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Scan washed roots rapidly with Regent's
scanners and root positioning systems.

m

Analyse seedlings and leaves
Globally
or
Individually

One analysis per image

Multiple analyses per image

m

m

Trace roots manually with a mouse or by
touching the screen of all-in-one computers
or tablet computers.

m

√ Leaf area of seedlings grown in Petri dish

See analysis results summarized on
screen automatically after scanning.
Details are autosaved in data files.

Monitor root growth by analysing Multiple
Frames (images) of a root system taken at
different times. Roots that overlap frames
are saved as a single measurement data
set for the group of images.

m

m
√ Leaf area - leaf/hypocotyl distinction
√ Root morphology
√ Topology and developmental analysis

√ Root morphology in function of root
diameter and color: length, area,
volume, and number of tips
√ Total number of tips, forks and
crossings
√ Root overlap detection for accurate
measurement
√ Leaf area, length and width of plants in soil

u

√ Topology, link and architecture with
fractals
√ Developmental classification

√ Germination Count

√ Plant height and width

√ Root morphology in function of root
diameter and color: length, area,
volume, and number of tips
√ Topology and developmental analysis
√ Data retrievable from file names using
the ICAP naming scheme
√ Previous analysis of a location can be
retrieved to resume analysis of the
same location at a later time simply by
adding new or dead roots since the last
analysis
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A M P L I F I C AT I O N // Q X100 ™ D R O P L E T D I G I TA L™ P C R SYS T E M

The future of qPCR is here,
and it’s digital.

That’s ddPCRevolutionary.
Bio-Rad’s QX100™ Droplet Digital™ PCR system provides
a measure of target DNA molecules with unrivaled precision
and accuracy. The QX100 system partitions each sample
into 20,000 individual nanoliter-sized droplets. PCR-positive
and PCR-negative droplets from every sample are then
counted to provide absolute target quantification in digital
form. The QX100 system provides a revolutionary approach
to target DNA quantification.
• Detect rare target sequences with unmatched
sensitivity for cancer and viral research
• Measure small differences in target copy number
variations (down to 1.2x differences)
• Determine gene expression levels without

a standard curve or DDCq
Visit www.bio-rad.com/ad/dropletdigital5 or contact
your Bio-Rad Sales Representative to learn more.

Research. Together.

To find your local sales office, visit
www.bio-rad.com/contact/

Visit us on the Web at discover.bio-rad.com

All delegates of ICAR2012 have free
access to PCP during the conference.

Read the latest Arabidopsis research
in Plant & Cell Physiology TODAY
To welcome you to the 23rd International Conference on Arabidopsis Research, we have created
a special collection of featured articles published recently in Plant & Cell Physiology (PCP).
Please visit www.pcp.oxfordjournals to access these articles for free.

Our Arabidopsis articles collection includes:
SIGNALLING: Regular Paper

GENETICS and GENOMICS: Review

Molecular and Physiological Characterization of
the Arabidopsis thaliana Oxidation-Related Zinc
Finger 2, a Plasma Membrane Protein Involved
in ABA and Salt Stress Response Through the
ABI2-Mediated Signaling Pathway

Seed Traits and Genes Important for Translational
Biology—Highlights from Recent Discoveries

Huang, P. et al.
Plant Cell Physiol (2012) 53(1): 193-203
CELL BIOLOGY: Regular paper
CLE Peptides can Negatively Regulate Protoxylem
Vessel Formation via Cytokinin Signaling
Kondo, Y. et.al.
Plant Cell Physiol (2011) 52(1): 37-48

OPEN
ACCESS

BIOCHEMISTRY –METABOLISM:
Regular paper
A Non-Covalently Attached Chromophore can
Mediate Phytochrome B Signaling in Arabidopsis
Oka, Y. et.al.
Plant Cell Physiol (2011) 52(12): 2088-2102

Martínez-Andújar, C. et.al.
Plant Cell Physiol (2012) 53(1): 5-15
DEVELOPMENT: Rapid paper
ASYMMETRIC LEAVES2 and Elongator, a
Histone Acetyltransferase Complex, Mediate the
Establishment of Polarity in Leaves of Arabidopsis
thaliana
Kojima, S. et.al.
Plant Cell Physiol (2011) 52(8): 1259-1273

Don’t miss out

Visit our website today and sign up to
receive an electronic table of contents
as soon as the issue or accepted article
is published.

PCP is an international journal devoted to the publication of original papers
pertaining to physiology, biochemistry, biophysics, chemistry, genetics, molecular
biology, gene engineering, and cell engineering of plants and microorganisms.

www.pcp.oxfordjournals.org

OPEN
ACCESS

// CONFIDENCE
MADE BY CARL ZEISS

The moment technology provides you
with a result the first time.
This is the moment we work for.

Carl Zeiss Microscopy is the world‘s only manufacturer of both
light and electron microscopes. The company‘s extensive portfolio
enables research and routine applications in the life and materials
sciences.
www.zeiss.at

WE KEEP
YOU GROWING
Conviron is the world leader in the design, manufacture,
and installation of controlled environment systems. With
installations in over 90 countries, and a global network
of offices, distributors and service partners - our clients
range from start-up companies to many of the largest
and most prestigious corporate and academic research
facilities in the world. We invite you to contact us to
discuss your controlled environment requirements.

Reach-In Chambers
Walk-In Rooms
Conviron Growth House™
Custom Solutions
®

Learn more at www.conviron.com

PROGRAM
TUESDAY, 3 JULY, 2012
2:00 – 7:00 pm

Registration

4:00 – 5:30 pm

Workshops

Halle

W1: Cell Death & Plant Senescence

(Organizers: Andreas Bachmair & Hong Gil Nam)
W2: Mechanisms of Plant Growth

(Organizers: Siobhan Braybrook & Arezki Boudsoud)
W3: Arabidopsis Bioinformatics

(Organizers: Blake Meyers & Erich Grotewold)
5:30 – 6:00 pm

Coffee Break

6:00 – 6:30 pm

Welcome

Chair: Markus Kiess, Gregor Mendel Institute, Vienna

Festsaal
Zeremoniensaal
Gartensaal

Festsaal

Dr Helmut Denk – President, Austrian Academy of
Sciences
Dr Heinz Engl – Rector, University of Vienna
Dr Josef Glößl – Vice-Rector, University of Natural
Resources and Life Sciences, Vienna
Dr Karlheinz Töchterle – Austrian Minister for Science and
Research
6:30 – 7:30 pm

Keynote Lectures

6:30 pm

Steven Henikoff, Fred Hutchinson Cancer Research
Center and Howard Hughes Medical Institute, USA
Mapping genome-wide nucleosome dynamics

7:00 pm

Mark Vidal, Center for Cancer Systems Biology and
Department of Cancer Biology Dana-Farber Cancer Institute
& Department of Genetics Harvard Medical School, USA
Interactome networks and human disease

7:30 – 10:00 pm

Welcome Reception

Chair: Magnus Nordborg, Gregor Mendel Institute, Vienna

Festsaal

Prinz Eugensaal

WEDNESDAY 4 JULY 2012
8:00 – 9:00 am

Registration

9:00 – 10:30 am

Plenary Session 1: Epigenetics

Chairs: Ortrun Mittelsten Scheid & Tetsuji Kakutani

9:00 am

Daniel Zilberman, University of California, Berkeley, USA
Deposition of histone variant H2A.Z within gene bodies
regulates responsive genes

9:30 am

Tetsuji Kakutani, National Institute of Genetics, Japan
Genetics of DNA methylation in genes and transposons

10:00 am

Ueli Grossniklaus, University of Zurich, Switzerland
Epigenetic variation in Arabidopsis in experimental selection
system

Halle
Festsaal

WEDNESDAY 4 JULY 2012
10:30 – 11:00 am

Coffee Break

11:00 – 12:30 pm

Plenary Session 2: Plant Defense

11:00 am

Ulla Bonas, Martin Luther University Halle Wittenberg,
Germany
Plant targets of bacterial effector proteins

11:30 am

Gitta Coaker, University of California, Davis, USA
Unraveling plant innate immune signaling using RIN4 as a
molecular probe

12:00 pm

Jonathan Jones, The Sainsbury Laboratory, Norwich, UK
How oomycete of Arabidopsis cause or fail to cause disease

12:30 – 2:00 pm

Lunch

2:00 – 4:00 pm

Concurrent Session 1: RNA-mediated Regulation

Chairs: Ulla Bonas & Jonathan Jones

Chairs: Marjori Matzke & Scott Poethig

2:00 pm

Marjori Matzke, Gregor Mendel Institute, Vienna, Austria
RNA-directed DNA methylation in Arabidopsis thaliana

2:30 pm

Scott Poethig, University of Pennsylvania, USA
MiRNA-mediated regulation of shoot maturation in plants

3:00 pm

Sascha Laubinger, ZMBP, University of Tübingen,
Germany
A novel component of plant small RNA pathways,
RECEPTOR OF ACTIVATED C KINASE (RACK1)

3:15 pm

Olga Popova, Gregor Mendel Institute, Vienna, Austria
RNA-directed DNA methylation pathway is involved in heat
response

3:30 pm

Gabriele Drechsel, University of Tübingen, Germany
Nonsense-mediated mRNA decay is a major regulator of the
Arabidopsis transcriptome

3:45 pm

Javier Palatnik, IBR, Istituto de Biología Molecular y
Celular de Rosario, Argentina
Function and evolution of the mir396 regulatory network

2:00 – 4:00 pm

Concurrent Session 2: Bioenergy

2:00 pm

Taku Demura, Nara Institute of Science and Technology,
Japan
Control of secondary wall formation by several distinct sets
of transcription factors

2:30 pm

Siobhan Brady, University of California, Davis, USA
Mapping spatiotemporal gene regulatory networks guiding
xylem cell specification, differentiation and secondary cell
wall synthesis

3:00 pm

Markus Pauly, University of California, Berkeley, USA
Identification and characterization of a wall polysaccharide
O-acetyltransferase

3:30 pm

Nicholas Carpita, Purdue University, USA
A ‘catalytic dimer’ hypothesis for the synthesis of cellulose
and other (1,4)-beta-glycans

Chairs: Nick Carpita & Ikuko Hara-Nishimura

Festsaal

Festsaal

Zeremoniensaal

WEDNESDAY 4 JULY 2012
4:00 – 4:30 pm

Coffee Break

4:30 – 6:30 pm

Concurrent Session 3: Interactions with the Biotic
Environment

Festsaal

Chairs: Paul Schulze-Lefert & Francis Martin
4:30 pm

John McDowell, Virginia Tech, USA
How do biotrophic pathogens survive inside hostile hosts?

5:00 pm

Marie-Cecile Caillaud, The Sainsbury Laboratory, UK
Mechanisms of nuclear suppression of host immunity by
Arabidopsis downy mildew effectors

5:15 pm

Jane Parker, Max Planck Institute for Plant Breeding
Research, Germany
Connecting NB-LRR receptor activation to different subcellular defences in Arabidopsis immunity

5:45 pm

Yusuke Saijo, Max Planck Institute for Plant Breeding
Research, Germany
The endogenous elicitor/receptor Pep/PEPR pathway links
microbial recognition to different immune branches

6:00 pm

Julia Vorholt, Institute of Microbiology, ETH Zurich,
Switzerland
Microbial life of indigenous phyllosphere bacteria

4:30 – 6:30 pm

Concurrent Session 4: Novel Tools & Bioinformatics

Chairs: Blake Meyers & Harvey Millar

4:30 pm

Harvey Millar, University of Western Australia, Australia
Targeted proteomics of pathways and the dynamics behind
the static proteome through protein turnover analysis in
Arabidopsis

4:50 pm

Waltraud Schulze, Max Planck Institute of Molecular Plant
Physiology, Germany
Plant phosphoproteomics: tools and developments in
moving global to targeted analysis

5:20 pm

Blake Meyers, University of Delaware, USA
Patterns of small RNA 3’ modifications in plant HEN1
mutants reveal distinct routes of turnover

5:40 pm

Brian Gregory, University of Pennsylvania, USA
Global analysis of RNA secondary structure in Arabidopsis

6:10 pm

Janett Elsaesser, Ludwig Maximilian University Munich,
Germany
Delivery of custom Transcription Activator Like Effector
proteins provides a non-transgene, sequence-specific
approach for promoter activation in various pant species

6:30 – 8:00 pm

Poster Session 1: Odd Numbers

7:00 – 10:00 pm

Venue will remain open until 10:00 pm. Drinks and light
snacks will be available for purchase between 8:00 and
10:00 pm
IAIC Meeting

Zeremoniensaal

Galerie

Wintergarten

Radetzky II

THURSDAY, 5 JULY 2012
8:30 – 9:00 am

Registration

9:00 – 10:30 am

Plenary Session 3: Responses to the Abiotic
Environment

Halle
Festsaal

Chairs: Stacey Harmer & Claudia Jonak
9:00 am

Caroline Dean, John Innes Centre, Norwich, UK
Sensing and responding to prolonged cold in the decision to
flower

9:30 am

Erwin Grill, Technische Universität München, Germany
Dehydration and abscisic acid-induced stress signaling

10:00 am

Jaakko Kangasjärvi, University of Helsinki, Finland
Receptor-like kinases and ROS perception in Arabidopsis

10:30 – 11:00 am

Coffee Break

11:00 – 12:30 pm

Plenary Session 4: Cell Biology

11:00 am

Natasha Raikhel, University of California, Riverside, USA
Chemical biology: towards a systems view of the
endomembrane network

11:30 am

Jürgen Kleine-Vehn, University of Natural Resources and
Life Sciences, Vienna, Austria
Auxin-dependent differential growth control

12:00 pm

Toru Fujiwara, University of Tokyo, Japan
Regulation of transport and growth in response to boron

12:30 – 2:00 pm

Lunch

2:00 – 4:00 pm

Concurrent Session 5: Plant Hormones

Chairs: Ian Moore & Christian Luschnig

MASC Lunch
Chairs: Mark Estelle & Sean Cutler

2:00 pm

Sean Cutler, University of California Riverside, USA
Chemical protection against water deficit by a synthetic ABA
agonist

2:30 pm

Jenny Russinova, VIB and University of Gent, Belgium
Endocytic regulation of brassinosteroid signaling

2:45 pm

Naoyuki Uchida, NAIST, Japan
Regulation of inflorescence architecture by novel peptide
hormones via communication between endodermis and
phloem

3:00 pm

Mark Estelle, University of California, San Diego, USA
Auxin signaling in moss and Arabidopsis

3:30 pm

Elke Barbez, University of Natural Resources and Life
Sciences, Vienna, Austria
A novel auxin carrier family regulates intracellular auxin
homeostasis in plants

3:45 pm

Takatoshi Kiba, RIKEN PSC, Japan
The Trans-zeatin-type cytokinin is indispensible for shoot
growth regulation in Arabidopsis

Festsaal

Maria Th. I
Festsaal

THURSDAY 5 JULY 2012
2:00 – 4:00 pm

Concurrent Session 6: MASC Roadmap: The Next
Decade of Arabidopsis Research

Zeremoniensaal

Chairs: Joe Ecker & Mark Estelle
2:00 pm

Mark Estelle, University of California, San Diego, USA
Introduction

2:10 pm

Blake Meyers, University of Delaware, USA
Responding to the community – the International
Arabidopsis Informatics Consortium and development of the
Arabidopsis Informatics Portal

2:35 pm

Leah Band, University of Nottingham, UK
Quantitative biology: using mathematical models and
fluorescent reports to characterize hormone dynamics

3:00 pm

Rob McClung, Dartmouth College, USA
As easy as ABC: applying the circadian clock model
developed in Arabidopsis to Brassica crops

3:30 pm

Joe Ecker, The Salk Institute, USA
Population epigenomics: inheritance and natural variation in
1,001 Arabidopsis genomes

4:00 – 4:30 pm

Coffee Break

4:00 – 7:00 pm

ABRC Meeting

4:30 – 6:00 pm

Workshops

Radetzky II

W4: Teaching Workshop for PDs and PhDs

(Organizers: Mary Williams & George Littlejohn)
W5: Epigenomics of Plants International Consortium
(Organizer: Doris Wagner)

W6: Regulation of Chloroplast Metabolism

(Organizers: Markus Teige & Klaas Jan Van Wijk)
6:00 – 8:00 pm

Poster Session 2: Even Numbers

7:00 – 10:00 pm

NAASC Meeting

Venue will remain open until 10:00 pm. Drinks and light
snacks will be available for purchase between 8:00 and
10:00 pm

Gartensaal
Zeremoniensaal
Festsaal
Galerie

Wintergarten

Parterre Office
FRIDAY, 6 JULY, 2012

8:30 – 9:00 am

Registration

9:00 – 10:30

Plenary Session 5: Natural Variation

9:00 am

Detlef Weigel, Max Planck Institute for Developmental
Biology, Germany
Arabidopsis thaliana as a model system for the study of
evolutionary questions

9:30 am

Richard Mott, University of Oxford, UK
The genomes and genetics of the MAGIC population of
Arabidopsis recombinant inbred lines

Chair: Magnus Nordborg

Halle
Festsaal

FRIDAY 6 JULY 2012
10:00 am

Fabrice Roux, GEPV-CNRS, France
A novel mechanism of quantitative and broad-spectrum
resistance to bacteria exhibits balancing selection in
Arabidopsis

Festsaal

This session sponsored by the journals
Plant Physiology and The Plant Cell

10:30 – 11:00 am

Coffee Break

11:00 – 12:30 pm

Plenary Session 6: Genetics and Genomics Beyond
Arabidopsis thaliana

Festsaal

Chairs: Detlef Weigel & Michele Morgante
11:00 am

Ute Krämer, Ruhr University Bochum, Germany
Arabidopsis halleri, a heavy-metal tolerant model species for
studying plant adaptation to extreme environments

11:30 am

Michele Morgante, Università di Udine, Italy
The plant pan-genomes: from one for all to all for one

12:00 pm

Bin Han, Chinese Academy of Sciences, Shanghai, China
Constructing a comprehensive map of rice genome variation
from population-scale genome sequencing

12:30 – 2:00 pm

Lunch

2:00 – 4:00 pm

Concurrent Session 7: Lifting Yield Barriers in Breeding

2:00 pm

Dani Zamir, Hebrew University of Jerusalem, Israel
Where have all the QTL gone?

2:30 pm

Bin Han, Chinese Academy of Sciences, Shanghai, China
Sequence-based genome-wide association study of
complex traits in rice

3:00 pm

Ron Vunsch, Evogene, Israel
Arabidopsis thaliana as a model plant in a biotech company

3:30 pm

John Fitz Gerald, Rhodes College, USA – Characterization
of parentally-biased events during the development of the
Arabidopsis seed endosperm using native autofluorescence

2:00 – 4:00 pm

Concurrent Session 8: Systems Biology of
Development

Chairs: Dani Zamir & Bin Han

Chairs: Dirk Inzé & Thomas Greb
2:00 pm

Dirk Inzé, VIB, University of Gent, Belgium
Molecular networks regulating leaf growth

2:30 pm

Thomas Greb, Gregor Mendel Institute, Vienna, Austria
Cambium activity – a model for studying the regulation of
plant growth processes on multiple levels

3:00 pm

Jie Song, John Innes Centre, UK
Vernalization: a Polycomb-based switch underlying
quantitative epigenetic memory

Zeremoniensaal

Festsaal

FRIDAY 6 JULY 2012
3:15 pm

Siobhan Braybrook, University of Bern, Switzerland
The biophysics of organ growth: investigating the correlation
between cell wall elasticity and organ formation

3:30 pm

Christine Granier, INRA, France
Taking full advantage of systematic phenotyping in
Arabidopsis thaliana

3:45 pm

Idan Efroni, New York University, USA
Single-cell transcriptomics of the Arabidopsis quiescent
center

4:00 – 4:30 pm

Coffee Break

4:30 – 6:00 pm

Workshops
W7: Proteomics

(Organizers: Stefanie Wienkoop & Wolfram Weckwerth
W8: Root Development

(Organizers: Wolfgang Busch & Siobhan Brady)

Festsaal
Gartensaal

W9: 1001 Genomes

Zeremoniensaal

Conference Dinner

Heuriger Alter
Bach-Hengl

(Organizer: Magnus Nordborg)
7:00 – 11:00 pm

Festsaal

Buses will leave from outside the venue at 6:30 pm. Buses
will return from the dinner to the venue at 9:00, 10:00 and
11:00 pm
SATURDAY, 7 JULY, 2012

8:30 – 9:00 am

Registration

9:00 – 10:30 am

Plenary Session 7: Systems Biology & Metabolism

Chairs: Wolfram Weckwerth & Kazuki Saito

9:00 am

Kazuki Saito, RIKEN Plant Science Center, Chiba
University, Japan
Metabolomics reveals metabolic diversity in Arabidopsis

9:30 am

Wolfram Weckwerth, University of Vienna, Austria
Characterising the molecular ecophene in systems biology

10:00 am

Mark Poolman, Oxford Brookes University, UK
Analysis of a genome scale metabolic model of Arabidopsis

10:30 – 11:00 am

Coffee Break

11:00 – 12:30 pm

Plenary Session 8: Development

11:00 am

Thomas Laux, Albert Ludwigs University, Freiburg,
Germany
Germline initiation in plants

11:30 am

Wolfgang Lukowitz, University of Georgia, USA
MAP kinase signaling in the early Arabidopsis embryo

12:00 pm

Hirokazu Tsukaya, University of Tokyo, Japan
Organ level regulations of cell behaviors in leaves

12:30 – 12:45 pm

Concluding Remarks & Next Year’s Meeting

Chairs: Marie-Theres Hauser & Thomas Laux

Halle
Festsaal

Festsaal

Festsaal

ICAR 2012 Vienna, Austria

Workshops

W1: CELL DEATH AND SENESCENCE PROGRAM
Organizers: Hong Gil Nam (POSTECH, Korea), Andreas Bachmair (University of Vienna, Austria), Pyung Ok Lim (Jeju National
University, Korea)
nam@postech.ac.kr, andreas.bachmair@univie.ac.at, polim@jejunu.ac.kr
The workshop presents selected examples of cell death processes and recent insights into senescence. These two processes
are traditionally studied separately, and one of the intentions of the workshop is to allow a side by side comparison, to better
understand differences and potential common aspects of the discussed processes. We also intend to bring people together
using multi-disciplinary approaches to study of cell death and senescence program. The mix of researchers including molecular
geneticists, cell biologists, physiologists, and systems biologists in this field will facilitate exchange of expertise and reinforce the
concept that multidisciplinary approaches are required to understand, and manipulate cell death and senescence program.
Speakers
Hye Ryun Woo, Chungnam National University, Korea
Transcriptome analysis of Arabidopsis leaf life history and aging.
Xing Wen, Peking University, China
Gene network analysis and functional studies of senescence-associated genes (SAGs) reveal novel regulators of leaf
senescence in Arabidopsis thaliana.
Hannele Tuominen, Umeå Plant Science Center, Sweden
Metacaspase 9 and spreading cell death in xylem vessel elements
Dominique Balagué, INRA-CNRS Toulouse, France
Characterization of suppressors of the lesion mimic vad1 mutant
Yao-min Cai, University of Manchester, UK
Regulation of ER stress-induced programmed cell death by proteases in Arabidopsis
Hong Gil Nam, POSTECH, Korea
Open discussion for future Issues or directions

W2: THE MECHANICS OF PLANT GROWTH
Organizers: Siobhan Braybrook (University of Bern, Switzerland), Arezki Boudaoud (ENS, Lyon, France)
braybrook@ips.unibe.ch, arezki.boudaoud@ens-lyon.fr
Please join us on the first day of ICAR 2012 for a series of short topical introductions to the field and discussions. Find out how
mechanics could enrich your everyday view of plants, and your research!
The mechanics of plant growth is a historically rich field, which has provided great insight into how plants grow. The field is
undergoing a recent resurgence due to the development of new experimental methods, new modeling techniques, and the
application of new technologies (e.g. micro- and nano-indentation, Fourier transform infrared spectroscopy, advanced imaging
and quantification tools, Finite Element modeling).
This Workshop aims at two vital purposes: 1) to (re)introduce the idea of growth mechanics to the plant community, and 2) to
provide a forum for imperative discussions regarding the application of a mechanical lens to the study of plant growth.
Main topics
Where does growth anisotropy come from?
The scales of measurement? How to interpret and improve.
Chemorheological dynamics of the wall: how are the mechanical properties changed?
Dealing in a physical world...inside-out, how does the plant measure stress/strain?
Short lectures by
Arezki Boudaoud, ENS Lyon, France
Alexis Peaucelle, University of Paris, France
Siobhan Braybrook, University of Bern, Switzerland
Lot’s of time for discussion.

Workshops

ICAR 2012 Vienna, Austria

W3: ARABIDOPSIS BIOINFORMATICS: A MODEL FOR OTHER ORGANISMS
Organizers: Blake C Meyers (University of Delaware, USA), Erich Grotewold (Ohio State University, USA)
meyers@dbi.udel.edu, grotewold.1@osu.edu
It has been 20 months since the original proposal for a single core informatics resource for Arabidopsis; that proposal led to the
formation of the International Arabidopsis Informatics Consortium (IAIC). The IAIC was formed to address increasing
bioinformatics needs for Arabidopsis data and in response to funding concerns for the community’s primary database, TAIR.
Members of the international Arabidopsis community mobilized to develop a plan for a new resource that aims to integrate and
help analyze data vital to researchers working in Arabidopsis and other plant species. The Arabidopsis Information Portal (AIP)
is the underlying infrastructure of the IAIC and will interact with and link to resources across the globe. The AIP will consist of a
distributed system of data, tools and resources that would be funded by a variety of sources under an international management
and scientific advisory board. We have now refined the plans for the AIP; significant progress was made at a workshop held in
December 2011, at which discussions of what and how to build were held. This workshop will include presentations on: the
current status of the transition from TAIR, the group(s) developing AIP proposal(s) and their vision, and several ‘module’
prototypes that will demonstrate how the international community can link into the AIP. We invite broader participation in this
process so that we can move to implementation of these plans in a timely manner.

W4: “HOW TO BE A GREAT TEACHER”: TEACHING WORKSHOP FOR POST DOCS AND GRADUATE STUDENTS.
Organizers: Mary Williams (ASPB, University of Glasgow, UK), George Littlejohn (University of Exeter, UK)
mwilliams@aspb.org, G.R.Littlejohn@exeter.ac.uk
Good quality teaching and learning is an ongoing process, underpinning the development of scientists at all levels. Graduate
students and postdoctoral researchers are necessarily research-focussed and as such, individuals at these early career stages
can find it challenging to develop a sound teaching practice alongside their research.
Often, postdocs and graduate students don’t have many opportunities to learn about becoming a good teacher, yet many will
move into positions with teaching responsibilities. As part of our commitment to enhancing plant science education at all levels,
we (the ASPB and The Plant Cell) are running workshops to introduce these future faculty to some of the latest ideas in
effective teaching. The workshop is interactive and allows participants the opportunity to engage in and practice diverse forms of
pedagogy. The workshop will encourage participants to consider what makes a great teacher, through reflecting on their own
experiences of teaching and learning and engaging with the pedagogical literature. It will also discuss how to find appropriate
and justifiable opportunities to develop their own teaching practice. In addition, the workshop will also discuss how to get credit
for the teaching you do and will give the participants the opportunity to formulate actions to help them develop as teachers.

W5: EPIGENOMICS OF PLANTS INTERNATIONAL CONSORTIUM
Organizer: Doris Wagner (University of Pennsylvania, Philadelphia, USA)
wagnerdo@sas.upenn.edu
Epigenetics and epigenomics are among the most exciting areas of modern biology due to their focus on fundamental questions
of genetics and genome regulation that go beyond the determination of complete genome sequences. Importantly, genome
sequence information alone does not reveal how the genes are regulated. Every cell of a species has the same genome, yet
different sets of genes are expressed in different cells of different organs and at different times in development. Although the
genome sequence provides the genetic blueprint, additional “epigenetic” layers of information are imposed upon this primary
code to influence gene accessibility and readout. Epigenetic information therefore constitutes a second code that must be
deciphered to understand both developmental gene regulation and genomic responses induced by environmental changes. To
facilitate an acceleration of progress in this research area, an “Epigenomics of Plants International Consortium” or “EPIC”
initiative was started.
This workshop will highlight current research in plant epigenetics/epigenomics and provide an update of the activities
of EPIC.
Speakers
Ales Pecinka, Max Planck Institute for Plant Breeding Research, Cologne, Germany
Enhanced expression of epigenetic regulators safeguards transmission of transcriptional gene silencing in the shoot apical
meristem
Fredy Barneche, IBENS, France
Fine-tuning of gene expression during de-etiolation through histone H2B ubiquitination
Franziska Turck, Max Planck Institute for Plant Breeding Research, Cologne, Germany
Polycomb group proteins provide a structural scaffold to expose cis-regulatory elements that control tissue-specific and
photoperiod-dependent regulation of FLOWERING LOCUS T
Doris Wagner, University of Pennsylvania, Philadelphia, USA
Update on EPIC
Role of chromatin remodeling in inducible gene expression in plant development and growth
Workshops
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Caroline Dean, John Innes Centre, Norwich, UK
Co-transcriptional role for Arabidopsis DICER-LIKE 4 in transcription termination

W6: REGULATION OF CHLOROPLAST METABOLISM
Organized by: Markus Teige (University of Vienna, Austria) and Klaas Jan Van Wijk (Cornell University, USA)
Outline
Chloroplast metabolism is the basis for plant’s autotrophic life style and plays a key role in plant productivity. The deeper
understanding of the regulation of plastid metabolism will be fundamental for future plant research aiming at the improvement of
crop productivity and also in the view of global climate change. The recent advances in organellar “omics” approaches,
particularly in (quantitative) proteomics and phosphoproteomics revealed multiple targets for regulation in a variety of processes
but the elucidation of the molecular mechanisms is just starting to emerge. As chloroplast metabolism is otherwise not
specifically covered in the program, this workshop will provide a platform and opportunity to get new insights and to discuss
recent developments in this field, as well as future challenges.
The workshop will be composed of four focused introductory presentations addressing different aspects of chloroplast
metabolism and its regulation (i.e. by reversible protein phosphorylation), followed by three selected presentations from the
submitted abstracts.
Speakers
Eva-Mari Aro, University of Turku, Finland
Photosystem I protection under fluctuating light
Klaas J van Wijk, Cornell University, USA
Plastoglobules and atypical ABC1 kinases in chloroplast metabolism
Markus Teige, University of Vienna, Austria
Protein kinases and Ca2+-binding proteins in chloroplast signaling
Michel Goldschmidt-Clermont, University of Geneva, Switzerland
Chloroplast kinases and phosphatases involved in light acclimation of photosynthesis
L. Ruby Carrillo, Michigan State University, USA
ATP/ADP Antiporter Photosynthetic function and involvement in the energy budget of the chloroplast
Myriam Ferro, CEA, INSERM, Grenoble-University; France
New insights into alternative targeting to the chloroplast
Steven M. Smith, ARC Centre of Excellence in Plant Energy Biology, University of Western Australia, Australia
Plastidial OPPP activity is required for nitrate uptake and assimilation

W7: PROTEOMICS
Organizers: Stefanie Wienkoop (University of Vienna, Austria), Wolfram Weckwerth (University of Vienna, Austria)
stefanie.wienkoop@univie.ac.at, wolfram.weckwerth@univie.ac.at
Besides Transcriptomics and Metabolomics, mass spectrometry based Proteomics has become one of the major tools in
systems biology. It allows for the analyses of tissue and organelle specific protein localization, improved genome annotation,
relative- and absolute quantitative changes in response to environmental perturbations, detection of regulatory relevant posttranslational modifications and turnover rates. The workshop will present the integrated strategic goals of MASCP and INNPO. It
will also provide an overview of the most recent developments and challenges for proteomics analyses. Novel strategies and
software tools from protein identification and quantification towards modeling will be presented and discussed.
Speakers
Introduction of Proteomic Organizations and Databases:
Wolfram Weckwerth, University of Vienna, Austria: INPPO
Sandra Tanz, University of Western Australia, Australia: SUBA an update
Absolute Quantification
Klaas Jan van Wijk, Cornell University, USA: QCONCAT in combination with epitope tagging
Stefanie Wienkoop, University of Vienna, Austria: Mass Western
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W8: COMPLICATED SIMPLICITY: REGULATORY NETWORKS IN ROOT DEVELOPMENT
Organizers: Wolfgang Busch (Gregor Mendel Institute, Austria), Siobhan Brady (University of California, Davis, USA)
wolfgang.busch@gmi.oeaw.ac.at, sbrady@ucdavis.edu
Due to its simple structure and continuous form of development, the root of Arabidopsis thaliana has proven to be an excellent
model system for studies of developmental biology. Using this simple model, remarkable progress has been made in
understanding regulatory processes that underlie plant development. Although some of these regulators are involved in
signaling processes, most of them act as transcriptional regulators. Such regulators are key components of transcriptional
networks. However, these networks are notoriously hard to study as they often contain many redundancies and feed-forward
and feed-back loops. Yet, key to understanding development is to characterize and model the transcriptional networks that
govern these processes. Novel large-scale approaches that involve both experimentation, quantitative genomics and
computational biology are emerging that promise to facilitate the comprehension of the networks. In this workshop we intend to
highlight novel approaches and the outcome of such studies, as well as their impact on understanding developmental
processes.
Speakers
Rosangela Sozzani, Department of Biology and Duke Center for System Biology, Duke University, Durham, NC; Department of
Biology and Biotechnology, University of Pavia, Italy
SHR/SCR-mediated signaling pathway controls asymmetric cell division and cell specification in the Ararabidopsis root
Christian S. Hardtke, University of Lausanne, Switzerland
Positional information through differential endocytosis splits auxin response to drive Arabidopsis root meristem growth
Laurence Lejay, INRA Montpellier, France
Regulation of root nitrate uptake in Arabidopsis thaliana using NRT2.1 as a target
Anthony Carter, University of Warwick, UK
Genetic connections between nodulation and lateral root development
Wolfgang Busch, Gregor Mendel Institute of Molecular Plant Biology, Austria
Using quantitative large-scale phenotyping to uncover novel gene regulatory networks in root development
Siobhan Brady, University of California, Davis, CA, USA
Identification of novel loci regulating root morphological and cellular development in tomato

W9: 1001 GENOMES
Organizer: Magnus Nordborg (Gregor Mendel Institute, Vienna, Austria)
magnus.nordborg@gmi.oeaw.ac.at
Commonly available natural inbred lines (accessions) have been a major resource for the Arabidopsis community since its
inception. The 1001 Genomes Project, launched at the beginning of 2008, aims to develop this resource further by cataloging
and making publicly available whole-genome sequence variation for at least 1001 lines. The data will complement the over 1300
lines that have already been genotyped using a 250k SNP-chip, so that over 2000 well-characterized, densely genotyped lines
will be available to the community for genome-wide association studies as well as other kinds of analyses.
This workshop will introduce the project, describe progress and data release policies, as well as present some of the major
scientific insights to date. It will feature presentations by some of the main participants in the project, including Joe Ecker,
Richard Mott, Magnus Nordborg, and Detlef Weigel, as well as leave lots of room for discussion.
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Keynote Lectures
MAPPING GENOME-WIDE NUCLEOSOME DYNAMICS
Steven Henikoff* (Fred Hutchinson Cancer Research Center and Howard Hughes Medical Institute, USA), Roger B. Deal (Fred
Hutchinson Cancer Research Center and Emory University, USA), Sheila S. Teves (Fred Hutchinson Cancer Research Center,
USA), Florian Steiner (Fred Hutchinson Cancer Research Center, USA), Jorja G. Henikoff (Fred Hutchinson Cancer Research
Center, USA)
steveh@fhcrc.org
Eukaryotic gene expression occurs in the context of chromatin, and maintaining a region accessible to DNA-binding proteins for
transcriptional regulation requires active processes that mobilize nucleosomes. Our approach to studying these processes has
been to map nucleosome dynamics genome-wide, and we have introduced several different strategies to achieve this goal: (1)
To measure relative levels of histone replacement across the genome, we have followed incorporation of the replicationindependent histone variant, H3.3, which replaces replication-coupled H3 over the course of the cell cycle. (2) To map histone
turnover kinetics directly we have developed a novel method based on metabolic labeling of proteins followed by affinity
purification of newly synthesized histone core particles. (3) To map classical 'active' chromatin genome-wide we have applied
salt fractionation to intact micrococcal nuclease-treated nuclei. (4) To effectively profile chromatin landscapes at single base-pair
resolution, we have developed a simple sequencing library preparation protocol and data display method that we have applied
to mapping transcription factors, nucleosome remodelers, nucleosomes and kinetochores from a single dataset. (5) To extend
genome-wide chromatin profiling to tissues, we have introduced an affinity-based method for purification of nuclei expressing a
nuclear envelope protein under control of a cell-type-specific promoter. Application of these methods to model organism
genomes suggests that nucleosome turnover is crucial for epigenetic inheritance of gene activity.

INTERACTOME NETWORKS AND HUMAN DISEASE
Marc Vidal* (Center for Cancer Systems Biology (CCSB) and Department of Cancer Biology Dana-Farber Cancer Institute &
Department of Genetics Harvard Medical School, USA)
marc_vidal@dfci.harvard.edu
For over half a century it has been conjectured that macromolecules form complex networks of functionally interacting
components, and that the molecular mechanisms underlying most biological processes correspond to particular steady states
adopted by such cellular networks. However, until a decade ago, systems-level theoretical conjectures remained largely
unappreciated, mainly because of lack of supporting experimental data. To generate the information necessary to eventually
address how complex cellular networks relate to biology, we initiated, at the scale of the whole proteome, an integrated
approach for modeling protein-protein interaction or “interactome” networks. Our main questions are: How are interactome
networks organized at the scale of the whole cell? How can we uncover local and global features underlying this organization,
and how are interactome networks modified in human disease, such as cancer?

Keynote Lectures

Page 1

ICAR 2012 Vienna, Austria

Plenary Session: Epigenetics
DEPOSITION OF HISTONE VARIANT H2A.Z WITHIN GENE BODIES REGULATES RESPONSIVE GENES
Daniel Zilberman* (University of California, Berkeley, USA), Devin Coleman-Derr (University of California, Berkeley, USA)
danielz@berkeley.edu
The regulation of eukaryotic chromatin relies on interactions between a variety of epigenetic factors, including histone
modifications, DNA methylation, and the incorporation of histone variants. H2A.Z, one of the most conserved but enigmatic
histone variants, has been implicated in a variety of chromosomal processes. The most consistent conclusion of studies
focused on H2A.Z has been its preferential enrichment at the transcriptional start sites of genes, though the functional
significance of this enrichment remains unclear. Recently, we reported a genome-wide anticorrelation between H2A.Z and DNA
methylation, an epigenetic hallmark of heterochromatin that has also been found in the bodies of active genes in plants and
animals. Here, we investigate the basis of this anticorrelation using a novel h2a.z loss-of-function line in Arabidopsis thaliana.
Through genome-wide bisulfite sequencing, we demonstrate that a loss of H2A.Z in Arabidopsis does not affect the level or
profile of DNA methylation in genes, and we propose that the global anti-correlation between DNA methylation and H2A.Z is
caused by the exclusion of H2A.Z from methylated DNA. RNA-seq and genomic mapping of H2A.Z show that H2A.Z
enrichment across gene bodies, rather than at the TSS, is correlated with lower transcription levels and higher measures of
gene responsiveness. We find that a loss of H2A.Z causes misregulation of many genes that are disproportionately associated
with response to both endogenous and exogenous stimuli. We propose that H2A.Z deposition in gene bodies promotes
variability in levels and patterns of gene expression, and that a major function of genic DNA methylation is to exclude H2A.Z
from constitutively expressed genes.

GENETICS OF DNA METHYLATION IN GENES AND TRANSPOSONS
Tetsuji Kakutani* (National Institute of Genetics, Japan)
tkakutan@nig.ac.jp
In the plant genome, most of cytosine methylation is found in repeats and transposons, and the methylation level is much lower
in active genes. To understand control and function of the cytosine methylation, we are taking genetic approaches using
mutants of Arabidopsis. An Arabidopsis chromatin remodeling protein DDM1 (decrease in dna methylation) is necessary for
methylating repeats and transposons. On the other hand, a jmjC-domain-containing protein IBM1 (increase in bonsai
methylation) is necessary for not methylating genes. In mutants of genes encoding these proteins, several types of
developmental abnormalities were induced. I am going to talk about our genetic and genomic approaches to understand the
impact of these mutations.

EPIGENETIC VARIATION IN ARABIDOPSIS IN EXPERIMENTAL SELECTION SYSTEM
Ueli Grossniklaus* (Institute of Plant Biology, University of Zürich, Switzerland), Chrisitian Heichinger (Institute of Plant Biology,
University of Zürich, Switzerland), Marc W. Schmid (Institute of Plant Biology, University of Zürich, Switzerland), Daniela Kleen
(Institute of Plant Biology, University of Zürich, Switzerland), Rémy Bruggmann (Functional Genomics Center Zürich, ETH and
University of Zürich, Switzerland), Sirisha Aluri (Functional Genomics Center Zürich, ETH and University of Zürich, Switzerland),
Marzanna Künzli (Functional Genomics Center Zürich, ETH and University of Zürich, Switzerland), Bernhard Schmid (Institute of
Evolutionary Biology and Environmental Studies, University of Zürich, Switzerland), Lindsay A. Turnbull (Institute of Evolutionary
Biology and Environmental Studies, University of Zürich, Switzerland)
grossnik@botinst.uzh.ch
Climate change poses a significant threat to biodiversity and agriculture as it is largely unknown to which degree plants can
adapt to a changing environment. So far, most studies have been limited to study phenotypic responses, while little is known
about the underlying genetic or possibly epigenetic basis. In Arabidopsis a high rate of spontaneous variation in DNA
methylation can occur in the absence of genetic variation and selection (Becker et al., 2011, Nature 480:245-249; Schmitz et al.,
2011, Science 334:369-373). It is of great interest, therefore, to determine whether such natural epigenetic variation is subject to
selection and contributes to adaptation in selective environments. We analysed variation in selected phenotypic traits, genomewide cytosine DNA methylation, and gene expression in two Arabidopsis genotypes that had undergone five generations of
selection in experimental landscapes (Fakheran et al., 2010, PNAS 107:19120-19125) and compared them to their genetically
identical ancestors. Selected populations showed significant differences in flowering time and the number of branches and
fruits, differences that were maintained over two to three generations in the absence of selection. We identified differentially
methylated cytosines that were overrepresented in genes that regulate flowering time, epigenetic processes, development and
morphogenesis. Moreover, differentially methylated genes were enriched in differentially expressed genes. Importantly, the
same epigenetic changes were observed in independent experiments. Thus, epigenetic variation is subject to selection and may
play an important role in the adaptive response of populations in rapidly changing natural environments.
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Plenary Session: Plant Defense
PLANT TARGETS OF BACTERIAL PATHOGEN EFFECTOR PROTEINS
Ulla Bonas* (Martin-Luther-University Halle-Wittenberg, Halle, Germany)
ulla.bonas@genetik.uni-halle.de
Pathogenicity of most Gram-negative plant-pathogenic bacteria depends on the type III secretion (T3S) system which
translocates effector proteins into the plant cell cytosol. In susceptible plants, type III effectors interfere with host cell processes
to the benefit of the pathogen and allow its proliferation. In resistant plants, however, plant resistance genes mediate recognition
of individual effectors often resulting in a hypersensitive response (HR), a rapid and localized programmed cell death restricting
pathogen ingress. We study the interaction between Xanthomonas campestris pv. vesicatoria (Xcv) and its host plants pepper
and tomato. The Xcv T3S system injects more than 25 different type III effectors into the plant cell, termed Avr (avirulence
protein), if they were identified many years ago, or Xop (Xanthomonas outer protein). As single effector deletion mutants of Xcv
behave like the wild type they likely have redundant functions in the plant cell. A major aim of our work is to identify the plant
targets of Xops. A well-studied effector is AvrBs3, the founding member of a large family of type III effector proteins, also termed
TAL (transcription activator-like). AvrBs3 acts as transcription factor in the plant cell nucleus and induces hypertrophy (cell
enlargement) of mesophyll cells in susceptible host plants as well as other solanaceous plants. AvrBs3 activity depends on a
central region of 17.5 nearly-identical 34-aa repeats, nuclear localization signals and an acidic activation domain. The repeat
region is a novel DNA binding motif that recognizes target DNA via two hypervariable amino acids present in each repeat.

UNRAVELING PLANT INNATE IMMUNE SIGNALING USING RIN4 AS A MOLECULAR PROBE
Gitta Coaker* (University of California, Davis, USA)
glcoaker@ucdavis.edu
The plant innate immune system is capable of recognizing diverse microbial patterns and pathogen effectors through
intracellular and surface-localized immune receptors. The plant protein RIN4 plays a key role in immune signaling in
Arabidopsis, tomato, lettuce, and soybean. The Arabidopsis RIN4 protein is targeted by multiple pathogen effectors and is
guarded by the plant NLR immune receptors RPM1 and RPS2. Furthermore, RIN4 also plays a role in PAMP defense
responses and pathogen entry through stomatal apertures. We hypothesize that RIN4 acts as an adapter protein, bridging
interactions between important immune signaling proteins. Proteomic analyses of RIN4 protein complex constituents’ reveals
dynamic changes in RIN4 protein complexes in response to stimulus with the bacterial pathogen Pseudomonas syringae. The
role of RIN4 phosphorylation in triggering activation of the Arabidopsis immune receptor RPM1 will be presented. The
importance of RIN4 phosphorylation during compatible interactions will also be presented. Collectively, results indicate that
posttranslational modification of RIN4 induces dynamic changes in its interactions with key immune signaling proteins.

HOW OOMYCETE PATHOGENS OF ARABIDOPSIS CAUSE OR FAIL TO CAUSE DISEASE
Jonathan D G Jones* (Sainsbury Lab, Norwich, UK), Eric Kemen (Sainsbury Lab, Norwich, UK), Ariane Kemen (Sainsbury Lab,
Norwich, UK), Kee-hoon Sohn (Sainsbury Lab, Norwich, UK), Georgina Fabro (Sainsbury Lab, Norwich, UK), Oliver Furzer
(Sainsbury Lab, Norwich, UK), Alex Robert-Seilaniantz (Sainsbury Lab, Norwich, UK), Naveed Ishaque (Sainsbury Lab,
Norwich, UK), Jorge Badel (Sainsbury Lab, Norwich, UK), Marie-Cecile Caillaud (Sainsbury Lab, Norwich, UK), Lennart
Wirtmueller (Sainsbury Lab, Norwich, UK), Mark Banfield (Sainsbury Lab, Norwich, UK), Sophie Piquerez (Sainsbury Lab,
Norwich, UK)
jonathan.jones@sainsbury-laboratory.ac.uk
Plant disease resistance mechanisms are initiated by surface receptors and cytoplasmic receptors that respectively recognize
conserved or variable pathogen components. To suppress defence, pathogens deliver “effector” molecules into host cells.
Understanding these effectors is important to (i) identify new probes to host defence mechanisms and (ii) develop durable
resistance strategies. Although the effector complements of bacteria are becoming well defined, and the mechanisms of many
bacterial effectors are quite well understood, the effectors of the fungal and oomycete pathogens that cause the most serious
crop losses are still poorly characterized. Recent advances in sequencing methods now enable us to define genomes of such
pathogens and to predict gene models. As a model system, we work with the downy mildew pathogen Hyaloperonospora
arabidopsidis (Hpa) and two other oomycete pathogens, Albugo laibachii and A candida. The Hpa genome is available (Baxter
et al 2010). We used Illumina paired read sequencing to assemble sequences of multiple races of Albugo laibachii, a pathogen
that is particularly effective at shutting down host defence (Kemen et al 2011), and also of multiple A candida races. We are
using association genomics to correlate genetic variation in the secretome of Albugo laibachii with virulence/avirulence on
specific Arabidopsis accessions. In addition, we are using the “MAGIC” inbred lines of Kover and Mott, to reveal transgressive
segregation for susceptibility to Brassica-infecting A. candida strains, in order to identify genes for non-host resistance. An
update on recent progress will be presented.
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Current Session: RNA Mediated Regulation
RNA-DIRECTED DNA METHYLATION IN ARABIDOPSIS THALIANA
Marjori Matzke* (Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria), Zdravko Lorkovic (Gregor Mendel
Institute of Molecular Plant Biology, Vienna, Austria), Taku Sasaki (Gregor Mendel Institute of Molecular Plant Biology, Vienna,
Austria), Changho Eun (Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria), Matthew Spencer (Gregor Mendel
Institute of Molecular Plant Biology, Vienna, Austria), Wanhui You (Gregor Mendel Institute of Molecular Plant Biology, Vienna,
Austria), Antonius Matzke (Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria)
marjori.matzke@gmi.oeaw.ac.at
RNA-directed DNA methylation (RdDM) is a small RNA-mediated epigenetic modification that is highly developed in flowering
plants (Matzke et al. (2009) Curr. Opin. Cell Biol. 21: 367-376). To identify RdDM components that are important in a
developmental context, we are conducting a forward genetic screen using a transgene silencing system that exploits an
enhancer active in shoot and root meristems (Kanno et al. (2010) EMBO Reports 11: 65-71). To date, eleven dms (defective in
meristem silencing) mutants have been identified (Lorkovic et al. (2012) Curr Biol, in press). The talk will focus on an update of
this screen and on several ‘cis’ mutants that are impaired in small RNA biogenesis.

MIRNA-MEDIATED REGULATION OF SHOOT MATURATION IN PLANTS
R. Scott Poethig* (University of Pennsylvania, USA), Li Yang (University of Pennsylvania, USA), Matthew Willmann (University
of Pennsylvania, USA), Mee Yeon Park (University of Pennsylvania, USA), Gang Wu (University of Pennsylvania, USA)
spoethig@sas.upenn.edu
A plant shoot changes with time. Microarray analysis of Arabidopsis leaves of different ages and different positions in the rosette
revealed six major temporal programs. Three of these programs are features of leaf development (leaf maturation, leaf aging,
leaf senescence), and three involve changes in the character of the entire shoot (vegetative phase change, flower induction,
aging). We are particularly interested in the mechanism of vegetative phase change—the transition from a juvenile to an adult
phase of shoot development. This process is regulated by a decrease in the expression of two related microRNAs miR156 and
miR157, which act to promote the expression of the juvenile phase. Ablation studies reveal that this decline is mediated by a
factor(s) produced by existing leaf primordia, which acts on newly formed primordia to repress the expression of miR156.
Evidence that this phase change signal is a sugar will be presented.

A NOVEL COMPONENT OF PLANT SMALL RNA PATHWAYS, RECEPTOR OF ACTIVATED C KINASE (RACK1)
Sascha Laubinger* (ZMBP, University of Tuebingen, Germany), Corinna Speth (ZMBP, University of Tuebingen, Germany),
Eva-Maria Willing (MPIZ, Cologne, Germany), Stephanie Rausch (ZMBP, University of Tuebingen, Germany), Korbinian
Schneeberger (MPIZ, Cologne, Germany)
sascha.laubinger@zmbp.uni-tuebingen.de
MicroRNAs (miRNAs) regulate different aspects of plant development by post-transcriptional regulation of target genes. In
Arabidopsis, DICER-LIKE 1 (DCL1) processes miRNA precursors (so-called pri-miRNAs) to miRNA duplexes, which associate
with ARGONAUTE 1 (AGO1). After removal of the passenger strand of the miRNA duplex, AGO1 together with the miRNA
guide strand binds complementary RNA sequences within target mRNAs. Additional proteins act in concert with DCL1 (e.g.
HYL1 and SERRATE) and AGO1, respectively, to facilitate efficient and precise pri-miRNA processing and loading into the
effector protein. Here, we show that RECEPTOR OF ACTIVATED C KINASE 1 (RACK1) is a novel component of the miRNA
pathway in Arabidopsis. RACK1 is a seven-bladed WD-repeat protein that acts as a scaffold protein mediating multiple
simultaneous protein-protein interactions. Molecular analyses of rack1 mutant plants revealed that RACK1 is widely required for
miRNA duplex accumulation. Consequently, plants with reduced RACK1 function exhibit deregulation of miRNA-mediated gene
expression. RACK1 does not affect the processing of pri-miRNAs suggesting that it acts after the initial steps of pri-miRNA
processing. Physical and genetic interaction studies with other miRNA players further suggest that RACK1 is a general regulator
of miRNA levels in Arabidopsis. In addition, we will show that RACK1 is also important for the accumulation of short interfering
RNAs (siRNAs) and we will discuss RACK1 functions in small RNA-mediated control of developmental processes such as
vegetative phase change and flowering time.

RNA-DIRECTED DNA METHYLATION PATHWAY IS INVOLVED IN HEAT RESPONSE
Olga V. Popova* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Huy Dinh (Gregor Mendel Institute of Molecular
Plant Biology, Austria), Werner Aufsatz (Gregor Mendel Institute of Molecular Plant Biology, Austria), Claudia Jonak (Gregor
Mendel Institute of Molecular Plant Biology, Austria)
olga.popova@gmi.oeaw.ac.at
In nature plants are constantly subjected to variety of stressful conditions negatively affecting their growth and reproduction.
Unfavorable environmental conditions lead to reversible modifications of epigenetic status. To better understand the epigenetic
mechanisms involved in the response to heat stress, we screened a collection of Arabidopsis epigenetic mutants for heat
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tolerance and found that the RNA-directed DNA methylation (RdDM) pathway, involved in siRNA biogenesis and in siRNAmediated transcriptional gene silencing, is crucial for basal heat tolerance. Next, to study the role of this epigenetic pathway in
heat-dependent regulation of gene expression, the transcriptional profile of a mutant deficient in RdDM function was monitored
under stress and recovery conditions. Subsequent analysis of the thus identified putative RdDM targets showed that heatinduced reactivation of heterochromatic elements is involved in regulating the expression of neighboring protein coding genes
and that functional RdDM pathway is important for re-silencing of heat-reactivated transposons and repeats during recovery
from stress.

NONSENSE-MEDIATED MRNA DECAY IS A MAJOR REGULATOR OF THE ARABIDOPSIS TRANSCRIPTOME
Gabriele Drechsel* (University of Tübingen, Germany), Andre Kahles (Sloan-Kettering Institute, USA), Anil Kumar Kesarwani
(University of Tübingen, Germany), Gunnar Rätsch (Sloan-Kettering Institute, USA), Andreas Wachter (University of Tübingen,
Germany)
gabriele.drechsel@uni-tuebingen.de
Nonsense-mediated mRNA decay (NMD) is a surveillance pathway in eukaryotes that detects and targets aberrant transcripts
for degradation. NMD substrates typically arise from mutations, transcription errors or differential transcript processing such as
alternative splicing. Thus, NMD functions not only in the clearance of erroneous transcripts, but also plays an important role in
regulating gene expression via degradation of certain mRNA variants. To date, few NMD targets have been experimentally
validated in Arabidopsis, but recent studies suggest an expanded scope of NMD-mediated transcriptome control. In order to
identify NMD substrates on a transcriptome-wide level, we analyzed plants impaired in NMD function. We generated double
mutants defective in the NMD factors UPF1 and UPF3. Although the single mutants lba1 and upf3-1 are viable and show only
minor developmental defects, lba1upf3-1 double mutants are arrested in development shortly after germination. Importantly,
lba1upf3-1 seedlings show massive overaccumulation of known NMD target transcripts compared to the single mutants. RNA
from single and double mutants as well as from plants treated with the translation inhibitor cycloheximide (CHX), which is known
to efficiently block NMD, was subjected to high-throughput transcriptome analyses using the Illumina platform. Bioinformatical
analyses identified more than 3800 and 4700 alternative splicing events regulated by NMD in lba1upf3-1 mutants and CHXtreated wild type plants, respectively. These putative NMD substrates originate from 3054 genetic loci, suggesting that about 9%
of all Arabidopsis genes possess at least one NMD transcript variant. In summary, our study provides the first transcriptomewide, splicing-sensitive analysis of NMD in plants and suggests an important and widespread role of this surveillance pathway in
shaping the Arabidopsis transcriptome.

FUNCTION AND EVOLUTION OF THE MIR396 REGULATORY NETWORK
Javier F. Palatnik* (IBR, Instituto de Biología Molecular y Celular de Rosario, Argentina), Juan M. Debernardi (IBR, Instituto de
Biología Molecular y Celular de Rosario, Argentina), Ramiro E. Rodriguez (IBR, Instituto de Biología Molecular y Celular de
Rosario, Argentina)
palatnik@ibr.gov.ar
The microRNA mir396 regulates seven transcription factors of the GROWTH REGULATING FACTOR (GRF) family in
Arabidopsis thaliana. Overexpression of miR396 leads to down-regulation of these GRFs and a reduced number of cells in
leaves and the meristem. Conversely, transgenic plants harboring GRF transgenes with mutations in the miRNA binding site
have more cells and bigger leaves. MiR396 accumulates in the distal part of young leaves, restricting the expression of the
GRFs to the proximal part of the organ, which in turn coincides with the leaf domain undergoing cell proliferation. We have
shown that the shape of the proximo-distal pattern of expression of GRF2 depends on the exact nature of the interaction with
the miRNA, including a conserved bulged nucleotide. A variant of miR396, present only in monocots, has an additional
nucleotide, eliminating this bulge and repressing the GRFs much more efficiently than the dicot miR396. In turn, we found that
the conserved miR396 network can acquire new targets, including a bHLH transcription factor present in the sister families
Brassicaceae and Cleomaceae. Still, the repression of this bHLH by miR396 is important for margin and vein pattern formation
of Arabidopsis leaves, suggesting that the regulation of new targets by conserved miRNAs might be biologically important. A
systematic analysis of conserved miRNA networks revealed that the acquisition of new targets by plant miRNAs might be more
common than previously thought.
Current Session: Bioenergy
CONTROL OF SECONDARY CELL WALL FORMATION BY SEVERAL DISTINCT SETS OF TRANSCRIPTION FACTORS
Taku Demura* (Nara Institute of Science and Technology / RIKEN Biomass Engineering Program, Japan)
demura@bs.naist.jp
Secondary cell walls of xylem tissue, wood in case of trees, comprise mainly of cellulose, hemicellulose, and lignin, which are
potential raw materials for bioenergy production. Recent researches using the model plants including Arabidopsis, Populus
species, and also Medicago truncatula revealed that a group of closely related NAC domain transcription factors regulate the
differentiation of xylem cell types with the control of gene expression associated with secondary cell wall formation. VASCULARRELATED NAC-DOMAIN6 (VND6) and VND7 were firstly identified as major regulators of vessel identity, while NAC
SECONDARY WALL THICKENING PROMOTING FACTOR1 (NST1) and NST3 (also called SECONDARY WALLASSOCIATED NAC DOMAIN PROTEIN1) function as key regulators of xylem fiber identity in Arabidopsis. In contrast, analyses
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in poplar suggested that the NAC transcription factors homologous to Arabidopsis VND/NST are functionally diverse in terms of
determination of xylem cell types. In addition to the VND/NSTs, some other NAC transcription factors affect the xylem cell
differentiation: VND-INTERACTING2 and XYLEM NAC DOMAIN1 were shown to negatively regulate xylem vessel
differentiation. Not only NAC domain transcription factors but also a number of MYB transcription factors were found as positive
or negative regulators of secondary cell wall formation in xylem cells, several of which are the direct targets of the NAC
transcriptional regulators. Moreover, LBD/ASL and GATA transcription factors coordinately function during xylem vessel
differentiation. To understand the fine transcriptional regulation/network by these transcription factors, we are now trying to
identify cis-elements for each transcription factor by means of DNA-protein binding assays with “Fluorescence Correlation
Spectroscopy”. From the perspective of future improvement of wood properties, by controlling secondary cell wall formation, for
bioenergy, such knowledge will be indispensable.

MAPPING SPATIOTEMPORAL GENE REGULATORY NETWORKS GUIDING XYLEM CELL SPECIFICATION,
DIFFERENTIATION AND SECONDARY CELL WALL SYNTHESIS
Siobhan Brady* (University of California Davis, USA), Mallorie Taylor-Teeples (University of California Davis, USA), Allison
Gaudinier (University of California Davis, USA), Ted Toal (University of California Davis, USA), Sebastian Ahnert (University of
California Davis, USA)
siobhan.brady@gmail.com
Arabidopsis root development provides a remarkably tractable system to delineate cell type-specific, developmental gene
regulatory networks and to study their functionality in a complex multicellular model system over developmental time. We
present a gene regulatory network guiding xylem cell specification, differentiation and secondary cell wall synthesis. We identify
upstream regulators, link known developmental regulators and provide direct links between these regulators and cell
metabolism. Using computational modeling we have further identified key temporal regulators in this process and can use stress
as a mechanism to interrogate the network.

IDENTIFICATION AND CHARACTERIZATION OF A WALL POLYSACCHARIDE O-ACETYLTRANSFERASE
Markus Pauly* (Energy Biosciences Institute, UC Berkeley, USA),Sascha Gille (Energy Biosciences Institute, UC Berkeley,
USA), Amancio Souza (Energy Biosciences Institute, UC Berkeley, USA), Guangyan Xiong (Energy Biosciences Institute, UC
Berkeley, USA)
mpauly69@berkeley.edu
Most polysaccharides in the plant cell wall/ lignocelluloses are O-acetylated. O-acetyl substituents aid in making the
polysaccharide water-soluble but inhibit enzymatic degradation. While the biological function of polysaccharide O-acetylation is
not known, acetate as a byproduct of the processing of lignocellulosics can be a major inhibitor of microbial fermentation. The
molecular mechanism of polymer O-acetylation in plants is unknown limiting our ability to tailor plants with defined O-acetylation
levels. Using the model species Arabidopsis a forward genetic screen was pursued to identify putative O-acetyltransferases. A
chemically mutagenized Arabidopsis population was screened for mutants with altered xyloglucan structures (axy-mutants) by
oligosaccharide mass profiling utilizing a xyloglucan specific endoglucanase. One of the mutants, axy4, exhibited a 20%
reduction in xyloglucan O-acetylation. Mapping of the mutation resulted in the identification of a gene (AXY4) encoding a protein
of unknown function. The role of AXY4 in O-acetylation was confirmed by assessing the structure of xyloglucan in insertional
knockout lines of AXY4. Surprisingly, all knockout-lines showed a complete lack of O-acetylation specifically of xyloglucan but
not pectin or xylan. Interestingly, an Arabidopsis ecotype (Ty-0) was identified independently that also shown a lack of
xyloglucan O-acetylation that is due to a SNP in AXY4 indicating that O-acetylation of xyloglucan is not a selective disadvantage
when grown in its natural environment. AXY4 is part of a gene family and we propose that those homologs represent Oacetyltransferases involved in acetylating other wall polymers. This hypothesis will be discussed.

A ‘CATALYTIC DIMER’ HYPOTHESIS FOR THE SYNTHESIS OF CELLULOSE AND OTHER (1,4)-BETA-GLYCANS
Nicholas C. Carpita* (Purdue University, USA), Anna T. Olek (Purdue University, USA), Catherine J. Rayon (Purdue University,
USA), Lee Makowski (Northeastern University, USA), Peter Ciesielski (National Renewable Energy Laboratory, USA), Lake Paul
(Purdue University, USA), Subhangi Ghosh (Purdue University, USA), Daisuke Kihara (Purdue University, USA), Michael
Crowley (National Renewable Energy Laboratory, USA), Michael Himmel (National Renewable Energy Laboratory, USA), Jeffrey
Bolin (Purdue University, USA)
carpita@purdue.edu
Cellulose is the most abundant biopolymer on earth and a principal feedstock component of biomass for conversion to biofuels.
The biochemical mechanism of the synthesis of the individual beta-glucan chains and the assembly of the chains into a
crystalline microfibril are not understood. We are evaluating a ‘catalytic dimer’ hypothesis that solves three fundamental
problems with current published models with regard to the steric problem of synthesis, the minimum size of the membrane
channel, and the ability for Zn-finger domains to link cellulose synthase catalytic units into particle rosettes. Recombinant 55
kDa Catalytic domains of CesAs, isolated by size-exclusion chromatography as monomers in the presence of 10 mM DTT, will
spontaneously dimerize when the DTT is diluted or the protein concentrated on spin-filtration membranes. Dimerization is also
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observed by analytical ultracentrifugation. Both monomers and dimers bind the substrate UDP-Glc. Small-angle x-ray scattering
shows the monomers to be flattened L-shaped structures that connect at one end to form the dimer. Comparison of scattering
from monomer and dimer indicate that the centers of mass of the two monomers are approximately 41.3 Angstroms apart in the
dimer. Experiments underway assess the relative tenacity of binding of homo- vs. heterodimers of the three major isoforms of
Arabidopsis CesA expressed during primary wall formation. The results of these studies bring new insights for how to redesign
the cellulose synthase complex to make ‘tailored biomass’.
Current Session: Interactions with the Biotic Environment
HOW DO BIOTROPHIC PATHOGENS SURVIVE INSIDE HOSTILE HOSTS?
J. M. McDowell* (Virginia Tech, USA), R. G. Anderson (Virginia Tech, USA), D. Deb (Virginia Tech, USA), K. Fedkenheuer
(Virginia Tech, USA), T. How-Yew-Kin (Virginia Tech, USA), M. Casady (Virginia Tech, USA), R. Fee (Virginia Tech, USA),
Reed Bryant (Virginia Tech, USA), B. M. Tyler (Oregon State, USA), S. Y. He (Michigan State, USA), M. Trujillo (Institute for
Plant Biochemistry, Halle, Germany)
johnmcd@vt.edu
We investigate the molecular interplay and co-evolution between Arabidopsis thaliana and the oomycete pathogen
Hyaloperonospora arabidopsidis (Hpa, downy mildew disease). Hpa is an obligate pathogen that extracts nutrients only from
living plant tissue and cannot exist apart from its host. Recent sequencing of the Hpa genome and comparison to genomes of
facultative parasites in the related Phythophthora genus revealed several genomic signatures of evolution towards an obligate
life style. For example, almost every gene family encoding secreted pathogenicity proteins is downsized in Hpa compared to
Phytophthora, presumably to facilitate “stealth” inside the host. We are particularly interested in RXLR effectors, which are
exported to the interior of plant cells where they promote host susceptibility or are recognized as signals of invasion. Hpa
contains over 130 predicted RXLR genes, compared to ~370-550 in Phytophthora genomes. There is very little evolutionary
conservation between the predicted RXLR proteins in Hpa and Phytophthora, suggesting that oomycetes must continually
invent or re-invent RXLR weaponry. However, some RXLR genes do appear to be conserved, suggesting that they play a
general role in oomycete pathogenicity. We are focusing on functional analysis of these conserved genes from Hpa and their
homologs in the soybean root/stem rot pathogen Phytophthora sojae. We will present current results from these experiments,
which demonstrate that these effectors can suppress plant immune responses across a broad range of host plants, from
different locations within the plant cell.

MECHANISMS OF NUCLEAR SUPPRESSION OF HOST IMMUNITY BY ARABIDOPSIS DOWNY MILDEW EFFECTORS
Marie-Cecile Caillaud* (The Sainsbury Laboratory, UK), Georgina Fabro (CIQUIBIC-CONICET, Argentina), Sophie Piquerez
(The Sainsbury Laboratory, UK), Shuta Asai (The Sainsbury Laboratory, UK), Lennart Wirthmueller (John Innes Centre, UK),
Jonathan Jones (The Sainsbury Laboratory, UK)
marie-cecile.caillaud@tsl.ac.uk
Plant tissues provide an important niche for survival and proliferation of microbes. Plants have evolved a multilayered immune
system that thwarts most microbial infections. Nonetheless, pathogens have evolved to overcome plant immunity by expressing
effectors that increase host susceptibility, resulting in disease. We investigated the in planta subcellular localization patterns of
RxLR effector candidates (HaRxLs) from the Arabidopsis biotroph oomycete pathogen Hyaloperonospora Arabidopsidis (Hpa).
We identified 14 effectors, including HaRxL44, which strictly localize to the plant cell nucleus (Caillaud et al., 2012). Arabidopsis
transgenic lines expressing the nuclear Hpa effector HaRxL44 show growth inhibition and a curvy leaf that resembles JAW-D
mutant. In yeast two hybrid and BiFC, HaRxL44 interacts with AtMed19a. AtMed19a is a component of Mediator, a conserved
multi-subunit complex that acts as a molecular bridge between transcriptional regulators at promoter enhancer sequences, and
the activation of transcription by RNA polymerase II at the transcription start site (Backstrom et al., 2007; Conaway and
Conaway, 2011). In Arabidopsis, Mediator likely plays a role in plant defence because Med16, Med21, Med25 are important for
plant resistance against hemibiotroph or necrotroph pathogens (Dhawan et al., 2009; Kidd et al., 2009; Wathugala et al., 2012).
However, the role of AtMed19a in plant immunity remains unknown. T-DNA insertion mutants and over-expression lines of
AtMed19a show altered susceptibility to Hpa, demonstrating that AtMed19a contributes to Hpa resistance. In addition, we found
that Arabidopsis transgenic lines expressing the pathogen effector HaRxL44 are more susceptible to Hpa. Expression profiling
of 35S::HaRXL44 Arabidopsis lines in comparison with wild type shows a positive correlation between mRNA profiles of
Arabidopsis genes after Jasmonic acid (JA) treatment with genes differentially expressed in 35S::HaRXL44 Arabidopsis lines.
We hypothesize HaRxL44 effector activates JA signalling at a transcriptional level via its interaction with the Mediator complex,
in order to promote Hpa virulence.

CONNECTING NB-LRR RECEPTOR ACTIVATION TO DIFFERENT SUB-CELLULAR DEFENCES IN ARABIDOPSIS
IMMUNITY
Jane Parker* (MPIPZ, Cologne, Germany), Servane Blanvillain-Baufumé (MPIPZ, Cologne, Germany), Katharina Heidrich
(MPIPZ, Cologne, Germany), Nahal Ahmadinejad (MPIPZ, Cologne, Germany), Peter Nuernberg (Cologne Centre for
Genomics, University of Cologne, Germany), Céline Tasset (INRA-LIPM/CNRS, Toulouse, France), Laurent Deslandes (INRALIPM/CNRS, Toulouse, France)
parker@mpipz.mpg.de
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Recognition of pathogen effectors by plant intracellular NB-LRR receptors triggers a strong innate immune response often
involving localized host cell death. We have been characterizing the molecular interactions and sub-cellular functions of
Arabidopsis biotic stress regulator EDS1 (Enhanced Disease Susceptibility1) as a means to understand disease resistance
pathway activation and dynamics. EDS1 is a nucleocytoplasmic lipase-like protein which promotes basal immunity to virulent
pathogens and is an indispensible component of effector-triggered immunity mediated by TIR (Toll-Interleukin1-Receptor)-NBLRR receptors. I’ll describe our recent data on resistance governed by Arabidopsis TIR-NB-LRR receptor RPS4 in response to
the Pseudomonas syringae Type III secreted effector, AvrRps4. Using this recognition-response system we have identified
distinct sub-cellular defence outputs and events inside nuclei associated with transcriptional reprogramming. In an RPS4 over
expression (OE) background, we are able to trigger an EDS1-dependent immune response synchronously in leaf cells after a
switch from high to moderate temperature. Upon shift, we detect complexes containing EDS1 and RPS4. Also, RPS4 induces
amplified but qualitatively similar transcriptional outputs to pathogen-infected plants. Analysis of ChIP-seq and ChIP-qPCR data
shows that, upon activation, RPS4 associates in an EDS1-dependent manner with specific genomic regions. Gene expression
profiling done in parallel reveals a high correlation between RPS4 chromatin-binding patterns and RPS4-mediated, EDS1dependent transcriptional activation. Our analysis points to an intimate molecular relationship between an NB-LRR immune
receptor and the transcription machinery in reprogramming of cells for defence.

THE ENDOGENOUS ELICITOR/RECEPTOR PEP/PEPR PATHWAY LINKS MICROBIAL RECOGNITION TO DIFFERENT
IMMUNE BRANCHES
Yusuke Saijo* (Max Planck Institute for Plant Breeding Research, Germany), Annegret Ross (Max Planck Institute for Plant
Breeding Research, Germany), Nico Tintor (Max Planck Institute for Plant Breeding Research, Germany), Misuzu YamashitaYamada (Max Planck Institute for Plant Breeding Research, Germany), Kohji Yamada (Max Planck Institute for Plant Breeding
Research, Germany)
saijo@mpipz.mpg.de
Recognition of conserved microbial molecules (microbe-associated molecular patterns; MAMPs) is central to initiate MAMPtriggered immunity (MTI) that restricts multiplication of potentially infectious microbes. However, how hosts distinguish
pathogens from non-pathogens that share MAMPs remains largely unknown. We hypothesize that coincidental detection of
MAMPs and danger signals, e.g. disruption of host cell integrity, acts as a potent trigger for immune response against
pathogens. Our genetic work in Arabidopsis points to a critical role of sustained, rather than initial, transcriptional
reprogramming for effective MTI activation. The endogenous elicitor/receptor Pep/PEPR pathway acts as a target but also a
component of sustained MTI signaling. It has been described that this pathway is activated upon the recognition of the elicitoractive Pep ligands via the cell-surface receptors PEPR1 and PEPR2, despite the lack of an N-terminal signal peptide for
targeting the ligand precursors to the canonical secretory pathway. This implies that PEPRs recognize Pep ligands released
upon cellular damages, but compelling evidence is missing for this model and for the significance of this pathway in host
immunity. We provide evidence for a role of PEPRs in basal and systemic immunity against hemi-biotrophic pathogens.
Moreover, our genetic and genomics evidence indicates that a unique feature of the Pep/PEPR pathway involves the coactivation of otherwise antagonizing salicylate- and jasmonate-mediated immunity. Based on our biochemical studies, we will
also discuss whether and how the Pep/PEPR pathway is engaged in danger sensing and/or pathogen recognition.

MICROBIAL LIFE OF INDIGENOUS PHYLLOSPHERE BACTERIA
Julia A. Vorholt* (Institute of Microbiology, ETH Zurich, Switzerland)
vorholt@micro.biol.ethz.ch
Leaves represent one of the largest biological surfaces on Earth and are colonized by various microorganisms. So far, not much
is known about the majority of bacteria in the phyllosphere, their interactions as well as their importance for plant health. To gain
comprehensive insight into the identity and physiology of phyllosphere bacteria under in situ conditions, we performed a cultureindependent analysis of the microbiota associated with leaves of a wild population of Arabidopsis thaliana, as well as soybean
and clover. Alphaproteobacteria dominated the overall bacterial population in the phyllosphere of the studied plants. Among
these, Sphingomonas spp. represented the most abundant genus based on phylogenetic markers deduced from metagenome
shutgun sequencing of genomic DNA. Proteome analysis of the entire microbial community (metaproteomics) confirmed the
high abundance of Sphingomonas and revealed a conspicuous presence of transporters of the TonB family suggesting these
might be used to scavenge carbon substrates in the oligotrophic habitat. Next, we investigated the question whether these
commensals exhibit a barrier effect against invading plant pathogens. An in planta assay was applied with A. thaliana as the
model plant and Pseudomonas syringae pv. tomato DC3000 as the model pathogen. Sphingomonas strains were tested as
potential antagonist under gnotobiotic conditions and showed a plant-protective effect by diminishing pathogen growth and
disease symptoms. Possible mechanisms underlying plant protection will be discussed.
Current Session: Novel Tools/Bioinformatics
TARGETED PROTEOMICS OF PATHWAYS AND THE DYNAMICS BEHIND THE STATIC PROTEOME THROUGH
PROTEIN TURNOVER ANALYSIS IN ARABIDOPSIS
A. Harvey Millar* (The University of Western Australia, Australia), Clark Nelson (The University of Western Australia, Australia),
Lei Li (The University of Western Australia, Australia), Nicolas L. Taylor (The University of Western Australia, Australia), Ricarda
Fenske (The University of Western Australia, Australia)
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harvey.millar@uwa.edu.au
Shotgun approaches dominate proteome studies as discovery tools to find changes in protein abundance. Key limitations,
however, are they can only provide a mosaic image of the proteome response and they focus just on the proteins that are
changing in abundance to find biological insights. I will show data from three alternative approaches: (1) targeting identification
of changes in biochemical pathways; (2) analysing protein synthesis and degradation rates with progressive stable isotope
labelling; and (3) combining native complex analysis with protein turnover studies to analyse the in vivo assembly of protein
machinery. Through developing optimised multiple reaction monitoring (MRM) assays for peptides, and multiplexing these MRM
assays for whole biochemical pathways, we can begin to use peptide mass spectrometry to follow the dynamics of complete
15
biochemical pathways. I will show the example of the TCA cycle. Through progressive N labelling of plant cells from nitrate
and ammonia salts and modelling incorporation fits, we can calculate the rate at which proteins which are static in abundance in
15
the proteome are turning over, and thus provide an extra dimension to proteome analysis. Through combining progressive N
labelling with separation of protein complex and subcomplexes by native electrophoresis, we can observe the in vivo turnover
rate of assembly intermediates of protein complexes in the mitochondrial respiratory chain. Combined there approaches provide
new avenues for peptide mass spectrometry to provide answers to a wide range of questions in plant biology.

PLANT PHOSPHOPROTEOMICS: TOOLS AND DEVELOPMENTS IN MOVING FROM GLOBAL TO TARGETED ANALYSIS
Waltraud Schulze* (Max Planck Institut für mokelulare Pflanzenphysiologie, Germany), Borjana Arsova (Max Planck Institut für
mokelulare Pflanzenphysiologie, Germany), Monika Zualwski (Max Planck Institut für mokelulare Pflanzenphysiologie,
Germany), Henrik Zauber (Max Planck Institut für mokelulare Pflanzenphysiologie, Germany)
wschulze@mpimp-golm.mpg.de
Protein phosphorylation is an important post-translational modification which influences many aspects of dynamic cellular
behavior by controlling cellular signaling processes. Site-specific phosphorylation of amino acid residues serine, threonine and
tyrosine can have profound effects on protein structure, activity, localization, stability and the interaction with other
biomolecules. Information from several large-scale, condition-dependent phosphoproteomic studies has been compiled in the
database PhosPhAt (phosphate.mpimp-golm.mpg.de). PhosPhAt is combined with a phosphorylation site prediction tool
specifically trained on plant type phosphorylation motifs. Thus, PhosPhAt not only serves as a searchable knowledge base for
experimentally-identified phosphorylation sites, but in addition also provides a powerful resource for the characterization and
annotation of yet unidentified phosphorylation sites in plant proteins. Furthermore, the stored spectra for large numbers of
phosphorylation sites provides a direct resource for design of targeted experiments. Reconstruction of a signaling network from
large-scale proteomic time-course analyses revealed preference of highly dynamic phosphorylation in general hub proteins of
protein-protein interaction networks. Therefore, to better understand the regulatory role of protein phosphorylation of these hub
proteins, we now focus on a targeted analysis key phosphorylation sites by selected reaction monitoring. Inclusion of sitedirected protein mutants as well as comparison across a wide range of conditions and signaling mutants may give us novel
insights into the regulatory interplay of phosphorylated hub proteins. Using regulatory processes of nitrogen uptake and
assimilation as an example, PhosPhAt and its functionalities can be used when moving from large-scale global analyses to
studies of a tragetes subset of candidate proteins.

PATTERNS OF SMALL RNA 3’ MODIFICATIONS IN PLANT HEN1 MUTANTS REVEAL DISTINCT ROUTES OF
TURNOVER
Blake C Meyers* (University of Delaware, USA), Jixian Zhai (University of Delaware, USA), Stacey A Simon (University of
Delaware, USA), Yuanyuan Zhao (University of California - Riverside, USA), Bing Yang (Iowa State University, USA), Lijuan Ji
(University of California - Riverside, USA), Xuemei Chen (University of California - Riverside, USA)
meyers@dbi.udel.edu
Small RNA levels depend on both their biogenesis and turnover. The methyltransferase HEN1 stabilizes plant miRNAs, animal
piRNAs, and siRNAs in both kingdoms via 3' terminal methylation. Loss of HEN1 in plants results in non-templated oligouridylation and accelerated degradation of miRNAs. We developed a novel computational approach to characterize and
describe 3’ modifications of small RNAs in hen1 mutants from Arabidopsis and rice, and in wildtype controls. We found that the
patterns of miRNA truncation and uridylation differ substantially among miRNA families, but such patterns for the same miRNA
are conserved between species. Some miRNAs truncated to specific lengths and recover via uridylation to approximately their
original sizes. Truncated and tailed variants were bound by ARGONAUTE1 (AGO1) in hen1, implying that these events occur
while miRNAs are still bound by AGO1. Unexpectedly, a portion of miR158 in wildtype remains unmethylated and thus subject
to uridylation and destabilization, suggesting that plants naturally utilize miRNA methylation to modulate miRNA accumulation.
Our results suggest that the AGO1-containing RISC complex may undergo programming to reflect each bound miRNA,
determining a defined, distinct decay destiny. Finally, we have developed novel visualization tools, highly customized for plant
small RNA data, useful for the analysis of these another datasets in Arabidopsis and other plant genomes.

GLOBAL ANALYSIS OF RNA SECONDARY STRUCTURE IN ARABIDOPSIS
Brian D. Gregory* (Department of Biology, Penn Genome Frontiers Institute, and Genomics and Computational Biology
Graduate Program, University of Pennsylvania, Philadelphia, PA, USA), Qi Zheng (Department of Biology and Penn Genome
Frontiers Institute, University of Pennsylvania, Philadelphia, PA, USA), Jamie Yang (Department of Biology, University of
Pennsylvania, Philadelphia, PA, USA), Isabelle Dragomir (Department of Biology, University of Pennsylvania, Philadelphia, PA,
USA), Jixian Zhai (Delaware Biotechnology Institute, University of Delaware, Newark, DE USA), Blake Meyers (Delaware
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Biotechnology Institute, University of Delaware, Newark, DE USA), Fan Li (Department of Biology, Penn Genome Frontiers
Institute, and Genomics and Computational Biology Graduate Program, University of Pennsylvania, Philadelphia, PA, USA)
bdgregor@sas.upenn.edu
The functional structure of all biologically active molecules is dependent on intra- and inter-molecular interactions. This is
especially evident for RNA molecules whose functionality, maturation, and regulation requires formation of correct secondary
structure through encoded base-pairing interactions. Unfortunately, intra- and inter-molecular base-pairing information is lacking
for most RNAs. To address this gap, we have developed a high-throughput, sequencing-based, structure-mapping approach to
identify the paired (double-stranded RNA (dsRNA)) and unpaired (single-stranded RNA(ssRNA)) components of eukaryotic
transcriptomes. We have recently used this approach to probe these components of the Arabidopsis transcriptome, allowing us
to identify features of RNA secondary structure in this model plant. In fact, we revealed key structural patterns across proteincoding transcripts that indicate that RNA folding demarcates regions of protein translation in plant mRNAs. Additionally, we
uncovered that ss- and dsRNAs are significantly correlated with specific epigenetic modifications. Using this approach, we have
also identified new small (sm)RNA-producing substrates of Arabidopsis RNA-dependent RNA polymerases (RDRs). Finally, we
have discovered numerous mRNAs whose folding pattern is significantly correlated between Arabidopsis, Medicago, and
soybean, suggesting that their structure has some function. Overall, our findings provide a global assessment of RNA folding
and its conservation in plants.

DELIVERY OF CUSTOM TRANSCRIPTION ACTIVATOR LIKE EFFECTOR PROTEINS PROVIDES A NON-TRANSGENE,
SEQUENCE-SPECIFIC APPROACH FOR PROMOTER ACTIVATION IN VARIOUS PLANT SPECIES
Janett Elsaesser* (LMU Munich, Germany), Robert Morbitzer (LMU Munich, Germany), Israel Ramirez (LMU Munich,
Germany), Orlando De Lange (LMU Munich, Germany), Annett Strauß (LMU Munich, Germany), Thomas Lahaye (LMU Munich,
Germany)
janett.elsaesser@bio.lmu.de
Members of the plant-pathogenic bacterial genus Xanthomonas inject transcription activator-like effector (TALE) proteins that
contribute to disease or trigger immune reactions by transcriptional activation of TALE-specific host susceptibility (S) or
resistance (R) genes, respectively. The central DNA-binding domain of TALE proteins is composed of tandem-arranged
imperfect repeat-modules of 34-35 amino acids. Previous studies have shown that each TALE repeat binds to one base in the
corresponding DNA target sequence and that repeat residues 12 and 13 define their base specificity. Custom TALE repeat
arrays therefore show tremendous potential as molecular tools to target corresponding fusion proteins to any desired DNA
sequence. We have established a Golden Gate cloning approach that facilitates the rapid assembly of multiple repeat-encoding
DNA fragments that translate into designer TALEs (dTALEs) with pre-defined DNA binding specificity. We also established a
corresponding broad-host-range vector that facilitates in planta delivery of multiple TALE proteins via the Xanthomonas or
Pseudomonas type-III secretion system. In contrast to many other approaches this is a non-transgene approach that does not
involve delivery of gene constructs (e.g. T-DNA) in plant cells. Recent progress in the development of this technology will be
presented.
Plenary Session: Responses to the Abiotic Environment
SENSING AND RESPONDING TO PROLONGED COLD IN THE DECISION TO FLOWER
Caroline Dean* (John Innes Centre, Norwich, UK)
caroline.dean@jic.ac.uk
Plants integrate multiple environmental cues to judge when to flower. One of these cues is prolonged cold which accelerates
flowering in a process termed vernalization. Our current view of the vernalization pathway in Arabidopsis has been built up
though identification of mutants and analysis of the corresponding gene functions, complemented by chromatin biochemistry.
The vernalization pathway in Arabidopsis mediates the silencing of a MADS box transcriptional repressor, FLC, by a conserved
Polycomb chromatin silencing mechanism. The talk will describe our understanding of the role of cold temperature in this
process, the induction of non-coding transcripts and nucleation of chromatin silencing at a specific site. This is followed by the
spreading of the silencing across the body of FLC, a feature required for the epigenetic stability. We are currently also analysing
cold-induced changes in nuclear organization. Arabidopsis accessions have adapted to a wide range of latitudes and climates
and show considerable variation in vernalization response. Cis variation at FLC appears to be an important component of this
variation resulting in quantitative variation in the epigenetic silencing process. Our current understanding of this variation will be
discussed.

DEHYDRATION AND ABSCISIC ACID-INDUCED STRESS SIGNALING
Erwin Grill* (Technische Universität München; Germany), Alexander Christmann (Technische Universität München; Germany),
Michal Kepka (Technische Universität München; Germany), Christian Wellmann (Technische Universität München; Germany)
erwin.grill@wzw.tum.de
Water deficit in plants generates a hydraulic signal that provides a rapid long distance communication of the water status
between root and shoot. The hydraulic signal is converted into a chemical signal by an unknown mechanism for eliciting ABA
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responses such as stomatal closure and stress-responsive gene expression. Besides ABA, ABA metabolites such as the ABA
precursor xanthoxin and the catabolite phaseic acid have been proposed as signals of ABA responses. Analyses of ABA
precursors and catabolites for physiological activity in Arabidopsis and for their regulatory capacity on isolated ABA receptor
complexes, however, do not support such a signal function. We used a genetic approach to identify signaling components for
long and short distance communication of water deficit. The analysis identified a CDPK, calcium-dependent protein kinase or
calmodulin domain-like protein kinase, as a critical component of ABA responses. Calcium mobilization plays a prominent
though mysterious role in ABA signalling. The identified CDPK offers now a key to elucidate calcium integration into abiotic
stress responses.

RECEPTOR-LIKE KINASES AND ROS PERCEPTION IN ARABIDOPSIS
Jaakko Kangasjärvi* (University of Helsinki, Finland)
Jaakko.kangasjarvi@helsinki.fi
Reactive oxygen species (ROS) have important roles in many aspects of plant life including the response to biotic stimuli,
abiotic stresses and also developmental cues. While production mechanisms for ROS are relatively well understood the
perception of ROS signals inside and outside the cell has remained unresolved. We have identified proteins that might serve as
ROS sensors in stress and developmental regulation. Members of a family of receptor-like kinases (RLKs) with a conserved
domain structure containing two copies of the DUF26 domain in their extracellular region, Cysteine-rich RLKs (CRKs) are
involved in mediating the effects of ROS. The CRKs are a large subfamily of RLKs with 44 members in Arabidopsis with a high
level of sequence similarity. The cysteins in the extracellular DUF26 domains could form a sensory domain for ROS. A large
number of CRKs is regulated transcriptionally in response to extracellular ROS, but not intracellular ROS originating from light
stress. Mutants for all Arabidopsis CRKs has revealed individual CRK genes/proteins involved in various ROS-related
processes. A small extracellular protein, GRIM REAPER (GRI), which contains protein domains related to DUF26, is also
involved in ROS responses and the regulation of cell death. A peptide derived from the GRI protein induces superoxidedependent cell death in Arabidopsis leaves. We have tested cell death induction through GRI-peptide in RLK mutant lines and
identified an LRR-type RLK which is a receptor for GRI in the induction of cell death.
Plenary Session: Cell Biology
CHEMICAL BIOLOGY: TOWARDS A SYSTEMS VIEW OF THE ENDOMEMBRANE NETWORK
Natasha Raikhel* (University of California, Riverside, USA), Glenn Hicks (University of California, Riverside, USA)
nraikhel@ucr.edu
An important direction toward making chemical biology an approach to extract systems-wide information is the generation of
extensive small molecule sets that cover a wide protein target space within the network of interest. Inherent in this concept is
the ability to systematically organize and present complex phenotypes that show useful information. At the moment, one of the
best examples of this approach is recent developments in endomembrane trafficking in plants.

AUXIN-DEPENDENT DIFFERENTIAL GROWTH CONTROL
Jürgen Kleine-Vehn* (Department for Applied Genetics and Cell Biology; BOKU, Vienna), Elke Barbez (Department for Applied
Genetics and Cell Biology; BOKU, Vienna and Department of Plant System Biology; VIB, Ghent), Chloe Beziat (Department for
Applied Genetics and Cell Biology; BOKU, Vienna), Elena Feraru (Department for Applied Genetics and Cell Biology; BOKU,
Vienna), Mugurel Feraru (Department for Applied Genetics and Cell Biology; BOKU, Vienna), Christian Löfke (Department for
Applied Genetics and Cell Biology; BOKU, Vienna), Michel Ruiz Rosquete (Department for Applied Genetics and Cell Biology;
BOKU, Vienna)
juergen.kleine-vehn@boku.ac.at
The phytohormone auxin is crucial to plant development and patterning by regulating cellular elongation and division rates. To
obtain mechanistic insights into differential growth regulation in plants, we investigate upstream and downstream components
that execute or instruct auxin-dependent differential growth regulation on subcellular, cellular, tissue, and organ level. The
spatio-temporal distribution of auxin depends on a complex interplay between auxin metabolism and cell-to-cell auxin transport.
On an organ level we perform comparative studies of main and lateral roots that display distinct, characteristic growth behaviors
towards external stimuli such as gravity. Our data suggest that auxin is a rate-limiting factor to establish gravitropic set-point
angles (GSA) of lateral roots. The GSA establishment quantitatively depends on the rate of PIN auxin efflux carrier-dependent
asymmetric auxin reflux in gravity sensing lateral root columella cells. Subsequently, auxin is translocated to the root epidermis
where it eventually triggers asymmetric growth responses. Furthermore, to decipher growth integration of neighboring cells, we
particularly concentrate on meristematic root epidermal cells, because they are regularly spaced into smaller and bigger
epidermal cell files. Using this model system for epidermal cell size determination, we investigate auxin-dependent mechanisms
of turgor-induced cellular growth. Finally to study growth regulation on cellular level, we focus on a novel putative auxin carrier
family (designated as the PILS proteins) that links intracellular auxin accumulation processes at the endoplasmic reticulum (ER)
with conjugation-based inactivation of free auxin. Cellular sensitivity to auxin at least in part depends on PILS protein activity,
indicating that intracellular auxin transport at the ER is an important growth determinant in plants.
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REGULATION OF TRANSPORT AND GROWTH IN RESPONSE TO BORON
Toru Fujiwara* (University of Tokyo, Tokyo, Japan)
atorufu@mail.ecc.u-tokyo.ac.jp
Plant growth depends on nutrients from soil. Depending on nutrient availability, plants modulate transport activity of nutrients
and growth patterns. Boron is an essential element for plants but also toxic in excess. It is crucial to regulate boron transport
and growth patterns in response to boron conditions. Arabidopsis thaliana carries two types of boron transporters BORs and
NIPs and regulate their expression in response to boron condition. BOR1 and NIP5;1 are upregulated under conditions of
boron deficiency with different mechanisms. BOR1 is regulated at the level of protein accumulation and NIP5;1 at the mRNA
stability. In this presentation, I would like to describe briefly the history of the boron transporter studies followed by introduction
of recent topics of the mechanisms of acclimation to low and high boron conditions. The first one is regulation of NIP5;1
transcript through mRNA degradation. Accumulation of the NIP5;1 transcript is upregulated under B deficiency in A. thaliana
roots. To elucidate the mechanism of regulation, deletion construct of the NIP5;1 promoter region and the 5’ untranslated
region (5’ UTR) were analyzed. It was found that a 18 bp region in the 5’ UTR is responsible for NIP5;1 transcript accumulation
in response to B conditions. It was found that high-B conditions trigger NIP5;1 mRNA degradation and that the 18 bp region of
the 5’ UTR is required for this mRNA destabilization. The other topic is acclimation to high boron conditions. We identified A.
thaliana mutant overly sensitive to high boron conditions and found that condensin II is involved in high B acclimation. It is also
found that excess B induce DNA double strand brakes and this is likely to be the cause of inhibition of root elongation under
high B. Moreover, condensin II is likely to be involved in high boron tolerance through modification of DNA double strand
brakes. These regulatory mechanisms are part of the complex plant mechanisms to acclimate a wide range of nutrient
conditions and are foundation for plant productivity under marginal conditions.
Current Session: Plant Hormones
CHEMICAL PROTECTION AGAINST WATER DEFICIT BY A SYNTHETIC ABA AGONIST
Sean Cutler* (Dept. of Botany and Plant Sciences and the Center for Plant Cell Biology, University of California-Riverside,
Riverside CA, USA), Masanori Okamoto (Dept. of Botany and Plant Sciences and the Center for Plant Cell Biology, University of
California-Riverside, Riverside CA, USA), Francis Peterson (Dept. of Biochemistry, Medical College of Wisconsin, Milwaukee,
WI, USA), Brian Volkman (Dept. of Biochemistry, Medical College of Wisconsin, Milwaukee, WI, USA), Andrew Defries (Dept. of
Botany and Plant Sciences and the Center for Plant Cell Biology, University of California-Riverside, Riverside CA, USA)
sean.cutler@ucr.edu
Abscisic acid controls many of its cellular responses by binding to a family of soluble receptors called PYR/PYL/RCAR
(Pyrabactin Resistance 1 / PYR1-like / Regulatory Component of ABA Receptor) proteins, which belong to the large START
superfamily of ligand-binding proteins. When agonists bind to these receptors, contacts between a mobile gate loop and agonist
stabilize gate closure, which allows the receptors to dock into and inhibit the active site of clade A PP2Cs. The complex is
further stabilized by a water-mediated contact between the PP2C’s lock tryptophan residue and ABA’s ring ketone. We
previously described the synthetic ABA agonist pyrabactin, which selectively activates the seed ABA response pathway in
Arabidopsis via activation of PYR1. Pyrabactin fails to elicit vegetative ABA responses, which suggests that a pan agonist (one
that activates all ABA receptors) might be required for vegetative pathway activation. To examine this, we screened ~75,000
compounds for ABA agonists using plant and yeast-based receptor assays. Our efforts yielded a potent new agonist,
quinabactin, which activates 5 of the 13 Arabidopsis ABA receptors with ABA-like potency. An x-ray structure of a PYL2quinabactin-PP2C complex suggests that quinabactin’s potency is conferred by its ability to engage the PP2C tryptophan lock,
closely mimicking ABA’s binding mode. Transcript profiling reveals that quinabactin’s effects are nearly indistinguishable from
exogenous ABA applications. Moreover, quinabactin applications trigger guard cell closure, suppress water loss and promote
strong drought tolerance in Arabidopsis. Thus, activation of a restricted set of ABA receptors is sufficient to activate the
vegetative ABA response pathway. The isolation of quinabactin demonstrates that ABA receptors can be “drugged” to elicit
protection against drought stress.

ENDOCYTIC REGULATION OF BRASSINOSTEROID SIGNALING
Eugenia Russinova* (Department of Plant Systems Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and
Bioinformatics, Gent University, Gent, Belgium), Niloufer G. Irani (Department of Plant Systems Biology, VIB, Gent, Belgium.
Department of Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium), Simone Di Rubbo (Department of Plant
Systems Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium),
Evelien Mylle (Department of Plant Systems Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and
Bioinformatics, Gent University, Gent, Belgium), Jos Van den Begin (Laboratory for Organic and Biomimetic Chemistry,
Department of Organic Chemistry, Gent University, 9000 Gent, Belgium), Joanna Schneider-Pizoń (Department of Plant
Systems Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium),
Jaroslava Hniliková (Institute of Organic Chemistry and Biochemistry ASCR, Prague, Czech Republic), Miroslav Šíša
(Laboratory of Growth Regulators, Palacký University and Institute of Experimental Botany ASCR, Olomouc, Czech Republic),
Dieter Buyst (Laboratory for Organic and Biomimetic Chemistry, Department of Organic Chemistry, Gent University, Gent,
Belgium), Josep Vilarrasa-Blasi (Department of Molecular Genetics, Centre for Research in Agricultural Genomics CSICIRTAUAB, Barcelona, Spain), Anna-Mária Szatmári (Department of Plant Systems Biology, VIB, Gent, Belgium. Department of
Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium), Daniël Van Damme (Department of Plant Systems
Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium), Kiril
Mishev (Department of Plant Systems Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and Bioinformatics, Gent
University, Gent, Belgium), Mirela-Corina Codreanu (Department of Plant Systems Biology, VIB, Gent, Belgium, Department of
Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium), Ladislav Kohout (Institute of Organic Chemistry and
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Biochemistry ASCR, Prague, Czech Republic), Miroslav Strnad (Laboratory of Growth Regulators, Palacký University and
Institute of Experimental Botany ASCR, Olomouc, Czech Republic), Ana I. Caño-Delgado (Department of Molecular Genetics,
Centre for Research in Agricultural Genomics CSIC-IRTAUAB, Barcelona, Spain), Jiří Friml (Department of Plant Systems
Biology, VIB, Gent, Belgium. Department of Plant Biotechnology and Bioinformatics, Gent University, Gent, Belgium),
Annemieke Madder (Laboratory for Organic and Biomimetic Chemistry, Department of Organic Chemistry, Gent University,
Gent, Belgium)
jenny.russinova@psb.vib-ugent.be
Receptor-mediated endocytosis is an integral part of signal transduction as it attenuates signaling and provides spatial and
temporal dimensions to signaling events. BRASSINOSTEROID INSENSITIVE1 (BRI1) perceives its ligand, the brassinosteroid
(BR) hormone at the cell surface and is constitutively endocytosed. However, the importance of endocytosis for BR signaling
remains unclear. We recently developed a bioactive, fluorescent BR and visualized the endocytosis of BR receptor-ligand
complexes in living Arabidopsis cells. Genetic, biochemical and pharmacological analyses revealed clathrin- and ARF GEFdependent endocytic regulation of BR signaling from the plasma membrane.

REGULATION OF INFLORESCENCE ARCHITECTURE BY NOVEL PEPTIDE HORMONES VIA COMMUNICATION
BETWEEN ENDODERMIS AND PHLOEM
Naoyuki Uchida* (NAIST, Japan), Jin Suk Lee (University of Washington, USA), Robin J. Horst (University of Washington,
USA), Hung-Hsueh Lai (University of Washington, USA), Ryoko Kajita (Osaka University, Japan), Tatsuo Kakimoto (Osaka
University, Japan), Masao Tasaka (NAIST, Japan), Keiko U. Torii (University of Washington, USA; HHMI, USA; JST, Japan)
n-uchida@bs.naist.jp
The body of higher plants consists of a number of various types of cells. Therefore, cell-cell communications are required for
elaborate morphogenesis. However, there have been a limited number of examples of such communications, especially via
established ligand-receptor pairs. Here we introduce that a novel cell-cell communication via a newly identified ligand-receptor
pair plays an important role in morphological regulation. Loss-of-function mutations in Arabidopsis ERECTA (ER) gene
dramatically modify inflorescence architecture. Though the original er mutant was established in 1950’s, there has been so far
no significant progress to gain insights into the inflorescence regulation by ER, except for cloning of the responsible gene that
encodes a trans-membrane type receptor kinase. This implies the existence of the inflorescence regulation by yet-unknown
ligands for ER. We show that, among various expression domains of ER, its expression in phloem was sufficient to rescue the
er inflorescence phenotype. Furthermore, we identified EPFL4 and EPFL6/CHAL, two of the eleven members of the EPFL
family of secreted cysteine-rich peptide hormones, as ligands for ER in the inflorescence regulation. epfl4 epfl6 double mutant
displayed the identical inflorescence morphology to er mutant. These ligands were specifically transcribed in endodermis and
physically interacted with ER. These results indicate that the endodermis-phloem communication by the EPFL4/6-ER ligandreceptor pair plays a significant role in regulation of inflorescence architecture.

AUXIN SIGNALING IN MOSS AND ARABIDOPSIS
Mark Estelle* (University of California, San Diego, USA)
mestelle@ucsd.edu
Auxin regulates a bewildering array of processes during plant growth and development. This complexity contrasts with the
apparent simplicity of the auxin-signaling pathway. Auxin regulates transcription through the TIR1/AFB-Aux/IAA-ARF pathway.
TIR1/AFB
The hormone directly binds to the F-box protein of the SCF
ubiquitin protein ligase E3 and promotes an interaction with
the Aux/IAA transcriptional repressors, thus stimulating their degradation. Loss of the Aux/IAAs permits ARF-dependent
transcription. In the case of the TIR1/AFB proteins, recent results indicate that different members of the family have distinct
activities both with respect to auxin binding and Aux/IAA interaction. We are currently exploring the possibility that these
differences contribute to the complexity of auxin response. We are also investigating the downstream transcriptional networks
that mediate auxin-dependent growth responses. Finally, we are using the bryophyte Physcomitrella patens to identify ancestral
components of auxin signaling pathways. Our results indicate that the mechanism of auxin signaling is conserved in land plants.

A NOVEL PUTATIVE AUXIN CARRIER FAMILY REGULATES INTRACELLULAR AUXIN HOMEOSTASIS IN PLANTS
Elke Barbez* (University of Natural Resources and Life Siences, Austria; VIB and Ghent University, Belgium), Martin Kubes
(The Academy of Sciences, Czech Republic), Jakub Rolcik (Palacký University and Institute of Experimental Botany AS CR,
Czech Republic), Chloe Beziat (University of Natural Resources and Life Siences, Austria), Aleš Pěnčík (Palacký University,
Czech Republic), Bangjun Wang (University of Fribourg, Switzerland), Michel Ruiz Rosquete (University of Natural Resources
and Life Siences, Austria), Jinsheng Zhu (University of Fribourg, Switzerland), Petre I Dobrev (The Academy of Sciences,
Czech Republic), Yuree Lee (University of Lausanne, Switzerland), Eva Zazimalova (The Academy of Sciences, Czech
Republic), Jan Petrasek (The Academy of Sciences, Czech Republic), Markus Geisler (University of Fribourg, Switzerland), Jiri
Friml (VIB and Ghent University, Belgium), Jürgen Kleine-Vehn (University of Natural Resources and Life Siences, Austria; VIB
and Ghent University, Belgium)
elke.barbez@boku.ac.at
The phytohormone auxin acts as a prominent signal, providing, by its local accumulation or depletion in selected cells, a spatial
and temporal reference for changes in the developmental program. The distribution of auxin depends on both auxin metabolism
Current Session: Plant Hormones
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(biosynthesis, conjugation and degradation) and cellular auxin transport. We identified in silico the novel putative auxin transport
facilitator family, called PIN-LIKES (PILS). Here, we illustrate that PILS proteins are required for auxin-dependent regulation of
plant growth by determining the cellular sensitivity to auxin. PILS proteins regulate intracellular auxin accumulation at the
endoplasmic reticulum and thus auxin availability for nuclear auxin signalling. PILS activity affects the level of endogenous auxin
indole-3-acetic acid (IAA), presumably via intracellular accumulation and metabolism. Our findings reveal that the transport
machinery to compartmentalize auxin within the cell is of an unexpected molecular complexity and demonstrate this
compartmentalization to be functionally important for a number of developmental processes.

THE TRANS-ZEATIN-TYPE CYTOKININ IS INDISPENSABLE FOR SHOOT GROWTH REGULATION IN ARABIDOPSIS
Takatoshi Kiba* (RIKEN PSC, Japan), Kentaro Takei (RIKEN PSC, Japan), Mikiko Kojima (RIKEN PSC, Japan), Hitoshi
Sakakibara (RIKEN PSC, Japan)
tkiba@psc.riken.jp
Cytokinins (CKs) are a class of phytohormones that play key roles in various processes of plant growth and development. The
6
2
major CKs in Arabidopsis thaliana are N -(∆ -isopentenyl)adenine (iP) and trans-zeatin (tZ). They slightly vary at the prenyl side
chain structure that tZ has a hydroxyl group at the trans-end of the side chain while iP dose not. Although both are highly active
in bioassays, they are different in the binding affinity to CK receptors and tissular distribution, suggesting that they have different
physiological function. To elucidate the functional difference between iP and tZ, we analyzed Arabidopsis mutants of CYP735A1
and CYP735A2 genes, whose gene products catalyze the hydroxylation of iP-type CKs to generate tZ-type CKs. No significant
difference in CK amount and composition was observed in single knockout mutants, cyp735a1 and cyp735a2, compared with
wild type (WT). In the cyp735a1cyp735a2 double mutant (cypDM), the amount of tZ-type CKs was 97% lower, while that of iPtype CKs was higher than WT. This result demonstrates that CYP735A1 and CYP735A2 are required to produce tZ-type CKs in
Arabidopsis. The cypDM displayed significant retardation in shoot growth including reduction in shoot apical meristem and
rosette leaf size, and inflorescence stem length. On the other hand, root growth was less affected in the double mutant. The
mutant phenotypes were partially complemented by exogenous application of tZ, but not by iP, indicating that tZ is required for
normal shoot growth and that tZ and iP have distinct physiological roles. It could be hypothesized that the ligand specificity and
differential gene expression of CK receptors, AHK2, AHK3 and AHK4/CRE1 underlies this distinction. To test this hypothesis,
we are examining genetic interaction between CYP735As and AHKs using multiple mutants of these genes.
Current Session: MASC Roadmap: The Next Decade of Arabidopsis Research
RESPONDING TO THE COMMUNITY - THE INTERNATIONAL ARABIDOPSIS INFORMATICS CONSORTIUM AND
DEVELOPMENT OF THE ARABIDOPSIS INFORMATICS PORTAL
Blake C Meyers* (University of Delaware, USA)
meyers@dbi.udel.edu
The International Arabidopsis Informatics Consortium (IAIC) was initiated following two community-organized workshops held in
2010 to address increasing bioinformatics needs for Arabidopsis data and in response to funding concerns for the community’s
primary database, TAIR. The goal of this community-led international initiative is to manage the increasing amounts and types
of data and to leverage growing resources, knowledge, and collaborations. The Arabidopsis Information Portal (AIP) is the
underlying infrastructure of the IAIC and will interact with and link to resources across the globe. The AIP will consist of a
distributed system of data, tools and resources that would be funded by a variety of sources under an international management
and scientific advisory board. It will be dynamic and represent the evolving needs and capacities of the community while
reflecting the funding interests of the respective countries. The core of the AIP initially will consist of four parts: 1) the portal; 2)
the “gold-standard” genome annotation; 3) genome/sequence curation of data on gene functions; and 4) stocks and resources
databases. Once the AIP is established and accessible by the community, additional modules can be linked in, allowing data
integration. A major event in the development of the core AIP was the ‘Design Workshop’ held in December, 2011 which started
the discussions necessary to secure critical AIP funding sources. This talk will outline the key outcomes of the Design Workshop
and what the next steps are for AIP development.

QUANTITATIVE BIOLOGY: USING MATHEMATICAL MODELS AND FLUORESCENT REPORTERS TO CHARACTERIZE
HORMONE DYNAMICS
Leah R Band* (University of Nottingham, UK)
leah.band@nottingham.ac.uk
Traditionally, Arabidopsis researchers have very successfully employed a qualitative approach, primarily involving genetics to
characterize plant growth and development. In the coming decade, researchers will increasingly adopt a quantitative approach
in order to address the mechanisms underlying dynamic processes. At the Centre for Plant Integrative Biology, we are
investigating the auxin dynamics at the root tip using mathematical models in conjunction with the new auxin sensor, DIIVENUS. DII-VENUS is rapidly degraded by auxin via a network of interactions; developing a parameterized model of this
network has enabled us to use DII-VENUS to quantify auxin dynamics during rapid developmental responses. We first
considered auxin redistribution after a 90º gravitropic stimulus. Our quantitative approach revealed that (i) auxin is rapidly
redistributed to the lower side of the root within minutes of the gravity stimulus and (ii) auxin asymmetry is rapidly lost as
bending root tips reached an angle of 40º. We hypothesized that roots use a 'tipping point' mechanism that operates to reverse
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the asymmetric auxin flow at the midpoint of root bending. Having characterized the DII-VENUS dynamics, we investigated the
auxin distribution at the root tip by developing a multi-cellular model of auxin transport and DII-VENUS degradation. Quantitative
comparisons between the model predictions and observed DII-VENUS distributions provided insights into the role of the auxin
transporters, enabling us to test hypotheses as to the mechanisms behind the gravitropic response. Thus, our work
demonstrates the benefits of developing quantitative multiscale mathematical models in conjunction with hormone reporters to
investigate the dynamic mechanisms regulating plant growth and development.

AS EASY AS ABC: APPLYING THE CIRCADIAN CLOCK MODEL DEVELOPED IN ARABIDOPSIS TO BRASSICA CROPS
C. Robertson McClung* (Dartmouth College USA), Tim L. Aston (University of Wyoming USA), Marcus T. Brock (University of
Wyoming USA_ Jennifer Dechaine (Central Washington University USA), Brent E. Ewers (University of Wyoming USA),
Kathleen M. Greenham (Dartmouth College USA), Carmela R. Guadagno (University of Wyoming USA), Sarah L. Khan
(Dartmouth College USA), Ping Lou (Dartmouth College USA), Cynthia Weinig (University of Wyoming USA), Qiguang Xie
(Dartmouth College USA), Yulia Yarkhunova (University of Wyoming USA)
c.robertson.mcclung@dartmouth.edu
Arabidopsis thaliana has served as a model species for the study of the architecture and function of the circadian clock.
Experimental disruption of the clock via large-effect mutations reduces fitness. Therefore, it is of both academic and practical
interest to explore the extent to which the circadian clock model developed in Arabidopsis can be generalized to other plants,
especially crop plants, and to ask whether manipulation of the circadian clock can enhance agricultural yield. Accordingly, we
have extended our studies to Brassica rapa, an agricultural crop closely related to Arabidopsis. Using a recombinant inbred
population derived from cultivated oil seed and rapid cycling varieties we have mapped Quantitative Trait Loci for circadian
period, water use efficiency (WUE), shade avoidance, and other morphometric traits. There is striking colocalization of QTL for
circadian period with QTL for shade avoidance and WUE. Current efforts emphasize the exploration of the possible mechanistic
relationship underlying this colocalization. With regard to crop accessions, history of domestication appears to affect the
evolution of net carbon assimilation and stomatal conductance among replicates grown in either controlled or field settings,
Specifically, oil seed varieties have higher values of both traits than do cabbage and turnip vegetable crops and take longer to
recover from drought. Brassica rapa has undergone triplication through two whole genome duplication events since its
separation from Arabidopsis. This triplication has been followed by considerable fractionation (gene loss). Fractionation
following whole genome duplication is not random in that dosage sensitive genes, such as those that are highly networked or
those whose products contribute to protein complexes, are preferentially retained. We tested the hypothesis that circadian clock
genes, which are dosage sensitive, should be preferentially retained in B. rapa and found that this is indeed the case.

POPULATION EPIGENOMICS: INHERITANCE AND NATURAL VARIATION IN 1,001 ARABIDOPSIS GENOMES
Joseph R. Ecker*, Robert J. Schmitz, Matthew D. Schultz, Mattia Pelizzola, Mark A. Urich, Joseph Nery, Andrew Alix Ondrej
Libiger, Nicholas J. Schork
Genomic Analysis Laboratory, Howard Hughes Medical Institute, The Salk Institute for Biological Studies, La Jolla, CA, The
Scripps Translational Science Institute and the Department of Molecular and Experimental Medicine, The Scripps Research
Institute, La Jolla, CA, USA
ecker@salk.edu
Recent advances in genomic technologies have enabled the identification of genetic variants for hundreds of species. Moreover,
robust methods for linking genotype to phenotype using genome-wide association mapping have emerged. Landmark studies
using these techniques in a broad range of organisms have demonstrated the power of combining genomics with population
genetics for the investigation of phenotypic diversity. Although remarkable progress is being made in identifying some causal
variants, many remain elusive. One possible source of natural variants currently being overlooked is epigenetic alleles
(epialleles). These alleles often go undetected in a population because their defining signatures are not as obvious as a change
in DNA sequence. Epialleles often exhibit changes in their DNA methylation status, which is not trivially identified, and as a
result, very few epialleles have been uncovered across kingdoms. We have sequenced the genomes, DNA methylomes and
transcriptomes of hundreds of Arabidopsis thaliana accessions isolated from regions across the northern hemisphere to better
understand the interplay and impact of natural genetic, epigenetic and transcriptional variation on phenotypic diversity. In these
populations, we have identified thousands of differentially methylated regions, some of which are associated with genetic
variants whereas others have occurred spontaneously and independently of genetic variation. Determining the stability,
heritability and variability of epiallele formation, and the effects of the environmental influence on epiallele formation and their
possible role in shaping phenotypic variation are unresolved questions of interest.
Plenary Session: Natural Variation
ARABIDOPSIS THALIANA AS A MODEL SYSTEM FOR THE STUDY OF EVOLUTIONARY QUESTIONS
Detlef Weigel* (Max Planck Institute for Developmental Biology, Germany)
weigel@tue.mpg.de
We are investigating three main questions of evolution: (i) How, and how frequently, do new genetic variants arise? (ii) Why do
some variants increase in frequency? (iii) And why are some combinations of variants incompatible with each other? To this
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end, we are employing bottom-up and top-down approaches that rely heavily on large-scale sequencing. Whole-genome
sequencing supports a detailed description of the pan-genome of A. thaliana (http://1001genomes.org; Schneeberger et al.,
PNAS 108:10249 [2011]; Cao et al., Nat Genet 43:956 [2011]), it reveals mutational biases shaping the genome (Ossowski et
al. Science 327:92 [2010]), and it allows for rapid mapping of genes with major phenotypic effects (Schneeberger et al., Nat
Methods 6:550 [2009]). We have also investigated spontaneous epigenetic variation. We discovered that spontaneous
methylome changes are much more biased than DNA mutations. Furthermore, reversions are frequent, suggesting that most
epialleles are unlikely to contribute to long-term evolution (Becker et al., Nature 480:245). A major interest in the lab is the
analysis of fitness tradeoffs in immunity. A few years ago, we developed A. thaliana as a model for the study of hybrid necrosis,
a widespread syndrome of hybrid failure due to adverse autoimmune reactions (Bomblies et al., PLoS Biol 5:e236 [2007]).
Several of the causal loci are immune receptor genes, members of the most polymorphic gene family in plants. While most
hybrid necrosis systems involve two loci, autoimmunity can also be caused by inter-allelic interactions at a single locus that is
involved in a major fitness tradeoff between growth and pathogen resistance in inbred strains (Todesco et al., Nature 465:632
[2010]). We propose that evolutionary divergence of pathogen recognition systems can potentially result in reproductive
isolation and subsequent speciation, not only by random genetic drift, but also by divergent selection due to different pathogen
environments.

THE GENOMES AND GENETICS OF THE MAGIC POPULATION OF ARABIDOPSIS RECOMBINANT INBRED LINES
Richard Mott* (University of Oxford, UK), Xiangchao Gan (University of Oxford, UK), Paula Kover (University of Bath, UK),
Richard Clark (University of Utah, USA), Joshua Steffen (University of Utah, USA), Gunnar Rätsch (Sloan-Kettering Institute,
USA), Jonas Behr (Sloan-Kettering Institute, USA), Chris Toomajian (University of Kansas, USA), Oliver Stegle (MPI Tübingen,
Germany)
richard.mott@well.ox.ac.uk
The Arabidopsis thaliana MAGIC (Multiparental Advanced Generation InterCross) population is a set of over 700 recombinant
inbred lines descended from 19 accessions (Kover et al 2009, PLoS Genetics). Each MAGIC genome is a mosaic of these
founders, which we have sequenced and annotated with high fidelity (Gan et al 2011, Nature). In this talk we describe the
genomes of the founders, the genetic architecture of the MAGIC population, and their characteristics as a population for
mapping complex traits. The founder genomes contain over 3 million variable sites, and about half are common to more than
two founders. Unexpectedly, if the TAIR10 gene models are projected onto each genome, then one third of genes are predicted
to be severely disrupted in at least one accession. However, denovo reannotation of each genome, supported by RNA-seq
evidence, showed gene function was restored in over 90% of cases, usually by alternative splicing. This suggests different
haplotypes tend to specialize in the expression of distinct transcripts, and therefore can accumulate silent mutations that appear
to be deleterious. This emphasizes the importance of treating each accession of Arabidopsis as a reference genome in its own
right. Genetic mapping of cis-eQTLs in the founders showed that the causal variants cluster tightly around transcriptional start
sites. We have sequenced the MAGIC lines at low coverage in order to establish their genome mosaics and map crossover
breakpoints accurately. At a coarse scale, the mosaics are similar to those found previously using 1200 SNPs, but the sequence
data reveal dense clusters of breakpoints that were invisible, indicating recombination has been much more active in some loci
and lineages. Finally, we present data on the use of the MAGIC lines for mapping traits. We previously showed that QTLs could
be mapped to a resolution of about 300kb. By incorporating the founders’ sequences, and exploiting the rapid decay in linkage
disequilibrium in the founders, in some cases it is possible to improve mapping resolution to a handful of genes.

A NOVEL MECHANISM OF QUANTITATIVE AND BROAD SPECTRUM RESISTANCE TO BACTERIA EXHIBITS
BALANCING SELECTION IN ARABIDOPSIS
Fabrice Roux* (GEPV-CNRS, France), Marilyne Debieu (LIPM-CNRS-INRA, France), Carine Huard-Chauveau (LIPM-CNRSINRA, France), Laure Perchepied (LIPM-CNRS-INRA, France), Benjamin Brachi (University of Chicago, USA), Cedric Glorieux
(University of Lille, France), Nathalie Faure (University of Lille, France), Joy Bergelson (University of Chicago, USA), Dominique
Roby (LIPM-CNRS-INRA, France)
fabrice.roux@univ-lille1.fr
The failure of gene-for-gene resistance traits to provide durable and broad-spectrum resistance in an agricultural context has led
to the search for genes underlying quantitative resistance. Three quantitative resistance genes have recently been cloned in
crops; these genes encode diverse molecular functions underlying the durable and broad-spectrum resistance that they confer
against fungal pathogens. How host plants achieve quantitative resistance against other enemies remains largely unknown.
Xanthomonas campestris pv. campestris (Xcc) is a biotrophic bacteria that causes black rot disease, possibly the most
important disease of crucifers. It is also one of the most prevalent bacterial pathogens in natural populations of A. thaliana. We
report the identification, map-based cloning and functional validation of QRX3 (RKS1), an apparent pseudokinase that mediates
a novel resistance mechanism in plants. The association between variation in resistance and RKS1 transcription was confirmed,
and was localized by nested GWA mapping to the RKS1 cis-regulatory region. RKS1 confers resistance to several Xcc races
and thus is a broad-spectrum, quantitative resistance gene. As for R-genes, RKS1 harbors a long-lived polymorphism in A.
thaliana, suggesting that alternative resistance mechanisms share common selective pressures.
Plenary Session: Genetics and Genomics Beyond Arabidopsis thaliana
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ARABIDOPSIS HALLERI, A HEAVY-METAL TOLERANT MODEL SPECIES FOR STUDYING PLANT ADAPTATION TO
EXTREME ENVIRONMENTS
Ute Kraemer* (Ruhr University Bochum, Germany), Marc Hanikenne (University of Liège, Belgium), Juergen Kroymann (CNRS
Université Paris-Sud, France), Ricardo Stein (Ruhr University Bochum, Germany), Stephan Hoereth (University of Bayreuth,
Germany), Stephan Clemens (University of Bayreuth, Germany), Vasantika Singh (Ruhr University Bochum, Germany), Christa
Lanz (Max Planck Institute for Developmental Biology, Germany), Xi Wang (Max Planck Institute for Developmental Biology,
Germany), Detlef Weigel (Max Planck Institute for Developmental Biology, Germany), Ravikumar Mayakrishnan (Ruhr
University Bochum, Germany), Justyna Cebula (Ruhr University Bochum, Germany), Ines Kubigsteltig (Ruhr University
Bochum, Germany), Heike Hollaender-Czytko (Ruhr University Bochum, Germany)
ute.kraemer@rub.de
Arabidopsis halleri is among the few plant taxa capable of colonizing metalliferous soils that contain toxic levels of heavy metals.
-1
-1
The ability to accumulate exceptionally high metal concentrations of more than 10,000 µg g Zn and 100 µg g Cd in leaf dry
biomass places A. halleri in a group of about 500 so-called metal hyperaccumulator species known in the angiosperms. Using
comparative cross-species microarray hybridizations, it was previously shown that transcript levels of a number of genes with
predicted functions in metal homeostasis are substantially higher in A. halleri than in A. thaliana. One of these genes encodes
2+
2+
HEAVY METAL ATPase4 (HMA4), a P1B-type Zn - and Cd -pump that functions in metal export from specific cells. Silencing
through stable transformation of A. halleri with a CaMV 35S promoter-driven intron-spliced hairpin construct demonstrated that
HMA4 is necessary for both Zn hyperaccumulation and for the full extent of Cd and Zn hypertolerance. A combination of BAC
sequencing, gene copy-specific analyses of transcript levels by qRT-PCR and reporter gene assays showed that high HMA4
transcript levels in A. halleri result from a combination of gene copy number expansion and cis-regulatory mutations, when
compared to A. thaliana. Gene copy number expansion is common among metal homeostasis genes in A. halleri, but not in its
non-hyperaccumulating sister species A. lyrata. An analysis of nucleotide sequence diversity was conducted at the HMA4 locus
of A. halleri. The results will be discussed in the context of our hypothesis of selection for increased HMA4 gene dosage in A.
halleri. In a study aimed at understanding the molecular basis of intra-specific variation in leaf Cd and Zn accumulation, we have
analyzed field-collected leaf and rhizosphere soil samples of A. halleri individuals from more than 80 populations across Europe.
Phenotyping under controlled conditions and sequencing-based genotyping are currently in progress.

THE PLANT PAN-GENOMES: FROM ONE FOR ALL TO ALL FOR ONE
Michele Morgante* (Università di Udine and Istituto di Genomica Applicata, Udine, Italy)
michele.morgante@uniud.it
The analysis of variation in plants has revealed that their genomes are characterised by high levels of structural variation,
consisting of both smaller insertion/deletions, mostly due to recent insertions of transposable elements, and of larger
insertion/deletion similar to those termed in humans Copy Number Variants (CNVs). These observations indicate that a single
genome sequence might not reflect the entire genomic complement of a species, and prompted us to introduce the concept of
the plant pan-genome, including core genomic features common to all individuals and a Dispensable Genome (DG) composed
of partially shared and/or non shared DNA sequence elements. The very active transposable element systems present in many
plant genomes may account for a large fraction of the DG. The mechanisms by which the CNV-like variants are generated and
the direction of the mutational events are still unknown. Uncovering the intriguing nature of the DG, i.e. its composition, origin
and function, represents a step forward towards an understanding of the processes generating genetic diversity and phenotypic
variation. Additionally, since the DG clearly appears to be for the most part the youngest and most dynamic component of the
pan genome, it is of great interest to understand whether it is a major contributor to the creation of new genetic variation in plant
evolution as well as in the artificial selection processes of plant breeding. We will discuss the extent and composition of the pan
genome in different plant species, the different mechanisms that generate and maintain the dispensable portion, the phenotypic
effects of the DG and the rates and modes of creation of new genetic variation due to DG components.

CONSTRUCTING A COMPREHENSIVE MAP OF RICE GENOME VARIATION FROM POPULATION-SCALE GENOME
SEQUENCING
Bin Han* (National Center for Gene Research, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, Shanghai, China), Xuehui Huang (National Center for Gene Research, Institute of
Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, China)
bhan@ncgr.ac.cn
The cultivated rice (Oryza sativa), which is grown worldwide and is one of the most important crops, is considered to be
domesticated from wild rice (Oryza rufipogon) thousands of years ago. Human ancestors made great efforts and took a long
time to improve wild rice to better suit the needs of human, and finally created a new species containing inherent differences
from its progenitor. The differences are reflected in a wide range of morphological and physiological traits. The current rice
germplasm reserved in the world will be the most important resource for rice genetic improvement for humanity. So it is
imminent to profile the genetic diversity of both wild and cultivated rice species for breeding elite variety and preservation of rice
germplasm. To draw a comprehensive map of rice genome variation, we collected wild rice and cultivated rice germplasm
throughout the entire geographic range of O. sativa and O.rufipogon in the world. We sequenced and analyzed the genomes of
the collected rice germplasm. The constructed map of rice genome variation thus enabled genome-wide association studies
(GWAS) for many agronomic traits, investigation of the domestication processes and identification of domestication associated
genes. This study provides an important resource for rice breeding and demonstrates an effective genomics approach for crop
domestication research. The results and discussion will be presented.
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Current Session: Lifting Yield Barriers in Breeding
WHERE HAVE ALL THE QTL GONE?
Dani Zamir* (The Institute of Plant Science and Genetics in Agriculture, The Faculty of Agriculture, The Hebrew University of
Jerusalem, Rehovot, Israel)
zamir@agri.huji.ac.il
Phenotyping is a rate-limiting activity in genomic research. Plant geneticists and breeders have generated over the past decade
numerous Mendelian populations that segregate for genetically mapped quantitative trait loci (QTL). Information about the map
positions of QTL is included in more than 5000 publications but only a small fraction of raw data finds its way into existing
genomic databases. As opposed to sequence and expression data that need to be deposited in appropriate databases upon
publication, the raw data of replicated phenotypic measurements are not deposited in any public repository and are usually lost.
A major bioinformatic challenge facing the research community is to develop web-based resources to display the details of
complex phenotypes to uncover hidden biological knowledge. Phenom Networks http://www.phenome-networks.com provides
such a platform where researchers can share data and compare their phenotypes and analyses to those that have already been
deposited in the database to identify wider pleiotropic links. Uniting data from multiple syntenic crops on a common framework
will enable the identification of common and unique bottlenecks for crop productivity and the formulation of rational strategies for
genomic assisted breeding. The future sharing of phenomic data is the key for continuity of collaborative projects both in
academic labs and the seed industry, and this vision will be demonstrated using results from our laboratory. What we eat are
phenotypes - in view of the need to achieve global food security it is high time that we find efficient ways to link traits with
genomes.

SEQUENCE-BASED GENOME-WIDE ASSOCIATION STUDY OF COMPLEX TRAITS IN RICE
Bin Han* (National Center for Gene Research, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, Shanghai , China), Xuehui Huang (National Center for Gene Research, Institute of
Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai, China)
bhan@ncgr.ac.cn
Rice (Oryza sativa L.) is the staple food for more than half of the world population. After thousands of years of cultivation, rice
landraces have accumulated an enormous of important agronomic traits, which are invaluable genetic resources for breeding
elite varieties for sustainable agriculture. Moreover, rice has a high-quality reference genome sequence and the self-fertilization
system that allows simplified haplotype identification and repeated phenotyping for genome-wide association study （GWAS）.
Now direct resequencing of a large number of rice genomes is becoming available, by which we can discovery and,
simultaneously, genotype extensive sequence variations of natural population unambiguously, providing a significant advantage
over the use of oligonucleotide arrays for GWAS. However, identifying the associated loci with complex traits in rice is still
challenging. This is because O.sativa contains indica and japonica subspecies with high levels of population differentiation. In
our studies, we used a much broader and larger sample of world-wide rice cultivars. We also developed a novel analytical
framework to assemble low-coverage sequences of different gene alleles. This approach was used to detect single nucleotide
polymorphisms (SNPs) and complex polymorphisms such as short insertions and deletions (indels). This facilitated detailed
study of any target locus. The broader sampling greatly enhanced the power of GWAS of complex traits. The results and
discussion will be presented.

ARABIDOPSIS THALIANA AS A MODEL PLANT IN A BIOTECH COMPANY
Ron Vunsh* (Evogene, Israel), Alin Sela-Brown (Evogene, Israel)
Ron.vunsh@evogene.com
Arabidopsis Thaliana Var. Columbia is used as a model plant for evaluating the effect of a new gene(s), with known protein
product (and activity), introduced into its genome, on a chosen trait. The main traits we are interested in are: Abiotic stress
(drought, salt), Nitrogen usage and Yield. The following system is used: A gene of a requested feature is cloned from a known
plant source and introduced into A. thaliana genome, using the 'Agrobacterium fluorescence buds dipping' method. The
nd
behavior (5-6 different parameters) of the 2 generation (T2) of the transgenic plants is observed daily during its growth and
compared to that of wild type plants. The effect of the introduced new gene in the transgenic plants is also measured, by
comparing growth parameters within the transgenic plants on different fertilizing and watering regimes, in the greenhouse, or
different composed media in tissue culture. The system for finding genes that will improve plant performance is based on our
unique ATHLETE™ 4.0 system. ATHLETE™ 4.0 relies on a series of proprietary tools and algorithms, which enables gene
discovery capabilities by integrating multiple levels of plant data types. ATHLETE™ 4.0 incorporates genomic data from over
200 plant species and more than 4,000,000 genes, thus enabling a comprehensive and accurate cross-species gene discovery
capabilities. This system is used to find genes which predicted to have an effect on a defined trait. After introducing a gene into
the model plant, its effect on plant performance is measured, with big statistically plant population, using specific parameters
which are tailored to the investigated trait. More than 500 new genes are identified and investigated every year. Results of their
validation tests are investigated and scored. Evogene has contracts with seed companies to supply genes to their investigation
pipeline of hybrid seed production.
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CHARACTERIZATION OF PARENTALLY-BIASED EVENTS DURING THE DEVELOPMENT OF THE ARABIDOPSIS SEED
ENDOSPERM USING NATIVE AUTOFLUORESCENCE
Jonathan Fitz Gerald* (Rhodes College, USA), Xiao Wang (Rhodes College, USA), Sara Beth Taylor (Rhodes College, USA)
fitzgeraldj@rhodes.edu
In Arabidopsis, parental genomic imprinting (PGI) has been characterized in the seed endosperm, which provides maternal
resources akin to the mammalian placenta. Loss of PGI in DNA methyltransferase mutants produces large or small seeds if the
mutation is inherited maternally or paternally, respectively. Although the mechanisms for imprinted gene expression have been
characterized extensively in select genes, less is known about the adaptive role or utilization of imprinted gene programs in wildtype plants. It is expected that PGI could lead to parent-of-origin effects or specific maternal/paternal interactions that might be
masked as a component of heterosis under traditional breeding schemes. Understanding the developmental programs
regulated by PGI may therefore provide clues to optimizing breeding strategies for seed size. We sought to identify cellular
events regulated by imprinted gene expression programs in Landsberg erecta (Ler) and Cape Verde Islands (Cvi) ascensions.
A parental bias is observed in these lines with Ler fathers promoting a transgressive large seed not seen in the reciprocal cross.
Using spectral analysis of autofluorescence in the seed, we isolated endosperm from surrounding maternal structures in these
non-transgenic natural variants. Reconstructed 3D endosperm models show that Cvi development involves an adaxial-abaxial
expansion not present in Ler, which restricts expansion on this axis maternally. Ler fathers, however, promote an anteriorposterior expansion. By following the progeny of these crosses and comparing them with the current Cvi x Ler recombinant
inbred lines we can assess the genetic architecture of this trait and the limits of a PGI-based breeding strategy.

Current Session: Systems Biology of Development
MOLECULAR NETWORKS REGULATING LEAF GROWTH
Dirk Inze* (Department of Plant Systems Biology, VIB, Ugent, Belgium)
Dirk.Inze@psb.ugent.be
Growth of plants and plant organs is orchestrated by complex molecular networks that integrates both intrinsic development
signals encoded by the genome as well as a wide variety of environmental cues such as light, availability of water and minerals,
temperature, e.a. Understanding the molecular composition and topology of these networks ultimately will accelerate advanced
breeding and gene engineering for higher yielding crops. We have chosen leaves as a model organ to understand growth and
size control mechanisms. As leaf growth is a quantitative trait, several (semi-) automated growth analysis platforms were
developed to analyze leaf growth over time. Detailed cellular and molecular analysis of numerous Arabidopsis mutants revealed
the existence of at least five mechanisms that contribute to final leaf size: i) the initial size of the leaf primordium; ii) cell cycle
duration; iii) the developmental timing of the transition from cell division to cell expansion; iv) the timing of meristemoid division;
and v) cell expansion. For each mechanism, multiple genes have been identified that when overexpressed or mutated enhance
leaf organ size. For example, cell cycle duration appears to be controlled by the ANAPHASE PROMOTING COMPLEX, a multiprotein E3 ligase that is involved in mitosis. On the other hand the transition from cell division to cell expansion during leaf
development is mediated by the gibberellic acid (GA) dependent activity of a chromatin remodeling complex. The latter appears
to play an important role as integrator of environmental signals. Furthermore, GA also was shown to have a pivotal function in
mediating leaf growth in maize and by engineering GA metabolism maize leaf that have a 40% increase in length were
obtained. We will discuss our current understanding of growth regulatory networks and how we can use this information to
improve crop yield.

CAMBIUM ACTIVITY – A MODEL FOR STUDYING THE REGULATION OF PLANT GROWTH PROCESSES ON MULTIPLE
LEVELS
Thomas Greb* (Gregor Mendel Institute, Austria), Javier Agusti (Gregor Mendel Institute, Austria), Klaus Brackmann (Gregor
Mendel Institute, Austria), Karin Grünwald (Gregor Mendel Institute, Austria), Nial Gursanscky (Gregor Mendel Institute,
Austria), Virginie Jouannet (Gregor Mendel Institute, Austria), Branislav Kusenda (Gregor Mendel Institute, Austria), Pablo
Sanchez (Gregor Mendel Institute, Austria), Stefanie Suer (Gregor Mendel Institute, Austria)
thomas.greb@gmi.oeaw.ac.at
The concept of single cells taking over special functions in interaction with other cells of a multicellular body is striking and
requires an extreme degree of complexity with respect to cell‐to‐cell communication within such a system. Lateral growth of
plant shoots and roots is based on the tissue‐forming properties of a lateral meristem called the cambium, the activity of which
leads to the production of secondary vascular tissue. Considering its function as a stem cell niche that is essential for the
constant production of new tissues, and its dependence on environmental cues, the cambium represents an ideal model for
addressing questions concerning the regulation of cell identity and how growth processes are aligned with endogenous and
exogenous requirements. Due to these attractive properties, we established Arabidopsis thaliana as a system to investigate
cambium activity and to reveal general concepts of growth and development of multicellular organisms. The combination of an
in vitro system for modulating cambium activity in Arabidopsis stem fragments, tissue-specific transcriptional profiling
approaches and natural variations between accessions allows the systemic dissection of a fundamental plant growth process on
multiple levels and of the adaptive value of cambium activity in plants. In particular, we discovered a role of the novel plant
hormones strigolactones in cambium stimulation. We use this regulatory interaction in a case study to address questions of cellto-cell communication events during plant growth processes and of the evolution of plant growth forms.
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VERNALIZATION: A POLYCOMB-BASED SWITCH UNDERLYING QUANTITATIVE EPIGENETIC MEMORY
Jie Song* (John Innes Centre, UK), Andrew Angel (John Innes Centre, UK), Martin Howard (John Innes Centre, UK), Caroline
Dean (John Innes Centre, UK)
jie.song@jic.ac.uk
In plants, growth and development are often modulated by environmental signals. We study the mechanistic basis of an
environmentally mediated epigenetic switch in Arabidopsis, termed vernalization. Central to vernalization is the quantitative
silencing of a floral repressor locus FLOWERING LOCUS C (FLC) by prolonged cold, winter. The quantitative nature makes it
an excellent model to study epigenetic silencing. Vernalization involves a Polycomb mechanism. A number of characteristics of
vernalization have recently been elaborated through the combination of molecular biology and computational modelling. Our
study reveals that the epigenetic stability, and the ability to switch to a silenced state, can be explained by chromatin dynamics
and localized nucleation of chromatin-modifying complexes. The core PRC2 is associated over most of the locus before and
after silencing, similar to the ‘blanket type’ binding of SUZ12 at the Hox loci in humans. Prolonged cold induces nucleation of a
modified PHD-PRC2 complex, three PHD proteins associated with PRC2, at a tightly localized region within FLC. This results in
a local peak of a repressive chromatin mark H3K27me3, whose height is proportional to the length of cold. Upon return to warm,
PHD-PRC2 is distributed across the whole locus. The H3K27me3 cluster is capable of switching FLC into a silenced state in a
cell-autonomous fashion. The resultant high level of H3K27me3 over FLC is required for stable silencing. The quantitative
nature of silencing is the result of an increased proportion of cells showing this silenced state, rather than a synchronized
reduction in all cells. With this cell autonomous ‘memory’ system, the vernalization process is buffered against short periods of
warm during winter. This work reveals how plants can measure their exposure to environmental signals and thus align their
developmental transitions with specific seasons.

THE BIOPHYSICS OF ORGAN GROWTH: INVESTIGATING THE CORRELATION BETWEEN CELL WALL ELASTICITY
AND ORGAN FORMATION
Siobhan A. Braybrook* (University of Bern, Switzerland), Cris Kuhlemeier (University of Bern, Switzerland), Alexis Peaucelle
(University of Paris VII and INRA Versailles, France)
siobhan.braybrook@gmail.com
The growth of every cell, and by extension the whole plant, is controlled by the cell wall. This unique and diverse cellular
compartment must be strong enough to withstand turgor pressure, yet flexible enough to allow growth in a controlled manner.
The cell wall may be considered as a material, with physical properties that dictate its behavior under stress (force) and strain
(growth). The material property that we are concerned with in this study is the elasticity of the cell wall: how the cell wall can
reversibly deform under force. We have previously demonstrated that in the shoot apical meristem (SAM) of Arabidopsis, cell
wall elasticity is increased preceding and coincident with organ growth. Here we attempt to examine that robustness of this
correlation by (1) examining the cell wall elasticity of SAMs of different species in different growth conditions, and (2) examining
the cell wall elasticity of Arabidopsis SAMs placed in permissive and non-permissive growth conditions, namely light and dark.
Since auxin has long been implicated in organ formation, cell wall changes, and more recently in light/dark growth regulation at
the meristem, we have also (3) investigated the effect of auxin on cell wall elasticity in the Arabidopsis SAM. Using all of these
experimental approaches we reach some startling, and also some reassuring, conclusions: (1) diverse SAMs from across the
plant kingdom displayed remarkably similar cell wall elasticity behaviors in spite of their widely variant cell wall compositions;
Organ formation was always accompanied by increases in wall elasticity. (2) Arabidopsis SAMs in light/dark conditions display
differences in wall elasticity, reinforcing a role for wall elasticity in growth. (3) Auxin application to meristems causes increases in
wall elasticity and is correlated with mechanically relevant changes in cell wall matrix chemistry. From these experiments we can
infer that auxin controls changes in cell wall elasticity at the shoot apex as follows: in growth permissive contexts (light) auxin
maxima physically trigger new primordia via cell wall modification, and in dark conditions a depletion of auxin results in a lack of
wall modification. We can also suppose that this mechanism may be highly conserved, as indicated at the level of physical wall
elasticity changes in diverse meristems.

TAKING FULL ADVANTAGE OF SYSTEMATIC PHENOTYPING IN ARABIDOPSIS THALIANA
Christine Granier* (INRA, France), Sébastien Tisné (INRA, France), François Vasseur (INRA, France), Catherine Massonnet
(INRA, France), Maryline Lièvre (INRA, France), Denis Vile (INRA, France)
granier@supagro.inra.fr
The large set of genetic resources in Arabidopsis has led different labs to develop automated high-throughput phenotyping
platforms to track plant development and its response to various environmental conditions. The identification of genes, their
functions and the associated processes controlling plant development and its plasticity are expected to increase rapidly with the
knowledge gained from this ongoing systematic phenotyping initiative. However, description of plant growth phenotypes is not
always sufficient for reconciling observations among groups and taking full benefit from the large amount of phenotypic data.
The main reasons are that most descriptors are qualitative, and not associated with metadata such as the precise recording of
environmental conditions or plant handlings. Another problem comes from the poor multivariate datasets measured on same
individuals, enabling direct comparisons of the co-regulation of different growth-related processes. Focusing on the accurate
description of leaf development from cellular organization to organ functioning for a high number of genotypes and under
contrasted environmental conditions, we get on a better understanding of how plants develop and respond to their environment.
Complementary statistical modeling approaches have allowed to disentangle how several growth-related processes are related
to one another. When combined to systematic phenotyping, such multivariate analyses offer promising directions for a better
understanding of the coordination of plant growth at different organizational scales, therefore giving insights into the organismal
versus cellular theory of growth control.
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SINGLE-CELL TRANSCRIPTOMICS OF THE ARABIDOPSIS QUIESCENT CENTER
Idan Efroni* (New York University, USA), Pui-Leng Ip (New York University, USA), Paul Scheid (New York University, USA),
Ken Birnbaum (New York University, USA)
ie10@nyu.edu
The transcriptomes of discrete plant cell types have been analyzed using ensembles of cells of a given identity. However,
increasing evidence shows that seemingly identical cells show heterogeneity that may serve a role in multi-cellular
development. Particularly, data is lacking regarding the gradual acquisition of tissue identity as it is established in the meristem.
Describing cell heterogeneity requires assays that interrogate transcription levels in single cells. We approach this problem
using RNA-Seq based global transcriptional profiling of single cells from a highly coherent group of cells, the quiescent center
(QC), which plays a central role in maintaining root stem cell identity. As single-cell transcritomics does not allow for replicates,
we utilize an experimental design which, together with a Monte-Carlo simulation of the amplification process, evaluated the
technical noise. With this analysis, we found evidence for biological variability among QC cells. Among the varying genes,
expression of co-regulated genes is correlated in the single cells, suggesting gene variation is not random, but rather that cells
are present in disctrete states. Interestingly, while known QC-related transcription factors are highly expressed, we also identify
sporadic low-level expression of transcripts specific to various other tissues. This suggests either leaky transcription, or poised
transcriptional machinery, possibly due to the pluripotent state of the QC cells. The ability to assess biological variation and
gene correlation among single cells has implications for the extraction of transcriptional networks, and the understanding of
transcriptional regulation during development.
Plenary Session: Systems Biology & Metabolism
METABOLOMICS REVEALS METABOLIC DIVERSITY IN ARABIDOPSIS
Kazuki Saito* (RIKEN Plant Science Center; Graduate School of Pharmaceutical Sciences, Chiba University, Japan)
ksaito@psc.riken.jp
Understanding of metabolomics diversity and its genetic basis is required for further development of plant biotechnology leading
to sustainable production of renewable plant resources, being as foods, medicines, industrial materials and energy. Using
Arabidopsis thaliana, an integrated analysis of metabolome and transcriptome led to the prediction of gene-to-metabolite
relations. As a systems-biology tool, the Arabidopsis metabolome accumulation database, AtMetExpress Development and 20
Ecotypes, was developed. AtMetExpress Development was designed to be compatible with AtGenExpress to allow the efficient
elucidation of metabolite-transcript networks during tissue development. AtMetExpress 20 Ecotypes is representing metabolic
diversity in leaves of 20 natural variation of A. thaliana. Detailed analysis of co-regulation frameworks of genes and metabolites
in the pathways of flavonoid and lipid revealed the functional of novel genes and metabolites. For example, a new
glycosyltransferase for flavonoid biosynthesis has been identified, and its three-dimensional crystal structure was determined. A
new class of acidic lipid playing a stress mitigation role under phosphorus-starvation was identified. The crucial roles of
metabolomics in fundamental plant biology and application to crop biotechnology will be discussed.

CHARACTERISING THE MOLECULAR ECOPHENE IN ECO-SYSTEMS BIOLOGY
Wolfram Weckwerth* (Dept. Molecular Systems Biology, University of Vienna, Austria)
wolfram.weckwerth@univie.ac.at
There is a big gap between the availability of full genome sequences – e.g. 1001 genome project - and their functional
interpretation. Thus, linking genomic information and genome-scale molecular and physiological studies of plants will provide
the basis for predictive models of the genotype-phenotype relationship (Weckwerth 2003, 2011a Green Systems Biology, 2011b
Unpredictability of Metabolism). Going a step further, these reference datasets, typically generated under highly controlled
growth conditions, will provide the basis for the functional interpretation of the ecophysiology of plant individuals in their natural
environment. However, it is a big challenge to apply metabolomics and proteomics technologies – typically used in highly
controlled experiments - in the field. In this context, we applied metabolomic techniques to a large grassland study called the
Jena-experiment and revealed metabolic signatures for biodiversity and physiological adaptation of individual plant species in
their “quasi-natural” environment (Scherling et al. 2010). In another experiment we applied proteomics measurements in a field
trial to characterize potato cultivars (Hoehenwarter et al. 2008, 2011). Summarizing these approaches it is feasible to apply
genome-wide metabolomics and proteomics association studies to individual plants in their natural or “quasi-natural”
environment to characterize their ecophysiological behavior and their molecular ecophenes. The interpretation of these highdimensional molecular data requires theoretical genome-scale metabolic models which can be used to compare predictions of
the model and real experimental data to finally develop an iterative and predictive approach linking technologies such as
metabolomics, proteomics and genomics to ecosystems studies (Weckwerth 2011a). To link these reference datasets
systematically to the genotype information we have developed a modeling platform consisting of a stochastic genotypephenotype-equation (Sun & Weckwerth 2011). The systems-theoretical concept of this approach will be presented.
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ANALYSIS OF A GENOME SCALE METABOLIC MODEL OF ARABIDOPSIS
Mark Poolman* (Oxford Brookes University, UK)
mgpoolman@brookes.ac.uk
This contribution will describe the analysis of a genome-scale metabolic model of Arabidopsis primarily derived from the aracyc
database. Analyses based on Linear Programming demonstrated that: 1) the model is capable of producing biomass
components (amino-acids, nucleotides, lipid, starch and cellulose) in the proportion observed experimentally in a heterotrophic
suspension culture; 2) that, approximately, only 10% of the available reactions are needed for this purpose and that the size of
this network is comparable to estimates of minimal network size for other organisms; 3) that reactions may be grouped
according to the changes in flux resulting from a hypothetical stimulus (in this case demand for ATP), and that this allows the
identification of potential metabolic modules; and 4) where it is possible to make comparisons between these results and those
obtained from 13C metabolic flux analysis that there was good, but not perfect agreement between the two.
Plenary Session: Development
GERMLINE INITIATION IN PLANTS
Thomas Laux* (BIOSS Centre for Biological Signalling Studies, Faculty of Biology, Albert-Ludwigs-University Freiburg,
Germany), Jorge Lora (BIOSS Centre for Biological Signalling Studies, Faculty of Biology, Albert-Ludwigs-University Freiburg,
Germany), Diana Lieber (BIOSS Centre for Biological Signalling Studies, Faculty of Biology, Albert-Ludwigs-University Freiburg,
Germany)
laux@biologie.uni-freiburg.de
Unlike animals that set aside the germline from the soma lineage early in the embryo, plants are able to generate gametes from
somatic cells, a property that reflects the remarkable developmental plasticity of plant cells. In the female organs of the flower,
only one cell of each ovule becomes programmed into a megaspore mother cell (MMC), which subsequently enlarges and
enters meiosis. The molecular mechanisms regulating the establishment of an MMC are largely unknown. Here we will discuss
the role of the WIH pathway in MMC development and compare stem cell regulation and germline initiation.

MAP KINASE SIGNALING IN THE EARLY ARABIDOPSIS EMBRYO
Wolfgang Lukowitz* (University of Georgia, Department of Plant Biology, Athens, GA, USA)
lukowitz@plantbio.uga.edu
Division of the zygote defines two fundamentally different developmental domains, the proembryo and suspensor. The YODA
(YDA) MAP kinase cascade promotes elongation of the zygote and development of its basal daughter cell into the suspensor.
YDA-dependent signaling is activated by SHORT SUSPENSOR (SSP) and linked to fertilization by a parent-of-origin effect.
SSP transcripts accumulate in sperm cells but apparently remain un-translated. Instead, they are delivered to the zygote, where
SSP protein transiently accumulates. Ectopic expression of SSP protein can activate the YDA MAP kinase cascade in leaves,
suggesting that SSP triggers YDA activation in the zygote. The evolution of this paternal effect on embryonic patterning is
recent: a phylogeny reveals that SSP originated in a whole-genome-duplication event at the base of the Brassicacea and shares
the same common ancestor as BR signaling kinase1 (BSK1). BSK1 is part of the brassinolide (BR) receptor complex, becomes
phosphorylated by the receptor-kinase BRI1 upon BR binding, and then presumably stabilizes activity of GSK3-like protein
kinases of the BIN2 family by repressing phosphatases of the BSU family. Whereas BSK1 is under purifying selection and
remains close to the ancestral gene, its sister gene SSP has diverged rapidly. Gen swap experiments reveal that BSK1 cannot
substitute for SSP function when expressed with the SSP regulatory sequences. We propose that SSP protein has acquired
novel properties that enable it to function more independently from activation by receptor complexes. This scenario implies that,
before the separation of SSP and BSK1 from their common ancestor, YDA activation in the zygote likely involved signaling
through cell surface receptors, and we are in the process of investigating this possibility. The direct targets of the YDA MAP
kinase cascade remain elusive, but involvement of the RWP-RK-type transcription factor GROUNDED (GRD) in YDA pathway
suggests gene transcription as a likely possibility. GRD is expressed broadly in the egg apparatus and early embryo and
required for YDA-dependent functions in the embryo. However, GRD activity is not regulated by MAP kinase-mediated
phosphorylation, and lack of GRD transcription is not causing the abnormal development of yda embryos. We are currently
attempting to characterize the effects of grd mutations on transcription and to identify potential partners involved in promoting
zygote elongation and embryonic polarity.

ORGAN-LEVEL REGULATIONS OF CELL BEHAVIORS IN LEAVES
Hirokazu Tsukaya* (Graduate School of Science, The University of Tokyo, Japan)
tsukaya@biol.s.u-tokyo.ac.jp
Leaves, which have a very simple shape, expand their blades along the proximo-distal and the medio-lateral axes (Tsukaya
2006). Irrespective of the simple shape, a lot of data have accumulated to point out complicated mechanisms on leaf-expansion
control. For example, defects in cell proliferation in leaf primordia trigger excess cell expansion in leaves: we call this
phenomenon as “compensation” (Tsukaya 2002). This phenomenon clearly indicates a presence of some unknown, organ-level
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regulations of cell behaviors in determinate organ, leaves. Curiously, excess cell proliferation does not alter cell size; excess cell
expansion does not trigger decreased cell proliferation (Usami et al. 2009). Compensational cell enlargement (CCE) is triggered
only when cell proliferation is compromised beyond some threshold level and depends on only a subset of genetic pathways for
leaf-cell expansion; does not necessarily require enhanced endoreduplication (Fujikura et al. 2007; 2009). CCE seen in mutants
and transgenics can be divided into several different phenomena in terms of the kinematics of cell behavior (Ferjani et al. 2007).
When active cell proliferation still occurs in the junction between leaf blade and leaf petiole in the leaf primordia (Ichihashi et al.
2011), final cell size is already determined in the tipmost area of the primordia, indicating that CCE does occur without
finalization of total number of cells in the leaf. In fact, our inducible chimera system have revealed that a local defect in cell
proliferation by the over-expression of KRP2 caused CCE in a cell-autonomous manner, but interestingly, local loss-of-function
of the ANGUSTIFOLIA3(AN3) caused the CCE in a non-cell-autonomous manner (Kawade et al. 2010). In addition, we recently
found that a mobility of AN3 among leaf cells is important for proper regulation of leaf size. Based on our recent data, possible
integration mechanisms between proliferation and expansion of leaf cells will be discussed.
Posters: Epigenetics
1

NOVEL READERS AND COMBINATORIAL INTERPRETATIONS OF HISTONE TAIL MODIFICATIONS

Reidunn B. Aalen* (University of Oslo, Norway), H. Zeinep Nenseth, M. Aminur Rahman (University of Oslo, Norway), Silje V.
Veiseth (University of Oslo, Norway)
reidunn.aalen@imbv.uio.no
Histone lysine methyltransferase (HKMTase) activity exerted by SET domain proteins has differential effects on chromatin
structure, transcription of euchromatic genes, control of transposable elements and developmental processes, depending on the
lysine residue methylated and the number of methyl groups added. We are studying the dynamics of HKMTase activity and the
function of co-domains present in Arabidopsis SET domain proteins, here illustrated with SU(VAR)3-9 RELATED4 (SUVR4) and
ASH1 HOMOLOG 2 (ASHH2 alias SDG8/EFS). SUVR4 has preference for H3K9me1 as substrate and a novel domain (WIYLD)
that can bind H2B-conjugated and free ubiquitin which enhance the HKMTase activity and change the specificity of SUVR4 from
H3K9 di- to trimethylation. This has a repressive effect on transposons and pseudogenes. Crosstalk between different histone
tail modifications is important for the differential activity of SUVR4 on euchromatic genes and transposons. ASHH2 is a major
H3K36me2/me3 HKMTase in Arabidopsis, and ashh2 mutants show severe pleiotropic defects in growth and development.
Yeast and animal Set2/HYPB H3K36me3 HKMTases, have a C-terminally conserved SRI domain that binds RNA PolII, linking
H3K36me3 to transcriptional elongation and/or early RNA processing. This domain is lacking in ASHH2 and its plant
homologues. Instead ASHH2 has a CW domain, which we have identified as a novel reader of methylated H3K4. We show that
ASHH2 has a preference for H3K4me-marked genes, and that ASHH2-dependent H3K36 trimethylation contributes to sustained
expression of tissue-specific and developmentally regulated genes. These examples illustrate the importance of co-domains for
the function of SET domain proteins and the context-dependent meaning of different chromatin marks.

2

FINE-TUNING OF GENE EXPRESSION DURING DE-ETIOLATION THROUGH HISTONE H2B UBIQUITINATION

Fredy Barneche* (IBENS, France), Clara Bourbousse (IBENS, France), Ikhlak Ahmed (IBENS, France), François Roudier
(IBENS, France), Gérald Zabulon (IBENS, France), Eddy Blondet (INRA, France), Sandrine Balzergue (INRA, France), Vincent
Colot (IBENS, France), Chris Bowler (IBENS, France)
barneche@ens.fr
Multicellular organisms such as plants have to regulate numerous genes in a coordinated fashion to respond to environmental
and intrinsic signals, notably during developmental transitions. Light signaling pathways mediated by photoreceptors allow
plants to permanently adapt to changing light conditions through the regulation of hundreds of responsive genes. Chromatin
modifications precede or come along with these processes, and notably, some histone acetylations were shown to positively
influence the expression of targeted genes. We therefore investigate the transcriptional responses to light conditions in
Arabidopsis, and use them to characterize chromatin dynamics and their role in responding to environmental cues. Here we
used the repertoire of light-responsive genes to assess the impact of histone H2B monoubiquitination (H2Bub) on gene
expression by combining genome-wide transcriptomic and epigenomic profiling in time-lapse analyses of early de-etiolation, a
cell division-independent process. Analysis of H2Bub-marked genes at three time points revealed the highly dynamic nature of
H2Bub deposition onto light-responsive genes, while in contrast H2Bub removal is much slower. Using a hub1 mutant in which
H2Bub deposition is abolished, we observed that lack of H2Bub frequently weaken the timing or the amplitude of transcriptional
changes. Finally, our analyses showed that the H2Bub chromatin mark contributes to fine-tune the expression of many master
regulators of light responses. Altogether, the work presented could open the way for future studies deciphering how genes are
targeted for chromatin modifications as a response to signal transduction pathways and how a previous transcriptional activity
might be memorized at specific loci.

3

PARENT OF ORIGIN DEPENDENT SPONTANEOUS MUTATION RATES IN ARABIDOPSIS HYBRIDS

Ramamurthy Baskar* (Department of Biotechnology, Indian Institute of Technology-Madras, Chennai, India), Tufail Bashir
(Institute of Plant Biology, University of Zurich, Switzerland), Nitin Loganathan (Institute of Plant Biology, University of Zurich,
Switzerland), B. Hemadev (Institute of Plant Biology, University of Zurich, Switzerland), Ueli Grossniklaus (Institute of Plant
Biology, University of Zurich, Switzerland)
rbaskar@iitm.ac.in
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The spontaneous, somatic mutation frequency in the Arabidopsis model plant is of the order of 10 - 10 events per base pair.
However, not much is known on the types of mutations induced upon hybridization and the frequency of their occurrence in
hybrids. Hybridization is important for speciation and maintaining the genome integrity in hybrids is critical, as extensive
chromosomal rearrangements are known to occur during hybridization. Thus it becomes important to know the mutation rates in
hybrids. We examined hybridization induced point, frame shift, homologous recombination and transposition rates in
intraspecific Arabidopsis hybrids using a set of transgenic lines homozygous for mutated or truncated versions of the GUS
reporter gene. We compared the mutation rates of hybrids with the inbreds (Col-Col), both heterozygous for the GUS reporter
and found that, hybridization indeed altered the frequency of different kinds of mutations and in general, Col - Cvi and Col - C24
hybrid progeny had decreased T → A and T→G point mutation reversion rates but increased C→T point mutation rates.
However, in Col - C24 hybrids there is a general trend for an increase in homologous recombination rates while as in Col - Cvi
hybrids there is a decrease in the rates of recombination. Surprisingly no significant changes in the frame shift mutation rates
were observed in hybrids suggesting hybridization favoring a particular class of mutations over others. Reciprocally derived
hybrids showed significantly different mutation rates suggesting that there is strong influence of parental sex on the mutation
frequency. The evolutionary distance of the parents had no influence on mutation rates in the progeny as closely related
accessions on occasions displayed higher mutation rates than accessions that are separated far apart.

4

COMPETITIVE EXPULSION AS A MODE OF ACTION IN HISTONE DEMETHYLATION IN PLANT STEM CELLS

Bo Sun* (Temasek Life Sciences Laboratory, Singapore), Zemiao He (Temasek Life Sciences Laboratory and National
University of Singapore, Singapore), Akiko Satake (Division of theoretical biology, Hokkaido University,Japan) , Eng-Seng Gan
(Temasek Life Sciences laboratory and National University of Singapore, Singapore), Wanyi Wee (Temasek Life Sciences
Laboratory, Singapore), Yifeng Xu (Temasek Life Sciences Laboratory ,Singapore), Toshiro Ito (Temasek Life Sciences
Laboratory and National University of Singapore, Singapore; PRESTO, Japan Science and Technology Agency, Japan)
sunbo@tll.org.sg
Precise temporal induction of the Arabidopsis C2H2-type zinc finger repressor KNUCKLES (KNU) is essential to balance
proliferation and differentiation in the feedback pathway to control floral stem cells. The direct induction of KNU by the homeotic
transcription factor AGAMOUS (AG) is preceded by phased decreases in the repressive tri-methylation of Lys-27 of histone H3
(H3K27me3) mark at the KNU locus. Here we show that AG-dependent KNU induction is cell-cycle dependent, and that AG
competitively binds to the KNU promoter with Polycomb Repressive Complex (PRC). Disruption of this element caused
precocious expression of KNU. Meanwhile, a chimeric protein containing the lacI DNA binding domain but no activation domain
mimicked the AG function when AG binding sites were substituted with the lacI operator sequences, suggesting that AG
functions to physically expel PRC from the KNU locus. Thus, temporal-specific regulation of KNU is achieved by the competitive
expulsion of PRC by AG on the KNU locus, leading to passive dilution of H3K27me3 during cell-cycle progression. Our
mathematical model also indicates that cell cycle provides stem cells a window of opportunity for dynamic phase shift in histone
modification.

5

COPIA78, A COPIA-TYPE LTR RETROTRANSPOSON IS ACTIVATED BY PROLONGED HEAT STRESS IN
ARABIDOPSIS

Vanja Cavrak* (GMI, Austria), Ales Pecinka (MPIPZ, Germany), Laura Bayer (GMI, Austria), Huy Dinh (CIBIV, Austria), Marisa
Rosa (GMI, Austria), Nicole Lettner (GMI, Austria), Ortrun Mittelsten Scheid (GMI, Austria)
vanja.cavrak@gmi.oeaw.ac.at
With over 100 families consisting of more than 1500 copies, LTR/COPIA elements form one of the most diverse superfamilies of
retrotransposons in the compact Arabidopsis genome. In order to limit the highly mutagenic potential of retrotransposons,
epigenetic mechanisms act through transcriptional gene silencing (TGS) such as DNA methylation, posttranslational histone
modifications and small RNA regulation to generate a repressive chromatin environment. This can be reversed in a
developmentally regulated or environmentally induced manner. We show that several Arabidopsis sequences, including one
LTR retrotransposon, transcriptionally silenced at ambient temperatures, are differentially activated by prolonged heat stress in
several Arabidopsis accessions. Activation can occur without loss of DNA methylation and with only minor changes of histone
modifications, but is accompanied by loss of nucleosomes and heterochromatin decondensation. The results provide evidence
that environmental conditions can transiently override epigenetic control, but might open a window also for longer lasting
epigenetic switches. We address the role of cis- and trans-acting factors that control the transcriptional response to heat stress.

6

LECTIN-HISTONE INTERACTIONS IN THE PLANT CELL NUCLEUS

Lore Eggermont* (Ghent University, Belgium), Annelies Delporte (Ghent University, Belgium), Els J.M. Van Damme (Ghent
University, Belgium)
Lore.Eggermont@ugent.be
Tobacco leaves subjected to methyl jasmonate treatment accumulate a 38 kDa lectin in the leaves, called Nicotiana tabacum
agglutinin (abbreviated Nictaba). Nictaba interacts with GlcNAc oligomers. It was shown that this carbohydrate-binding protein
locates to the nucleus and the cytoplasm of the parenchyma cells. To identify Nictaba-interacting proteins a proteomics
approach was used. Identification of the interacting proteins indicated that the lectin recognizes core histone proteins. Binding of
Nictaba to these nucleosomal proteins was confirmed in an affinity chromatography experiment with a commercial calf thymus
histone preparation. Histone proteins could be eluted from the lectin column with a solution of GlcNAc. Western blot analysis
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suggested that these histone proteins carry O-GlcNAc. Furthermore, mass spectrometry analyses have proven that the Nictababinding histones from tobacco are modified by O-GlcNAc. Finally the co-localization as well as the in vivo interaction between
Nictaba and the histone proteins were examined by confocal microscopy and bimolecular fluorescence complementation
assays. All these data suggest that Nictaba might fulfill a signaling role in response to stress, by interacting with O-GlcNAcylated
proteins in the plant cell nucleus. We speculate that the interaction of Nictaba with histones reflects the ability of the lectin to
alter chromatin conformation and folding and, as such, alter gene expression. To proof this hypothesis we turned to Arabidopsis
thaliana. Within the Arabidopsis genome several proteins with sequence homology to Nictaba have been identified. At present
several of these Nictaba homologues are being characterized and their localization inside the cell nucleus is being investigated.
Chromatin immunoprecipitation will be used to study the interaction between the lectin and chromatin.

7

CHROMATIN-ASSOCIATED REGULATION OF TRANSPOSON EXPRESSION AND INNATE IMMUNITY BY THE
ARABIDOPSIS PHD-FINGER-LIKE PROTEIN EDM2

Thomas Eulgem* (University of California-Riverside, USA), Tokuji Tsuchiya (University of California-Riverside, USA), Yu-Hung
Wei (University of California-Riverside, USA)
thomas.eulgem@ucr,edu
The nuclear localized Arabidopsis defense regulator EDM2 elevates transcript levels of the disease resistance (R) gene RPP7
and at least two additional related R-genes. Both EDM2 and RPP7 are required for race-specific immunity of Arabidopsis
against the pathogenic oomycete Hyaloperonospora arabidopsidis. EDM2 has typical features of chromatin–associated
epigenetic regulators, such as putative nuclear localization signals and PHD finger-like motifs. We found EDM2 to interact in
nuclei with putative chromatin-remodelling factors that contributes to the immune function of EDM2 and are related to the
human tumor suppressor EMSY. EMSY-like proteins (EMLs) constitute a small family of four members in Arabidopsis. Roles of
these proteins in plant immunity have so far not been described. By chromatin immunoprecipitation we found EDM2 to affect
levels of dimethylated lysine 9 of histone H3 (H3K9me2). This type of epigenetic mark is known to be associated with
transcriptionally silenced transposons. Consequently, we found EDM2 to affect levels of this repressive mark in various
st
transposons, including a COPIA-type retrotransposon located in the 1 intron of RPP7. At ICAR 2012 we will present new data
on a chromatin-associated mechanism linking effects of EDM2 on this retrotransposon to RPP7 expression and resistance to H.
arabidopsidis.

8

IDENTIFICATION OF POL V-SPECIFIC SUBUNITS NRPE5 AND NRPB9B IN A FORWARD GENETIC SCREEN FOR
MUTANTS DEFECTIVE IN RNA-DIRECTED DNA METHYLATION IN ARABIDOPSIS THALIANA

Changho Eun* (GMI, Austria), Antonius J. M. Matzke (GMI, Austria), Marjori Matzke (GMI, Austria)
changho.eun@gmi.oeaw.ac.at
RNA-directed DNA methylation (RdDM) in plants is a process in which 24-nucleotide small interfering RNAs (siRNAs) direct the
de novo cytosine methylation of complementary DNA region, and requires two RNA polymerase (Pol) II-related RNA
polymerases, namely PolIV and PolV. Pol IV is involved in producing the siRNA trigger for RdDM whereas Pol V acts
downstream of siRNA production to facilitate de novo methylation of homologous DNA sequences. We established a twocomponent transgene system designed to identify factors important for RdDM and transcriptional gene silencing in a
developmental context in Arabidopsis thaliana ecotype Col-0. This system consists of a target locus, which contains a GFP
reporter gene under the control of an upstream enhancer that is active in shoot and root meristems, and an unlinked silencer
locus, which encodes a hairpin RNA homologous to target enhancer sequences. Processing of the hairpin RNA by DCL3
produces 24-nt siRNAs, which trigger methylation of the target enhancer, resulting in transcriptional silencing of the GFP gene.
Screening to identify mutants defective in RdDM and GFP silencing were carried out using mutagenesis of M1 seeds by ethyl
methanesulfonate (EMS) treatments. Mutants were identified by screening the root tips of M2 seedlings for reactivation of GFP
expression in the presence of the silencer locus. So far, we have been identified 11 dms (defective in meristem silencing)
mutants in this screening. Here we report the additional identification of NRPE5 and NRPB9b in the forward genetic screen for
mutants defective in RdDM and transcriptional gene silencing in shoot and root apical meristems in Arabidopsis thaliana .

9

GENETIC ANALYSIS OF RNA-DIRECTED TRANSCRIPTIONAL GENE SILENCING IN ARABIDOPSIS THALIANA

Andreas Finke* (IPK Gatersleben), Markus Kuhlmann (IPK Gatersleben), Michael Florian Mette (IPK Gatersleben)
finke@ipk-gatersleben.de
In plants, a particular class of small non-coding RNAs, short interfering RNAs (siRNAs) can serve as a signal to induce cytosine
methylation at homologous genomic regions. If the targeted DNA has promoter function, this RNA-directed DNA methylation
(RdDM) can result in transcriptional gene silencing (TGS). RNA-directed transcriptional gene silencing (RdTGS) of transgenes
provides a versatile system for the study of epigenetic gene regulation in plants. In our experimental setup in Arabidopsis
thaliana, transcription of a nopaline synthase promoter (ProNOS)-inverted repeat provides a RNA signal that triggers de novo
cytosine methylation and TGS of a homologous ProNOS copy in trans. Utilising a ProNOS-NPTII reporter gene particularly
sensitive to silencing in this two component system, a forward genetic screen for EMS-induced “silencing abrogated” (slg)
mutations was performed. Three of the obtained slg mutant lines were found to contain novel loss-of-function alleles of idn2,
nrpd2a/nrpe2a and drm2, respectively. IDN2 encodes a XH/XS domain containing protein that is able to bind double-stranded
RNA with 5’-overhangs, while NRPD2a/NRPE2a encodes the common second-largest subunit of the plant-specific DNAdependent RNA polymerases IV and V involved in silencing processes. Finally, DRM2 encodes the DNA methyltransferase
responsible for de novo DNA methylation. The effects of idn2, nrpd2a/nrpe2a, drm2 and others on target gene expression,
Posters: Epigenetics
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RdDM of transgenic as well as endogenous target regions and siRNA accumulation have been studied in detail. Based on the
obtained results, a refined model for the positions of the affected factors in RdDM and RdTGS pathways will be proposed.

10

INDICATION OF DNA SECONDARY STRUCTURE AS A TARGET FOR DE NOVO METHYLATION

Matthew Gentry* (University of Leeds, UK), Peter Meyer (University of Leeds, UK)
Bgy4msg@leeds.ac.uk
The initiation of DNA methylation in Arabidopsis is controlled by the RNA-directed DNA methylation (RdDM) pathway that uses
24nt siRNAs to recruit the de novo methyltransferase DRM2 to the target site. We have previously described the RPS fragment
that acts as a hot spot for de novo methylation, for which it requires the cooperative activity of all three methyltransferases
MET1, CMT3 and DRM2, but not the RdDM pathway. RPS contains an 11bp palindromic sequence with an 18bp spacer that
forms a putative stem-loop structure. The analysis of deletion/substitution derivatives of RPS stem-loop showed that de novo
methylation did not depend on the DNA sequences in the loop or stem region, but did require the formation of a stem. In
addition, a 10bp region directly downstream of the stem-loop was also required for de novo methylation. A mutant construct
where the palindromic region had been interrupted produced two distinct types of either completely methylated of completely
unmethylated transgenes. We therefore suggest that RPS provides a structural de novo methylation target that includes a stem
structure independent of the classical RdDM pathway, and that the region adjacent to the stem influences the recruitment of
methylation.

11

EPICOL: UNDERSTANDING THE ECOLOGICAL AND EVOLUTIONARY SIGNIFICANCE OF EPIGENETIC
VARIATION IN PLANTS

Ruben Gutzat* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Manu Dubin (Gregor Mendel Institute of Molecular
Plant Biology, Austria), Nicole Lettner (Gregor Mendel Institute of Molecular Plant Biology, Austria), Ortrun Mittelsten Scheid
(Gregor Mendel Institute of Molecular Plant Biology, Austria), Vit Latzel (University of Bern, Switzerland), Yuanye Zhang
(University of Bern, Switzerland), Oliver Bossdorf (University of Bern, Switzerland), Markus Fischer (University of Bern,
Switzerland), Christian Lampei (University of Hohenheim, Germany), Karl Schmid (University of Hohenheim, Germany), Maartje
Groot (Universtiy of Nijmegen, Netherlands), Philippine Vergeer (University of Nijmegen, Netherlands), Niels Wagemaker
(University of Nijmegen, Netherlands), Joop Ouborg (Universtiy of Nijmegen, Netherlands), Antoine Martin (École Normale
Supérieure, France), Vincent Colot (École Normale Supérieure, France)
ruben.gutzat@gmi.oeaw.ac.at
EpiCOL (http://www.epicol.org), an ESF-funded collaborative project, addresses the question to what extent stable epigenetic
variation in plants exists or can be induced through environmental stresses, and what the ecological and evolutionary
consequences of this epigenetic variation are. Using Arabidopsis thaliana and Scabiosa columbaria as model systems, we
focus on four fundamental questions. 1. How much natural epigenetic variation exists within and among plant populations? 2.
Does this variation affect the phenotypes and ecological interactions of plants? 3. What are the mechanisms of stress-induced
epigenetic changes, and how can these become transmitted to the offspring? 4. Can (induced) epigenetic variation serve as raw
material for rapid plant evolution and adaptation? One main project within EpiCOL is a large study on stress-induced heritable
epigenetic changes and their adaptive significance. As a first step, we subject different Arabidopsis ecotypes to a large number
of different environmental stresses, or combinations of stresses, and measure their phenotypic responses over multiple
generations. Preliminary data indicate that different Arabidopsis lines significantly vary in their stress response. Furthermore,
different types of stress have strongly different phenotypic effects. Our next goals are to decipher the underlying epigenetic
changes and their potential inheritance. We also want to test their ecological relevance through planting induced offspring along
a “gradient of realism” from strongly controlled laboratory to field conditions, and to test for their adaptive significance.

12

SINGLE-BASE-RESOLUTION METHYLOME OF MUTANTS AFFECTING DIFFERETIAL METHYLATION OF GENES
AND TRANSPOSONS

Tasuku Ito* (University of Tokyo, National Institute of Genetics, Japan), Yoshiaki Tarutani (National Institute of Genetics, Japan),
Tetsuji Kakutani (University of Tokyo, National Institute of Genetics, Japan)
tasito@nig.ac.jp
Cytosine methylation is found in genomes of diverse eukaryotes. In Arabidopsis, genes are methylated only at CG sites, while
transposons are heavily methylated at both CG and non-CG sites. To understand control and function of the differential DNA
methylation between genes and transposons, we are using mutants affecting that. A loss-of-function mutation in the IBM1
(INCREASE IN BONSAI METHYLATION 1) gene induces ectopic genic cytosine methylation at non-CG sites. On the other
hand, a loss-of-function mutation in the DDM1 (DECREASE IN DNA METHYLATION 1) gene induces loss of cytosine
methylation in transposons. To characterize the changes in cytosine methylation at single-base resolution, we applied wholegenome bisulfite sequencing method to these two mutants. The results revealed not only the landscape of cytosine methylation
in the genome at single-base resolution but also the relationship between contexts of cytosine methylation.

13

GENETIC AND EPIGENETIC REGULATION OF LEAF SENESCENCE IN ARABIDOPSIS THALIANA
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Yong-Min Kim* (Department of Biology, Chungnam National University, Republic of Korea), Jun Yong Jeong (Department of
Biology, Chungnam National University, Republic of Korea), Myung Jin Lee (Department of Biology, Chungnam National
University, Republic of Korea), Seung Sik Lee (Radiation Research Division for Biotechnology, Korea Atomic Energy Research
Institute (KAERI), Republic of Korea), Hye Ryun Woo (Department of Biology, Chungnam National University, Republic of
Korea)
wind-1432@hanmail.net
Senescence in plant leaf, the last step of development, is crucial for the fitness of plants and is thought to be an evolutionarily
acquired genetic process. Despite the scientific and agronomic importance of leaf senescence, knowledge of the regulatory
mechanisms of leaf senescence is still fragmentary. Our objective is to investigate the mechanisms of genetic and epigenetic
gene regulation on leaf senescence through studying the functions of Arabidopsis epigenetic regulators as well as transcription
factors on leaf senescence. In this study, with the microarray analysis followed by reconfirming expression of the selected
genes by RT-PCR analysis, 21 epigenetic regulator and transcription factor genes were identified whose expression were
differentially changed during leaf senescence. We are examining the phenotypes of leaf senescence with overexpressors and
knock-out mutants of the epigenetic regulators and transcription factors. Detailed information and important insights obtained
from this study will be presented.

14

THE EFFECT OF DNA METHYLATION ON MEIOTIC RECOMBINATION LANDSCAPE IN ARABIDOPSIS

Michal Lieberman-Lazarovich* (University of Geneva, Switzerland), Marie Mirouze (Institut de Recherche pour le
Développement, France), Riccardo Aversano (University of Naples, Italy), Etienne Bucher (University of Basel, Switzerland),
Joël Nicolet (University of Geneva, Switzerland), Jerzy Paszkowski (University of Geneva, Switzerland)
michal.lieberman@unige.ch
During meiosis, crossovers (COs) between homologous chromosomes are not evenly distributed along chromosomes and are
suppressed in chromosomal regions encompassing compact, hypermethylated centromeric and pericentromeric DNA.
Therefore, it was postulated that DNA hypermethylation is inhibitory to COs. Here, when analysing meiotic recombination in
mutant plants with hypomethylated DNA, we observed an unexpected and counterintuitive effect on CO distribution. Loss of
DNA methylation has promoted recombination in the naturally hypomethylated euchromatic chromosome arms, while inhibiting
it in heterochromatic regions encompassing centromeric and pericentromeric hypermethylated DNA. Importantly, the total
number of COs was not affected, implying that loss of DNA methylation led to a global redistribution of COs along
chromosomes. To determine by which mechanisms altered levels of DNA methylation influence recombination, whether directly,
in cis, or indirectly, in trans, by changing expression of genes encoding recombination components, we analysed CO distribution
in wild-type lines with randomly scattered and well-mapped hypomethylated chromosomal segments. The results of these
experiments, supported by expression profiling data, suggest that DNA methylation affects meiotic recombination in cis. We
strive at understanding the mechanism by which DNA methylation affects meiotic recombination, especially in light of the
surprising effect of loss of methylation on CO frequency in heterochromatic regions. As DNA methylation exhibits significant
variation even within a single species, our results imply that it may influence the evolution of plant genomes. From another point
of view, DNA methylation may be important for plant breeding through manipulation of meiotic recombination rates.

15

INVOLVEMENT OF A GHKL ATPASE IN RNA-DIRECTED DNA METHYLATION IN ARABIDOPSIS THALIANA

Zdravko J. Lorković* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Ulf Naumann (Gregor Mendel Institute of
Molecular Plant Biology, Austria), Antonius J.M. Matzke (Gregor Mendel Institute of Molecular Plant Biology, Austria), Marjori
Matzke (Gregor Mendel Institute of Molecular Plant Biology, Austria)
zdravko.lorkovic@gmi.oeaw.ac.at
RNA-directed DNA methylation (RdDM) is a small RNA-mediated epigenetic modification that contributes to transposon
silencing in plants. RdDM is mediated by a complex transcriptional machinery comprising two plant-specific, RNA polymerase IIrelated RNA polymerases, called Pol IV and Pol V, as well as chromatin remodelers, transcription factors and other novel
proteins. In a forward genetic screen designed to identify factors involved in RdDM we have identified a new component of the
RdDM machinery, DMS11 (DEFECTIVE IN MERISTEM SILENCING 11), which has a GHKL (gyrase, Hsp90, histidine kinase,
MutL) ATPase domain. The metazoan proteins most similar to DMS11 are the MORC ATPases which, like DMS11, belong to
the GHKL superfamily of ATPases. Despite the similarity to MORC proteins, DMS11 and its full-length homologs are found only
in flowering plants. Small RNAs accumulate in the dms11 mutant and repressive epigenetic modifications undergo only modest
reductions at target sequences. DMS11 interacts physically with another RdDM component, DMS3, an unusual structural
maintenance of chromosomes (SMC) hinge domain-containing protein that lacks the ATPase motifs of authentic SMC proteins.
The hinge region of DMS3 resembles that of the mammalian epigenetic factor SmcHD1, which also has a GHKL-type ATPase.
In vitro, DMS11 has ATPase activity that is stimulated by DMS3. Our results suggest that DMS11 provides the missing ATPase
function for DMS3 and that these proteins cooperate in the RdDM pathway to promote transcriptional repression. GHKL
ATPases are thus emerging as new players in epigenetic regulation in plants and mammals.

16

THE PATERNAL ROLE FOR THE DEMETER DNA GLYCOSYLASE IN POLLEN

Adriana Machlicova* (Gregor Mendel Institute, Austrian Academy of Sciences, Austria), Nina Chumak (Gregor Mendel Institute,
Austrian Academy of Sciences, Austria), Vera K. Schoft (Gregor Mendel Institute, Austrian Academy of Sciences, Vienna,
Austria), Lucyna Slusarz (Gregor Mendel Institute, Austrian Academy of Sciences, Austria), Tzung-Fu Hsieh (University of
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California, Berkeley, USA), Daniel Zilberman (University of California, Berkeley, USA), Robert L. Fischer (University of
California, Berkeley, USA), Hisashi Tamaru (Gregor Mendel Institute, Austrian Academy of Sciences, Austria)
adriana.machlicova@gmi.oeaw.ac.at
The Arabidopsis DEMETER (DME) DNA glycosylase is primarily expressed in the central cell in the female gametophyte before
fertilization and is required for the maternal allele DNA demethylation that establishes gene imprinting in the endosperm.
Maternal DME allele is required for seed viability and for the dramatic reconfiguration of DNA methylation landscape in the
endosperm and embryo, which involves extensive demethylation and local de novo DNA hypermethylation. More recently, we
showed that the imprinted genes MEA and FWA are hypomethylated in the vegetative cell genome compared to the sperm
genome, which is a process that requires DME. Based on these findings, we suggest that DME is active and demethylates
similar genes in the genomes of the vegetative and central cells, and functions in both the female and male gametophytes.
Paternal DME activity is important for male fertility in certain ecotypes, and contributes to the reconfiguration of the methylation
landscape that occurs in the vegetative cell and sperm cell genomes. According to our hypothesis, there may be genes playing
roles in pollen germination and pollen tube formation, which are silenced in somatic tissue by DNA methylation and activated by
DME-mediated demethylation in the pollen vegetative cell. To identify such genes, we performed high throughput bisulfite
sequencing of sorted sperm and vegetative nuclei from wild type and dme1 heterozygous plants. Assuming that DME target
specificity is similar in the central cell of the female gametophyte and the vegetative cell of pollen, we analyzed DNA methylation
of recently identified imprinted genes. Our preliminary data suggest that among the recently identified new imprinted genes in
the endosperm, there are some genes that are hypomethylated in the vegetative cell genome compared to the sperm genome
and are expressed at high levels in pollen, thus representing the potential targets for DME to control pollen function.

17

EXPLORING THE POTENTIAL FOR EPIMUTATIONS AND THEIR STABILITY IN ARABIDOPSIS

Antoine Martin* (IBENS, France), Mathilde Etcheverry (IBENS, France), Amine Madoui (Genoscope, France), Karine Labadie
(Genoscope, France), Sandra Cortijo (IBENS, France), Arthur Gilly (Genoscope, France), Tony Heitkam (IBENS, France), JeanMarc Aury (Genoscope, France), Patrick Wincker (Genoscope, France), Vincent Colot (IBENS, France)
antoine.martin@biologie.ens.fr
DNA methylation is an epigenetic mark that is mainly associated in plants with repeat sequences. Loss of this modification leads
notably to a widespread transcriptional reactivation of transposable elements (TEs) as well as increased mobilization of specific
TEs. Loss or gain of DNA methylation over repeat sequences can also impact the expression of neighboring genes, and
because these epigenetic perturbations can be faithfully transmitted across generations, they can lead to the formation of
heritable epimutations, with phenotypic consequences. However, the potential for repeat-associated epimutations and their
stability in plant genomes remain largely unknown. To address these issues, we have performed RNA-seq analysis on ddm1, an
Arabidopsis mutant affected in the epigenetic control of repeat sequences, as well as on several epigenetic Recombinant Inbred
Lines (epiRILs) that were derived from a cross between a wild-type line and an isogenic ddm1 mutant line. Furthermore, we
have taken advantage of the mobilization of specific TEs in the epiRILs to analyze the consequences of new insertions on the
expression of nearby genes, before and after the establishment of de novo DNA methylation. Results of these analyses will be
presented.
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EVOLUTIONARILY CONSERVED HISTONE METHYLATION DYNAMICS DURING THE SEED DORMANCY TO
GERMINATION LIFE-CYCLE TRANSITION IN PLANTS

Kerstin Müller* (Simon Fraser University, Canada), Daniel Bouyer (CNRS, France), Arp Schnittger (CNRS, France), Allison R.
Kermode (Simon Fraser University, Canada)
kerstinm@sfu.ca
Plants have evolved a remarkable ability to adapt to environmental conditions and seasonal changes by synchronizing life-cycle
transitions with changes in the environment. One of the major transitions a seed plant undergoes in its life cycle takes place in
the mature seed: the transition from seed dormancy to germination. Using a newly established nChIP protocol for seeds, we
found that histone methylation patterns on global regulators of dormancy such as ABI3 and DOG1 as well as on the flowering
regulator FLC change dynamically during the transition from seed dormancy to germination in the Arabidopsis dormancy model
accession Cape Verde Islands. These genes switch from bearing the activating histone modification H3K4me3 and being
transcriptionally active during seed dormancy to being silenced by the repressive H3K27me3 mark when seed dormancy is
broken through environmental signals. Deposition of the H3K27me3 mark by the PCR2 complex is necessary to replace the
H3K4me3 mark. Remarkably, we observed this reciprocal regulation not only in the angiosperm Arabidopsis thaliana, but also in
the evolutionarily distant conifer yellow-cedar.
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ENHANCED EXPRESSION OF EPIGENETIC REGULATORS SAFEGUARDS TRANSMISSION OF
TRANSCRIPTIONAL GENE SILENCING IN THE SHOOT APICAL MERISTEM

Ales Pecinka* (Max Planck Institute for Plant Breeding Research, Germany), Tuncay Baubec (Friedrich Miescher Institute for
Biomedical Research, Switzerland), Ortrun Mittelsten Scheid (Gregor Mendel Institute of Molecular Plant Biology, Austria)
pecinka@mpipz.mpg.de
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Repetitive DNA and transposable elements in plants are kept inactive mainly via transcriptional gene silencing (TGS). The
silencing is established by the RNA-directed DNA methylation (RdDM) pathway that targets de novo DNA methylation to the
repeats, followed by accumulation of inactive chromatin marks such as maintenance DNA methylation and histone H3 lysine 9
di-methylation. During experiments with DNA methyltransferase inhibitors we noticed a tissue-specific difference in the
transcriptional activation of transgenic repetitive reporter constructs and endogenous transposons: the repetitive elements were
expressed in cotyledons but not in true leaves of A. thaliana seedlings. This suggested different levels of epigenetic control in
various organs during vegetative growth. Combining a candidate gene approach with inhibitor treatments revealed that lacking
repeat transcription in true leaves is due to a redundant control exerted by de novo and maintenance DNA methylation
pathways. Subsequent genome-wide expression analysis in cotyledons, true leaves and shoot apical meristem (SAM) indicated
that the difference is largely controlled by enhanced transcription of chromatin regulators, including TGS components, in the
SAM. This indicated that TGS surveillance during vegetative growth of the plants is safeguarded by prevalent expression of
TGS genes in actively proliferating tissues. It furthermore indicates a requirement for cooperation between de novo and
maintenance pathways to exert robust TGS.

20

MIRNA-GUIDED GENE REGULATIONS CONTROL THE PHENOTYPES OF ISOGENIC DIPLOID AND TETRAPLOID
WATERMELON AND ARABIDOPSIS LINES

Umesh K. Reddy* (West Virginia State University, USA), Sumanth Manohar (West Virginia State University, USA), Guru
Jagadeeswaran (Oklahoma State University, USA), Sunkar Ramanjulu (Oklahoma State University, USA), Jonica Thompson
(West Virginia State University, USA), Yan Tomason (West Virginia State University, USA), Padma Nimmakayala (West Virginia
State University, USA)
ureddy@wvstateu.edu
Several studies indicated that the miRNAs play an important role in regulating many genes pertaining to biological and
metabolic processes, including tissue identity, developmental timing, and response to environmental stress. Seedless
watermelon types are highly preferred by the US consumers, which are generally, bred using diploid and synthetic tetraploid
types. Synthetic tetraploid watermelons are developed by colchicine treatment of diploid lines. Our laboratory developed
isogenic tetraploid lines from the diploid watermelon types and selfed them for nine generations. These isogenic diploid and
tetraploid lines were phenotyped for three seasons, which indicated that the vegetative tissue is larger than the diploid and fruits
are generally of the same size. Approximately 5 million small RNA reads were obtained from each of the diploid and tetraploid
libraries and initial sequence analysis indicated that the identification of 147 miRNA homologs belonging to 27 conserved
miRNA families in diploid and tetraploid libraries. We noted expression abundance using the deep sequencing data and
validated expression levels using the qRT PCR and Northern blots. miR 156 and miR164 showed higher expression in the
diploid watermelon and Arabidopsis diploid ecotypes when compared with their tetraploid counterparts. Contrastingly, miR168-1
and miR166 expressed more in tetraploid lines than the diploids exactly in the same pattern in both the Arabidopsis and
watermelon suggesting that these miRNAs regulate differentially across the ploidy levels in plants.

21

CONTROL AND FUNCTION OF EPIGENETIC REPROGRAMMING IN POLLEN

Vera K. Schoft* (Gregor Mendel Institute, Austrian Academy of Sciences, Austria), Christian A. Ibarra (University of California,
Berkeley, USA), Jessica A. Rodrigues (University of California, Berkeley, USA), Tzung-Fu Hsieh (University of California,
Berkeley, USA), Xiaoqi Feng (University of California, Berkeley, USA), Assaf Zemach (University of California, Berkeley, USA),
Nina Chumak (Gregor Mendel Institute, Austrian Academy of Sciences, Austria), Adriana Machlicova (Gregor Mendel Institute,
Austrian Academy of Sciences, Austria), Toshiro Nishimura (University of California, Berkeley, USA), M. Yvonne Kim (University
of California, Berkeley, USA), Robert L. Fischer (University of California, Berkeley, USA), Daniel Zilberman (University of
California, Berkeley, USA), Hisashi Tamaru (Gregor Mendel Institute, Austrian Academy of Sciences, Austria)
vera.schoft@gmi.oeaw.ac.at
Genome-wide epigenetic reprogramming occurs in the germ cell lineage of both animals and plants, involving active DNA
demethylation and replacement of histones and their modifications. Epigenetic reconfigurations are important for the control of
transposons, gene imprinting, acquisition of pluri- and totipotency, and normal development. We are using pollen of A. thaliana
to study DNA methylation patterns in the plant male gametophyte. Pollen consists of a terminally differentiated vegetative cell,
and two totipotent sperm cells that are embedded within the vegetative cell. The vegetative cell produces a pollen tube to deliver
the sperm cells to the ovules, whereas the sperm cells fertilize the egg and central cell, respectively. To compare the male germ
cells and its companion cell, we isolated pollen nuclei by fluorescence activated cell sorting and used conventional and shotgun
bisulfite sequencing to analyze DNA methylation. We found localized demethylation of small transposable elements (TEs) in the
vegetative cell genome. These demethylated regions overlap those demethylated in the maternal endosperm, which is the
nourishing tissue surrounding the embryo. As in the female gametophyte, the DNA glycosylase DEMETER (DME) was found to
be responsible for active DNA demethylation in pollen. The observed hypomethylation is accompanied by transcription of
imprinted genes. Furthermore, the vegetative cell CG-demethylated loci show elevated levels of de novo DNA methylation in the
sperm cells, particularly at CHH sites. Lack of DME in vegetative cells causes reduced de novo DNA methylation of the
corresponding TEs in sperm. DNA demethylation of TEs in the vegetative cell was proposed to generate sRNAs that would
reinforce silencing of complementary TEs in sperm. Our data suggests that localized demethylation of small TEs is a common
feature in the genomes of A. thaliana male and female companion cells, and its main function is the maintenance of TE
repression across generations.
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POLYCOMB GROUP PROTEINS PROVIDE A STRUCTURAL SCAFFOLD TO EXPOSE CIS-REGULATORY
ELEMENTS THAT CONTROL TISSUE-SPECIFIC AND PHOTOPERIOD-DEPENDENT REGULATION OF
FLOWERING LOCUS T

Franziska Turck* (Max Planck Institute for Plant Breeding Research, Köln, Germany), Sara Farrona (Max Planck Institute for
Plant Breeding Research, Köln, Germany), Liangyu Liu (Max Planck Institute for Plant Breeding Research, Köln, Germany),
Jessika Adrian (Max Planck Institute for Plant Breeding Research, Köln, Germany), Tingting Ning (Max Planck Institute for Plant
Breeding Research, Köln, Germany)
turck@mpipz.mpg.de
In the facultative long day plant Arabidopsis thaliana, flowering is promoted by the upregulation of FLOWERING LOCUS T (FT)
in the minor veins of leaves. FT protein moves from the leaves to the shoot apex, where a transcription factor-FT promotes the
formation of flowers. FT expression shows a diurnal pattern that is dependent on the stabilization of CONSTANS (CO) protein
at the end of long days. FT is repressed by the chromatin associated Polycomb Group (PcG) pathway that has been implicated
in epigenetic gene regulation, in particular by defining tissue-specific expression patterns of targets genes. We present data that
explain how cis-regulatory elements, CO and PcG proteins cooperate to ensure optimal regulation of FT-controlled flowering.
Cis-regulatory regions at FT are evolutionary conserved among the Brassicaceae and can be separated in a proximal promoter
and a distal enhancer region. The distal enhancer region, which is depleted of the repressive H3K27me3 histone modification
that marks PcG regulated genes, is required for FT activation by long days in wild-type plants. The distal enhancer is not
required for expression in mutants that are affected in the PcG pathway. The partial deletion of PcG-mediated repression
impairs photoperiod-control of FT expression, because these mutants the gene shows a morning peak of expression that is
usually absent in short days. We postulate that PcG repression is important for FT regulation because it blocks access to the
region between the distal enhancer and the proximal promoter and that this region comprises positive cis-elements, which are
not dependent on long day signals. Interestingly, a complete depletion of PcG mediated repression abolishes FT expression.
We show that the lack of properly differentiated vasculature is correlated with a loss of FT expression and conclude that the key
factor for tissue-specificity is not PcG mediated regulation but an as yet unknown signal from the phloem.

23

THE ROLE AND ACTIVITY OF SWI2/SNF2 ATPASES IN ARABIDOPSIS

Doris Wagner* (University of Pennsylvania, USA), Miin-Feng Wu (University of Pennsylvania, USA), Yi Sang (University of
Pennsylvania, USA)
wagnerdo@sas.upenn.edu
The chromatin state is a critical determinant of the identity of a cell and contributes to appropriate responses to environmental
cues. One central mechanism for altering the chromatin state is chromatin remodeling, a process that uses the energy derived
from ATP hydrolysis to alter the interaction between the genomic DNA and the histone octamer in the nucleosome. Among the
best-studied chromatin remodelers are the SWI2/SNF2 ATPases. My lab studies the developmental roles, mechanism of action,
and regulation of SWI2/SNF2 ATPases in plants. Patterning of the floral organs is exquisitely controlled and executed by four
classes of homeotic regulators. Amongst these, the class B and class C floral homeotic regulators are of central importance as
they specify the male and female reproductive organs. Inappropriate induction of the class B gene APETALA3 (AP3) and the
class C gene AGAMOUS (AG) causes reduced reproductive fitness and is prevented by Polycomb repression. At the onset of
flower patterning, Polycomb repression needs to be overcome to allow induction of AP3 and AG. The SWI2/SNF2 chromatin
remodeling ATPases SPLAYED (SYD) and BRAHMA (BRM) are redundantly required for flower patterning and for the activation
of AP3 and AG. SYD and BRM are recruited to the regulatory regions of AP3 and AG during flower development and physically
interact with two direct transcriptional activators of class B and class C gene expression, LEAFY (LFY) and SEPALLATA3
(SEP3). Moreover, SYD binding to the AP3 and AG loci is compromised in lfy and lfy sep3 mutants. This suggests a mechanism
for SWI2/SNF2 ATPase recruitment at the right stage and in the correct cells. Genetic interactions reveal that SYD and BRM act
as trithorax proteins and that the requirement for SYD and BRM in flower patterning can be overcome by partial loss of
Polycomb activity in curly leaf mutants. Our data implicate SYD and BRM in reversal of Polycomb repression for activation of
floral homeotic gene expression.

24

REGULATION OF GENOMIC IMPRINTING IN ARABIDOPSIS THALIANA

Philip Wolff* (ETH Zurich, Switzerland; Swedish University of Agricultural Sciences, Sweden), Claudia Köhler (Swedish
University of Agricultural Sciences, Sweden)
pwolff@ethz.ch
Genomic imprinting is an epigenetic phenomenon leading to parent-of-origin specific differential expression of maternally and
paternally inherited alleles. In plants, genomic imprinting has mainly been observed in the endosperm, an ephemeral triploid
tissue derived after fertilization of the diploid central cell with a haploid sperm cell. In an effort to identify novel imprinted genes
in Arabidopsis thaliana we generated deep sequencing RNA profiles of F1 hybrid seeds derived after reciprocal crosses of
Arabidopsis Col-0 and Bur-0 accessions. Using polymorphic sites to quantify allele-specific expression levels we could identify
more than 60 genes with potential parent-of-origin specific expression. Further experimental confirmation of allele-specific
expression of 30 genes greatly extends the number of imprinted loci in plants. The distribution of DNA methylation and
epigenetic marks established by Polycomb group (PcG) proteins implicate that for maternally expressed genes (MEGs)
repression of the paternally inherited alleles largely depends on DNA methylation or PcG-mediated repression whereas
repression of the maternal alleles of paternally expressed genes (PEGs) predominantly depends on PcG proteins. While
maternal alleles of MEGs are also targeted by PcG proteins, such targeting does not cause complete repression. We will
present novel data that underscore the mechanisms underlying differential regulation of MEGs and PEGs and will discuss
mechanisms driving the evolution of imprinted gene expression.
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ARABIDOPSIS RPT2A, 19S PROTEASOME SUBUNIT, REGURATES GENE SILENCING VIA DNA METHYLATION

Junji Yamaguchi* (Hokkaido University, Japan), Kaori Sako (Hokkaido University & Riken, Japan), Thais Huarancca Reyes
(Hokkaido University)
jjyama@sci.hokudai.ac.jp
The 26S proteasome is an ATP-dependent proteinase complex that is responsible for regulated proteolysis of polyubiquitinated
proteins in eukaryotic cells and is essential for the development of plants. RPT2, a subunit of 19S proteasome is essential for
the channel opening of the α-ring of the 20S proteasome. We have recently discovered that the rpt2a mutant shows a specific
phenotype of enlarged leaves caused by increased cell size correlated with extended endoreduplication, whereas the rpt2b
mutant did not show any morphological difference compared with the wild type (Sonoda et al. Plant J. 60: 68-78, 2009). Here we
report a novel role for the RPT2a in regulating gene activity at the transcriptional level via DNA methylation. The rpt2a mutant
did not alter global protein levels; however, the transcriptional activities of reporter transgenes were severely reduced compared
to those in the wild type. This transcriptional gene silencing (TGS) was observed for transgenes under control of either the
constitutive CaMV 35S promoter or the cold-inducible RD29A promoter. Bisulfite sequencing analysis revealed that both the
transgene and endogenous RD29A promoter regions were hypermethylated at CG and non-CG contexts in the rpt2a mutant.
Moreover, the TGS of transgenes driven by the CaMV 35S promoters was released by treatment with the DNA methylation
inhibitor 5-aza-2’-deoxycytidine, but not by application of the inhibitor of histone deacetylase Trichostatin A. Genetic crosses
with the DNA methyltransferase met1 single or drm1drm2cmt3 triple mutants also resulted in a release of CaMV 35S transgene
TGS in the rpt2a mutant background. Increased methylation was also found at transposon sequences, suggesting that the 19S
proteasome containing AtRPT2a negatively regulates TGS at transgenes and at specific endogenous genes through DNA
methylation (Sako et al. PLoS ONE, in press).
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ATYPICAL DNA METHYLATION OF GENES ENCODING CYSTEINE-RICH PEPTIDES IN ARABIDOPSIS THALIANA

Wanhui You* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Agata Tyczewska (Gregor Mendel Institute of
Molecular Plant Biology, Austria, Present address: Institute of Bioorganic Chemistry, Poland), Matthew Spencer (Gregor Mendel
Institute of Molecular Plant Biology, Austria), Lucia Daxinger (Gregor Mendel Institute of Molecular Plant Biology, Austria,
Present address: Queensland Institute of Medical Research, Australia), Marc Schmid (Institute of Plant Biology, University of
Zurich, Switzerland), Ueli Grossniklaus (Institute of Plant Biology, University of Zurich, Switzerland), Stacey Simon (Department
of Plant and Soil Sciences, Delaware Biotechnology Institute, USA), Blake C. Meyers (Department of Plant and Soil Sciences,
Delaware Biotechnology Institute, USA), Antonius J.M. Matzke (Gregor Mendel Institute of Molecular Plant Biology, Austria),
Marjori Matzke (Gregor Mendel Institute of Molecular Plant Biology, Austria)
wanhui.you@gmi.oeaw.ac.at)
In plants, transposons and non-protein-coding repeats are epigenetically silenced by CG and non-CG methylation. This pattern
of methylation is mediated in part by small RNAs and two specialized RNA polymerases, Pol IV and Pol V, in a process called
RNA-directed DNA methylation. By contrast, many protein-coding genes transcribed by Pol II contain in their gene bodies
exclusively CG methylation that is independent of small RNAs and Pol IV/Pol V activities. It is unclear how the different
methylation machineries distinguish between transposons and genes. We performed a methylation-sensitive amplification
polymorphism analysis to search for targets of RNA-directed DNA methylation in Arabidopsis thaliana and identified several
members of a gene family encoding cysteine-rich peptides (CRPs). In leaves, the CRP genes are silent and their coding regions
contain dense CG, CHG and CHH methylation, which depend partly on the Pol IV/Pol V pathway and small RNAs. Methylation
in the coding region is reduced, however, in the synergid cells of the female gametophyte, where the CRP genes are specifically
expressed. Further demonstrating that expressed CRP genes lack gene body methylation, a CRP4-GFP fusion gene under the
control of the constitutive 35S promoter remains unmethylated in leaves and is transcribed to produce a translatable mRNA. By
contrast, a CRP4-GFP fusion gene under the control of a CRP4 promoter fragment acquires CG and non-CG methylation in the
CRP coding region in leaves similar to the silent endogenous CRP4 gene. We discuss this unusual methylation pattern and its
alteration in synergid cells as well as the possible retrogene origin and evolutionary significance of CRP genes that are
methylated like transposons.
Posters: Plant Defense
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INVESTIGATING PROTEIN DYNAMICS IN THE ARABIDOPSIS MAPK4 PATHWAY BY MEANS OF FLUORESCENT
PROTEIN TAGGING

Monica Agarwal* (Heriot-Watt University, UK), Rory Duncan (Heriot-Watt University, UK), Alan Greenway (Heriot-Watt
University, UK), Peter Morris (Heriot-Watt University, UK)
ma749@hw.ac.uk
The Arabidopsis signal transduction pathway composed of MEKK1, MKK1/MKK2 and MPK4 is a key regulator of basal
resistance, systemic acquired resistance and abiotic stress resistance. This pathway has been well studied at the genetic and
biochemical level, but relatively little is known about the dynamics and interactions of the proteins within the cell, and what
differentiates a biotic from an abiotic response in terms of protein localization and interaction. We present our experimental
approach and data obtained by observing fluorescently tagged proteins in vivo. The four genes comprising the pathway have
been fused at N or C terminal with derivatives of GFP (mcherry, YFP, GFP) and cloned into binary vectors. Agrobacterium
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tumefaciens has been used to carry out both transient and stable transformations of Arabidopsis, and the intracellular location of
the proteins before and after biotic or abiotic stress has been determined by confocal microscopy using advanced techniques
such as FLIM. Cellular organelles have also been identified by means of specific dyes such as the Draq5 nuclear stain. Proteinprotein interaction will also be investigated in plants bearing multiple transgenes with complementary excitation and emission
wavelengths by means of combination of FRET-FLIM analysis. These experiments illuminate the complexities of MAP Kinase
signalling in plants.
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THE INTERPLAY BETWEEN CYTOKININ AND SALICYLIC ACID SIGNALING COORDINATES ACTIVATION OF
DEFENSE PRIMING IN ARABIDOPSIS

Cris Argueso* (Colorado State University USA), Dandan Hadju (Colorado State University, USA), Daniel Bush (Colorado State
University, USA), Jeff Dangl (University of North Carolina at Chapel Hill, USA), Joseph Kieber (University of North Carolina at
Chapel Hill, USA)
cris.argueso@colostate.edu
The past decades have revealed an important role for hormones in plant immunity. We are now beginning to understand the
contribution of crosstalk among different hormone signaling networks to the outcome of plant-pathogen interactions. Cytokinins
are plant hormones involved in the regulation of many aspects of plant development and responses to the environment. In
Arabidopsis, cytokinin signaling involves a phosphorelay pathway similar to two-component response systems used by bacteria
and yeast to perceive and react to various environmental stimuli. In previous studies (Argueso et al., PLoS Genetics 2011) we
have uncovered that components of cytokinin signaling contribute to limiting the growth of a pathogenic isolate of the oomycete
Hyaloperonospora arabidopsidis in Arabidopsis plants, through the interplay between the plant hormones cytokinin and salicylic
acid (SA). Pre-treatment of Arabidopsis and rice plants with cytokinin leads to enhancement of SA-dependent defense
responses upon pathogen exposure, in a process similar to defense priming. These functions for cytokinin in plant immunity
require an intact host cytokinin phosphorelay system, and are mediated in part by type-A ARRs, which act as negative
regulators of defense gene expression. We are now continuing to explore the role of cytokinins in plant immunity and defense
priming with a focus on type-A ARR function.
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TRANSIENT ENHANCED SUSCEPTIBILITY OF AN ARABIDOPSIS THALIANA MUTANT (RBOH-D ) TO
PSEUDOMONAS SYRINGAE PV. TOMATO DC 3000 IS SUPPRESSED BY HYDROGEN PEROXIDE

Renata Bacso* (Plant Protection Institute, Centre for Agricultural Research, HAS, Budapest, Hungary), Eszter Besenyei (Plant
Protection Institute, Centre for Agricultural Research, HAS, Budapest, Hungary), Lorant Kiraly (Plant Protection Institute, Centre
for Agricultural Research, HAS, Budapest, Hungary)
bacso@nki.hu
The importance of reactive oxygen species (ROS) has been observed in several resistant host/pathogen interactions. We have
been investigating the role of the ROS hydrogen peroxide (H2O2) in resistance to bacterial pathogens in the Arabidopsis RBOHD mutant that is unable to produce H2O2. First, we monitored changes in bacterial levels in seedlings and adult 5-weeks-old
6
plants 12, 24, and 48 hours after Pseudomonas syringae pv. tomato DC3000 inoculation (10 cells / ml). Bacterial cell numbers /
2
cm leaf were not notably different between mutant and wild type. In order to see if RBOH-D alters susceptibility at early stages
of bacterial infection we determined bacterial levels 6 hours after inoculation (HAI). Bacterial levels were higher in RBOH-D than
in the wild type. To clarify the role of H2O2 deficiency in the transient enhanced susceptibility of RBOH-D we infiltrated plants
with ROS-generating agents (133 uM riboflavine, 10 mM H2O2 and 200 U glucose+glucose oxidase solutions) 2 HAI and
determined bacterial numbers in planta at 6 HAI. Interestingly, in the ROS-infiltrated RBOH-D mutant plants the number of
bacterial colonies was lower than without infiltration. 10 mM H2O2 could suppress bacteria in the mutant to the same levels as in
case of the wild type without ROS-infiltration. This means that artificially generated H2O2 suppressed the RBOH-D mutant
phenotype (i.e. transient enhanced susceptibility). In cases when we used riboflavine and glucose+glucose oxidase solutions,
bacterial levels decreased even more significantly, probably indicating an excess concentration of H2O2 in planta. All of the
above-mentioned experiments support the claim that H2O2 may have an important role in inhibiting pathogens and disease
symptoms in plants in early stages of infection.
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CHARACTERIZATION OF SUPPRESSORS OF THE LESION MIMIC VAD1 MUTANT: A WAY TO IDENTIFY KEYS
GENES INVOLVED IN CELL DEATH AND DEFENSE RESPONSES TO PATHOGENS IN ARABIDOPSIS

Claudine Balagué* (INRA-CNRS, LIPM, Toulouse, France), Mehdi Khafif (INRA-CNRS, LIPM, Toulouse, France), Olivier
Bouchez (INRA-CNRS, LIPM, PLATEFORME GENOMIQUE, Toulouse, France), Sébastien Carrere (INRA-CNRS, LIPM,
Toulouse, France), Jérome Gouzy (INRA-CNRS, LIPM, Toulouse, France), Dominique Roby (INRA-CNRS, LIPM, Toulouse,
France)
Claudine.balague@toulouse.inra.fr
The molecular mechanisms underlying programmed cell death in plants are still poorly understood, especially those related to
the Hypersensitive Response, a form of programmed cell death associated with disease resistance. We previously identified an
Arabidopsis lesion mimic mutant vad1 (for vascular associated death) which exhibits propagative HR-like lesions along the
vascular system, and an increased resistance to different strains of Pseudomonas syringae. Using a combination of molecular,
genetic and biochemical approaches, we previously showed that VAD1 could act as an integrative node in hormonal signaling,
with ET acting in concert with SA, and as a positive regulator of cell death propagation (Lorrain et al., 2004; Bouchez et al.,
2007). This mutant has been used as the starting point for the identification of new actors of cell death pathways, by search for
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suppressors of vad1-associated phenotypes (svd). 27 mutants were isolated: 15 without any lesions, 12 with different lesions.
Among the 15 mutants without lesion, we characterized in depth three of them svd11, svd118, and svd142. The three mutations
segregate as single recessive alleles. During development and in response to pathogen inoculation, the corresponding mutants
exhibit a drastic decrease of PR1 defense-related marker expression as compared to vad1. However, broad-spectrum defense
mechanisms remained functional in these mutant plants, which behave as the wild-type. Identification of the genes that are
affected by these mutations, is underway using NGS technologies and classical mapping.
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MAPK-PHOSPHATASES IN CHARGE OF EVENTS DOWNSTREAM OF PAMP PERCEPTION

Justyna Boniecka* (Max F. Perutz Laboratories, University and Medical University of Vienna, Austria), Alois Schweighofer (Max
F. Perutz Laboratories, University and Medical University of Vienna, Austria; Institute of Biotechnology, University of Vilnius,
Lithuania), Irute Meskiene (Max F. Perutz Laboratories, University and Medical University of Vienna, Austria; Institute of
Biotechnology, University of Vilnius, Lithuania)
justyna.boniecka@univie.ac.at
Plants immobility implies high importance of fast signal perception and transduction. Signatures coming from pathogens
(Pathogen Associated Molecular Patterns - PAMPs) are perceived by the Pattern Recognition Receptors (PRRs) inducing
downstream events aiming to strengthen plants’ responses against pathogens. Mitogen-activated protein kinase (MAPK)
pathways relay signals from the PRRs and trigger the appropriate intracellular responses. The pathway consists of protein
kinases acting in a sequential manner: MAPKKK activates MAPKK, which in turn activates MAPK. The cascade is activated
upon the perception of pathogen by means of phosphorylation. Active forms of MAPKs act either on cytoplasmic proteins or
shuttle to the nucleus, where they phosphorylate transcription factors and lead to changes in gene expression. However, very
little is known about the functions of negative regulators of MAPKs in plants. Arabidopsis protein phosphatases of the type 2C,
which belong to the cluster B (AP2Cs) of the PP2C gene family, contain Kinase Interaction Motif (KIM) that allows them to
interact with MAPKs. This interaction enables the phosphatases to dephosphorylate and inactivate MAPKs. Specific and high
upregulation of AP2Cs upon the perception of PAMPs suggests their importance in controlling plant responses to pathogens.
We have investigated knock out mutant lines as well as plant lines overexpressing the protein phosphatases, called PAMPInduced Protein Phosphatase 1 (PIPP1), PIPP5 and PIPP6. We studied PAMP responses, such as MAPK activities and gene
expression analyses. Correlation of data between gene expression and MAPK activation suggests potential candidate genes
that are being regulated downstream of MAPKs. Moreover, we studied the impact of these MAPK-phosphatases towards the
control of pathogen burden in Arabidopsis plants. Our results suggest that MAPK phosphatases act as regulators of plant
responses to pathogens.
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INVESTIGATION OF APOPLASTIC EFFECTORS FROM HYALOPERONOSPORA ARABIDOPSIDIS AND THEIR
RECOGNITION BY RECEPTORS IN ARABIDOPSIS THALIANA

Gülin Boztaş* (University of Worcester, United Kingdom), Alison Woods-Tör (University of Worcester, United Kingdom), Mahmut
Tör (University of Worcester, United Kingdom)
g.boztas@worc.ac.uk
Downy mildew is a destructive plant disease, caused by oomycete pathogens, affecting plants like tomato, lettuce, grapevine,
and potato, therefore causing a significant economic loss. These pathogens secrete effectors molecules that can either trigger
defense responses or suppress immune system. Pathogens deliver effector molecules either to apoplast or cytoplasm. This
study focuses on apoplastic effectors in the Arabidopsis thaliana-Hyaloperonospora arabidopsidis (Hpa) system. Using
bioinformatics, more than 3000 putative secreted proteins from Hpa were investigated and 6 candidates that have the potential
to be apoplastic were selected. Their expression patterns were determined using RT-PCR. The selected genes have been
cloned, sequenced verified, and transformed into Agrobacterium and expression vectors for further studies. In addition, we are
taking proteomic approach to determine possible secreted molecules in the apoplast using intercellular wash fluid from infected
plant materials. We aim to determine a) if any of these proteins activate the host’s innate immune system and b) if any PRR is
involved in the recognition. Recent results will be presented.
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PROTEINS INVOLVED IN SYSTEMIC ACQUIRED RESISTANCE (SAR) IN PLANTS

Heiko Breitenbach* (Helmholtz Zentrum Muenchen, Germany), Hakan Sarioglu (Helmholtz Zentrum Muenchen, Germany),
Thomas Colby (Max Planck Institute for Plant Breeding Research, Germany), Jane E. Parker (Max Planck Institute for Plant
Breeding Research, Germany), A. Corina Vlot (Helmholtz Zentrum Muenchen, Germany, Max Planck Institute for Plant
Breeding Research, Germany)
heiko.breitenbach@helmholtz-muenchen.de
Systemic acquired resistance (SAR) plays a fundamental role in protecting plants against various diseases. SAR is a state of
heightened defense, which is activated systemically following a primary infection. Prior to SAR establishment, mobile signals are
transported from the infected site through the phloem to the systemic leaves. SAR-like disease resistance can be induced by
over expression of the bacterial effector AvrRpm1 from a dexamethasone-inducible transgene. Thus induced resistance
reduces growth of virulent bacteria in systemic, non-AvrRpm1-expressing tissues. ENHANCED DISEASE SUSCEPTIBILITY1
(EDS1) encodes one of the main regulators of SA signaling and is essential for SAR signal generation and/or transmission
(Jorda, Vlot, and Parker, personal communication). By comparing the protein profile of AvrRpm1-expressing wild type plants
against similar extracts from eds1 mutant plants we identified new potential SAR-inducing signals or signaling regulators. 2Dgel, LC-MS/MS and ICPL analysis (Isotope-Coded Protein Labeling) led to the detection of 21 proteins, which reproducibly
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accumulate in the apoplast of AvrRpm1-expressing plants in an EDS1-dependent manner. SAR experiments with two T-DNA
insertion knock out (KO) mutants of two genes encoding candidate proteins revealed that SAR was compromised in both KO
mutants indicating that these proteins may play an important role in SAR. Furthermore, gene expression analysis before and
after pathogen attack in the T-DNA insertion lines compared to Col-0 wild type plants showed that one gene is significantly
induced after pathogen infection in the Col-0 wildtype plants. The proteins of interest will be characterized further for their role in
SAR, e.g. in plants over expressing the corresponding genes.

34

MOLECULAR MECHANISM BEHIND CROSS-TALK BETWEEN SALICYLIC ACID- AND JASMONIC ACIDDEPENDENT PATHWAYS IN ARABIDOPSIS

Lotte Caarls* (Utrecht University, The Netherlands), Dieuwertje van der Does (Utrecht University, The Netherlands), Antonio
Leon-Reyes (Universidad San Francisco de Quito, Ecuador), Annemart Koornneef (Utrecht University, The Netherlands), Nicole
Roodenburg (Utrecht University, The Netherlands), Johan Memelink (Institute of Biology Leiden, The Netherlands) Saskia van
Wees (Utrecht University, The Netherlands), Corné Pieterse (Utrecht University, The Netherlands)
l.caarls@uu.nl
The signaling molecules salicylic acid (SA) and jasmonic acid (JA) play major roles in the plant immune signaling network.
Cross-communication between the SA- and JA-controlled signaling pathways modulates induced plant immune responses,
leading to a fine-tuned defense response that is directed to the attacker. In Arabidopsis thaliana, SA suppresses expression of
JA-responsive genes, among which PDF1.2 and VSP2. Here, we aim to unravel how SA can exert its antagonistic effect on JAresponsive gene expression and where in the JA signaling pathway this action is taking place. CORONATINE INSENSITIVE 1
COI1
(COI1), which is part of the SCF
complex, is an essential component in the JA signaling pathway. We show that SA can still
suppress ERF1-induced PDF1.2 expression in plants mutated in COI1, demonstrating that SA can target the JA signaling
COI1
pathway downstream of SCF . In addition, JASMONATE ZIM-domain transcriptional repressor proteins (JAZs), that regulate
JA-responsive gene expression, were shown not to be a target of SA. Instead, the antagonistic effect of SA appears to be
directly targeted at the level of gene transcription. In silico promoter analysis of JA-induced genes that are suppressed by SA
revealed an overrepresentation of the GCC box, which is a binding site for AP2/ERF transcription factors. By using plants that
carry the GUS reporter gene under control of four copies of the GCC-box, we demonstrated that the GCC-box is a sufficient
element for SA-induced suppression of JA-induced gene expression. The AP2/ERF transcription factors ORA59 and ERF1
function as important activators of the JA responsive gene PDF1.2. We recently obtained evidence that protein levels of ORA59
are downregulated after SA treatment. Collectively, our data indicate that SA-mediated suppression of JA signaling is mediated
by targeting positive transcriptional regulators of the JA response.
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CELL WALL MODIFICATIONS DURING CYST NEMATODE FEEDING SITE DEVELOPMENT ARE MEDIATED BY
AUXIN

Laura Davies* (University of Leeds, UK), Catherine Lilley (University of Leeds, UK), Paul Knox (University of Leeds, UK), Peter
Urwin (University of Leeds, UK)
bgy4ljd@leeds.ac.uk
The plant parasitic cyst nematode Heterodera schachtii forms a specialised feeding cell in the roots of host plants. The feeding
site, termed a syncytium, is the sole source of nutrition for the developing parasitic nematode. The initiation and development of
a syncytium requires extensive re-programming of gene expression in the specific root cells selected by the nematode for
feeding site initiation. Auxin is postulated to play a role in this re-differentiation process. Nematode infection of Arabidopsis auxin
signalling mutants and subsequent analysis of syncytial size, revealed H. schachtii develop smaller syncytia on the mutants
examined. The contents of syncytia were microaspirated from wild type Arabidopsis and selected auxin signalling mutants. This
material was used to analyse the syncytial expression of auxin responsive genes by RT-qPCR analysis; the results of which
indicated that auxin is involved in regulating the cell wall remodelling that occurs during syncytial development. Transverse
sections through syncytia formed by adult female nematodes revealed structural differences, which suggest expansion of the
syncytia throughout the vascular cylinder is impeded in plants with an aberrant auxin signalling pathway. To investigate the
structural architecture of the syncytial cell walls, monoclonal antibodies were directed against specific cell wall components. The
cellulose, hemicelluloses and pectin components of syncytial cell walls in wild type and auxin signalling mutant plants were
similar. However, differences were observed in the structural protein components of syncytial cell walls.
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A NOVEL STRESS-INDUCED PLANT PEPTIDE FUNCTIONAL IN INCREASING TOLERANCE TO OXIDATIVE
STRESS IN YEAST AND PLANTS

Barbara De Coninck* (KU Leuven, Belgium), Delphine Carron (KU Leuven, Belgium), Patrizia Tavormina (KU Leuven, Belgium),
Karin Thevissen (KU Leuven, Belgium), Janick Mathys (KU Leuven, Belgium), Bruno P.A. Cammue (KU Leuven, Belgium)
barbara.deconinck@biw.kuleuven.be
Oxidative stress is caused by an imbalance between the production of reactive oxygen species (ROS) and the ability of the
challenged organism to neutralize them. Also plants encounter oxidative stress after challenge with pathogens (such as Botrytis
cinerea), abiotic stress or after treatment with ROS-inducing agents such as the herbicide paraquat. Although evidence
accumulates on the role of plant peptides in the response to external conditions, the number of peptide-encoding genes in the
genome is still underestimated and information on biologically functional plant peptides is scarce. Using tiling arrays, we
identified 176 unannotated transcriptionally active regions (TARs) in Arabidopsis thaliana that were induced upon oxidative
stress generated by paraquat. These 176 TARs could be translated into 575 putative oxidative stress-induced peptides (OSIPs).
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A high-throughput functional assay was used in the eukaryotic model organism Saccharomyces cerevisiae allowing us to test
the potential of these OSIPs to increase oxidative stress tolerance. In this way, we identified the decapeptide OSIP108 that,
upon overexpression in yeast, resulted in a significant rise in tolerance to hydrogen peroxide (H2O2). In addition, exogenous
application of OSIP108 to H2O2-treated yeast also resulted in a significantly increased survival. Moreover, OSIP108
overexpression A. thaliana plants and OSIP108 infiltrated A. thaliana leaves showed increased tolerance to treatment with
paraquat, confirming the potential of this peptide in enhancing oxidative stress tolerance in lower (yeasts) and higher (plants)
eukaryotes. In addition, OSIP108 is also found induced by B. cinerea. Further in depth characterization of OSIP108 during
(a)biotic stress responses and its in planta occurrence is ongoing and will be discussed.
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EARLY SIGNALING IN PLANT IMMUNITY

Tenai Eguen* (University of California, San Diego), Zhouxin Shen (University of California, San Diego), Michelle Lee (University
of California, San Diego), Earl Kang (University of California, San Diego), Steve Briggs (University of California, San Diego)
teguen@ucsd.edu
PAMP triggered immunity (PTI) and Effector triggered Immunity (ETI) are two forms of disease resistance mounted by plants to
fight pathogen infection. Either ETI or PTI can trigger systemic acquired resistance (SAR), which requires elevated Salicylic Acid
(SA) levels and consequent redox activation of NPR1. Exogenous application of BTH can serve as a potent substitute for
elevated SA levels. To identify the proteins that change in abundance or phosphorylation during early defense signaling, we
used liquid chromatography electro-spray ionization tandem mass spectrometry (LC ESI MSMS) to survey the Arabidopsis
thaliana leaf proteome following 5 minutes of BTH treatment. Changes in protein levels were measured by extracting total
protein, converting proteins to tryptic peptides, labeling the peptides with iTRAQ mass tags, and comparing the iTRAQ tag
intensities from the different samples to each other. The levels of 7,153 proteins were compared; 49 proteins were observed to
change in abundance following BTH treatment. A total of 2,384 phosphopeptides were identified derived from 1,105 proteins.
The levels of 45 of these phosphopeptides changed in response to BTH. Several of the affected proteins are known to play
important roles in jasmonic acid signaling, stress tolerance, hypersensitive response, reactive oxygen species (ROS) signaling,
or cell death. The magnitudes of response to BTH plus literature-based annotations were used to select 16 proteins for
evaluation. We identified 6 proteins that are required for immunity to the bacterial and oomycete pathogens Pseudomonas
syringae pv. tomato DC3000 and Hyaloperonospora arabidopsidis. Each of these proteins is necessary for PTI to Ps. syringae
and some are also needed for PTI to H. arabidopsidis.
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STRUCTURAL PHLOEM PROTEINS IN ARABIDOPSIS

Antonia M. Ernst* (Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany), Stephan B. Jekat
(Fraunhofer Institute for Molecular Biology and Applied Ecology (IME), Germany), Dirk Prüfer (Fraunhofer Institute for Molecular
Biology and Applied Ecology (IME), Germany; Institut für Biologie und Biotechnologie der Pflanzen, Westfälische WilhelmsUniversität Münster, Germany), Gundula A. Noll (Institut für Biologie und Biotechnologie der Pflanzen, Westfälische WilhelmsUniversität Münster, Germany)
a.ernst@uni-muenster.de
The phloem of higher plants enables the translocation of photoassimilates from producing source to non-photosynthetic sink
tissues and furthermore allows for inter-organ communication throughout the whole plant body. The functional units of this high
pressure system are the sieve element/companion cell (SE/CC) complexes. The transporting sieve tubes are formed by
consecutively connected SEs, which are morphologically well adapted to their function: All components of mature SEs are found
in a parietal position and cell walls at the end-to-end connections form sieve plates characterized by large sieve pores to enable
efficient mass flow. However, if the phloem system is wounded, valuable photoassimilates might be lost and pathogens might
invade and systemically spread throughout the sieve tube network. Therefore, many angiosperms evolved a fast wound sealing
mechanism based on structural phloem proteins (P-proteins), which are released from their parietal position and form viscous
plugs at the downstream located sieve plates. Recently, these characteristic SE components could be shown to be encoded by
genes of the SEO (Sieve Element Occlusion) family. We present a detailed characterization of two Arabidopsis SEO genes
(AtSEOa and b) and the corresponding proteins, including computational analysis, their spatio-temporal expression profiles, the
appearance of AtSEO proteins tagged with a fluorescent reporter and functional analysis of AtSEO knockdown mutants. Our
results suggest a common molecular origin for P-proteins found in the sieve elements of all dicotyledonous plants and underline
their long-discussed role in fast phloem wound sealing.
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THE AGC2 KINASE OXI1 REGULATES SALICYLIC ACID-DEPENDENT PLANT IMMUNITY AND CELL DEATH
PROGRAMS IN ARABIDOPSIS

Ana Victoria Garcia* (URGV - Plant Genomics Research, France), Celine Forzani (Max Perutz Laboratories, Austria), Claudine
Balagué (LIPM - Laboratory of Plant Microbe Interactions, France), Eduardo Bueso (URGV - Plant Genomics Research,
France), Jean Colcombet (URGV - Plant Genomics Research, France), Heribert Hirt (URGV - Plant Genomics Research,
France)
garcia@evry.inra.fr
Detection of conserved microbe- or damage-associated molecular patterns (MAMPs or DAMPs) by plants leads to the rapid
activation of a series of cellular signaling events, such as an oxidative burst and activation of MAP kinase cascades, which
eventually lead to the induction of plant immunity. Arabidopsis OXI1 is a Serine/Threonine kinase rapidly activated by oxidative
stress and various signals mimicking pathogen attack that is required for plant immunity and the appropriate activation of the
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stress-induced MAP kinases MPK3 and MPK6. Whereas animal AGC kinases are central regulators of cell death programs and
growth in response to environmental stresses and growth factors, little is known about the function of AGC kinases in these
processes in plants. To further assess the function of Arabidopsis OXI1, we generated transgenic lines expressing tagged OXI1
under its own promoter and selected lines with different levels of protein accumulation. Our results show that OXI1 over
expression leads to developmental defects, including reduced growth and severe leaf necrosis. The appearance of necrotic
lesions correlates with the misregulation of the activation of MAP kinases, accumulation of the defense hormone salicylic acid
and transcriptional reprogramming of defense and cell death regulatory genes. Furthermore, OXI1 over expressing lines display
increased disease resistance to biotrophic pathogens and altered pathogen-induced cell death programs. In sum our results
suggest that, similarly to the function of AGC kinases in animals, the OXI1 kinase plays an important role in controlling plant
growth, disease resistance and cell death programs in Arabidopsis.
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ANALYSIS OF THE NUCLEAR PROTEOME IN PTI

Wolfgang Hoehenwarter* (University of Vienna, Austria), Roman Bauer (University of Vienna, Austria), Wolfram Weckwerth
(University of Vienna, Austria), Irute Meskiene (Max F. Perutz Laboratories, Austria)
wolfgang.hoehenwarter@univie.ac.at
We have isolated a highly enriched nuclear protein fraction from Arabidopsis thaliana leaves. The quality of the nuclear isolation
was confirmed by DAPI staining and bright field and UV-microscopy; the purity of the nuclear protein fraction by western blotting
and mass spectrometry. We treated mature six weeks old Arabidopsis thaliana plants with flg22 and elf 18, the N-terminal
epitopes of the flagellin and EF-Tu that elicit PTI. We analyzed the nuclear protein fractions of these plants with LC-MS to
determine the effects downstream of MAPK activation. We identified 1774 peptides, 781 proteins and 309 phosphorylated
peptides in total and found significant differential regulation of the abundance of proteins involved in defense signaling. As
expected, pathogenesis related protein 5 (PR5) was positively regulated when plants were treated with either elicitor.
Calreticulin 3 (CRT3) was positively regulated under elf18 treatment, indicative of the necessity of CRT3 for the proper
accumulation and biogenesis of EFR, the PRR that recognizes Ef-TU. Interestingly, CRT3 was down-regulated below wild type
levels under flg22 treatment although it has not been implicated in flagellin signaling. Also, GRP7, GRP8 and GRP3 were
negatively regulated under flg22 treatment, indicative of efflux from the nucleus and an involvement of GRPs in flagellin
signaling. Based on the preliminary investigation of the data our analysis of the nuclear proteome of elicitor treated plants
contains some highly interesting novel findings regarding compartmentalization and protein shuttling in PTI.
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IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION OF ERF115 GENE CODING FOR A TRANSCRIPTION
FACTOR INVOLVED IN TOLERANCE TO HIGH SALINITY STRESS IN ARABIDOPSIS THALIANA

Loreto Holuigue* (Pontificia Universidad Católica de Chile, Facultad de Ciencias Biológicas, Departamento de Genética
Molecular y Microbiología, Núcleo Milenio en Genómica Funcional de Plantas), Luis León (Pontificia Universidad Católica de
Chile, Facultad de Ciencias Biológicas, Departamento de Genética Molecular y Microbiología, Núcleo Milenio en Genómica
Funcional de Plantas), María José Casaubón (Pontificia Universidad Católica de Chile, Facultad de Ciencias Biológicas,
Departamento de Genética Molecular y Microbiología, Núcleo Milenio en Genómica Funcional de Plantas)
lholuigue@bio.puc.cl
Among abiotic stress conditions, high salinity becomes very important because of its wide distribution and the negative effects
on plant growth and production. With the purpose to identify transcription factors that control the root response to regulate ionic
homeostasis, we made an in silico analysis of the Arabidopsis transcriptome induced specifically in roots under salt treatments,
by using public available microarray data. Differentially expressed genes under high salinity stress were identified and clustered
according to their expression profiles. We performed a gene network analysis of genes induced in roots by salinity and we
selected the ERF115 transcription factor that showed the greatest number of interactions in the network. Using RT-qPCR we
proved that ERF115 is selectively induced in roots by high salt treatments. We identified and characterized an homozygous
insertional mutant line erf115/erf115, which is null for ERF115 expression. The mutant line had a dwarf phenotype compared to
WT plants under salinity stress (300 mM NaCl), reflected by a lesser rossete diameter and fresh weight in the mutant line
compared to wild type. Moreover, we found that the roots of erf115/erf115 lines are shorter than roots of WT plants treated with
NaCl. In fact, assays in plate show that the mutant line has less lateral roots than wild type plants at 50 mM of NaCl. With the
purpose to identify the targets of ERF115 we are performing a root transcriptome analysis of erf115/erf115 mutant under salt
stress. These results suggest an important role for ERF115 in the tolerance to salinity stress in roots.
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ARABIDOPSIS WRKY, STP1, POSITIVELY REGULATES DEFENSE SIGNALING IN INTERACTION BETWEEN
PECTOBACTERIUM AND ARABIDOPSIS

D.J. Hwang* (National Academy of Agricultural Science, Rural development Administration, Suwon, Korea), H.S. Kim (National
Academy of Agricultural Science, Rural development Administration, Suwon, Korea), C.H. Choi (National Academy of
Agricultural Science, Rural development Administration, Suwon, Korea), Y. H. Park (National Academy of Agricultural Science,
Rural development Administration, Suwon, Korea), I.P. Ahn(National Academy of Agricultural Science, Rural development
Administration, Suwon, Korea), S.R. Park (National Academy of Agricultural Science, Rural development Administration,
Suwon, Korea)
djhwang@rda.go.kr
To study the interaction between Pectobacterium and Arabidopsis we screened Arabidopsis T-DNA lines. We obtained several
lines that did show difference in symptoms compared to wild type. Among them the stp (Susceptible to Pectobacterium) 1
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mutant showed enhanced susceptibility to Pectobacterium carotovorum sp. carotovorum (Pcc). In contrast, the stp1 mutant did
not show difference in symptom upon infection of Pseudomonas syringae pv. syringae (Pst) DC3000 compared to wild type.
STP1 protein is a WRKY type transcription factor belonging in group III. However, the function of STP1 has not been reported
yet. Therefore, to investigate function of STP1, we have generated STP1 ox lines. STP1 ox lines showed enhanced resistance
to Pcc compared to wild type, while the transgenic lines didn’t show altered response to the Pst DC3000. PDF1 was upregulated in STP1 ox lines. Based on promoter transient assay, STP1 enhanced expression of reporter gene downstream of
PDF1 promoter. We also demonstrated that STP1 can bind the W-box of PDF1 promoter. It appears that STP1 is a positive
regulator in Pcc related defense signaling.
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IDENTIFYING ARABIDOPSIS THALIANA AND PSEUDOMONAS SYRINGAE GENES INVOLVED WITH HOPAM1
PERCEPTION, REGULATION AND FUNCTION IN PAMP- AND EFFECTOR-TRIGGERED IMMUNITY

Michail Iakovidis* (University of North Carolina at Chapel Hill, USA), Matthew Cowper (University of North Carolina at Chapel
Hill, USA), Teresa Law (University of North Carolina at Chapel Hill, USA), Ajay Kumar Goel (Dupont, India), Derek S. Lundberg
(University of North Carolina at Chapel Hill, USA), Chiharu Akimoto-Tomiyama (National Institute of Agrobiological Sciences,
Japan), Meredith Horton (Wake Forest University, USA), Sarah Grant (University of North Carolina at Chapel Hill, USA)
iakovidi@email.unc.edu
An excellent model to study fundamental plant-pathogen interactions exists in the Arabidopsis thaliana-Pseudomonas syringae
model. P. syringae is a gram-negative bacterium that carries a repertoire of 10-30 effector proteins that are delivered through
the Type Three Secretion System (TTSS) into the host cell. P. syringae pv. tomato DC3000 can cause disease in Solanum
lycopersicum, A. thaliana, Nicotiana benthamiana and many other plants. The HopAM1 effector protein alone can confer a
growth advantage to a weakly pathogenic strain of P. syringae pv. maculicola, however, its deletion from a virulent strain of P.
syringae did not affect growth. In addition, when HopAM1 is delivered through another non-pathogenic bacterium, P.
fluorescens, it triggers ecotype-dependent Hypersensitive Response (HR). Preliminary mapping of an F2 population from a
responsive (Bur-0) and a non-responsive ecotype (Col-0) suggests that there are at least two recessive genes on the bottom
arms of chromosomes 4 and 5 controlling HopAM1-dependent HR. Wild type P. syringae does not trigger an HR on the same A.
thaliana ecotypes. HopAM1 does not share significant homology to known proteins and it produces a visible chlorotic phenotype
when conditionally expressed in A. thaliana. Another preliminary analysis of an F2 population between Bur-0 and a HopAM1expressing Ws-2 transgenic line suggests that a HopAM1 target is present on the bottom arm of chromosome 5. EMS mutants
have also been identified that are hypothesized to affect host targets involved in PAMP-triggered (PTI) and/or Effector-triggered
(ETI) immunity, which are virulence targets of HopAM1. We are using forward genetics to identify these target genes that could
be involved in a mechanism of PTI and ETI dichotomy and define the defense pathways that are affected by HopAM1.
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FUNGAL SMALL RNAS ACT AS EFFECTORS TO SUPPRESS HOST IMMUNE RESPONSES

Hailing Jin* (University of California, Riverside, USA), Arne Weiberg (University of California, Riverside, USA), Ming Wang
(University of California, Riverside, USA)
hailing@ucr.edu
Small RNAs are a class of short non-coding regulators that mediate gene silencing in a sequence-specific manner by loading
into Argonaute protein (AGO) to target complementary genes. In fungi, although RNAi has been applied as a genetic tool to
suppress target gene expression, the natural role of endogenous small RNAs remains enigmatic. Studies in the fission yeast
and Neurospora crassa revealed functions of small RNAs in genome defense, heterochromatin formation, and gene regulation.
However, it has never been shown that small RNAs or RNAi are directly involved in pathogenicity. Genome-wide small RNA
profiling identified several small RNAs of Botrytis cinerea that can potentially target important regulatory genes in plant hosts,
including Arabidopsis and tomato. A majority of these predicted targets were down-regulated by Botrytis infection. Transient coexpression of Botrytis small RNAs and host targets with wild type or mutated target sites confirmed that the suppression of the
targets was Botrytis small RNA-specific. Transgenic plants expressing Botrytis small RNAs down-regulate these targets and
display enhanced susceptibility. We hypothesize that these fungal-derived small RNAs silence host targets by associating with
host AGOs. In the Arabidopsis AGO1 immunoprecipitation fraction, we detected a 21 nt Botrytis small RNA that targets two host
kinase genes, which supports our hypothesis that Botrytis small RNAs function through host RISC during infection. Pathogens
deliver effector proteins into host cell to hamper host immune responses and achieve pathogenicity. Here, we discovered that
some fungal small RNAs function as effectors to silence regulatory genes of host immunity and contribute to fungal
pathogenicity.
45

THE MUTATIONS IN GENES INVOLVED IN N-GLYCOSYLATION PATHWAY AFFECT THE RESISTANCE AGAINST
ERWINIA CAROTOVORA IN ARABIDOPSIS THALIANA

Min Gab Kim* (College of Pharmacy and Research Institute of Pharmaceutical Sciences, Gyeongsang National University,
Korea), Mukhamad Su’udi (Bio-Crops Development Division, Department of Agricultural Biotechnology, National Academy of
Agricultural Science, Korea)
mgk1284@gnu.ac.kr
Protein N-glycosylation in the endoplasmic reticulum (ER) and Golgi apparatus is an essential process in eukaryotic cells.
Although the N-glycosylation pathway has been shown to regulate protein quality control, salt tolerance, and cellulose
biosynthesis in plants, no direct evidence showing plant immunity related roles linked functionally to N-glycan modifications that
occur in the ER and Golgi apparatus was reported so far. Herein, we provide evidence that mutants defective in N-glycosylation,
such as oligosaccharyltransferase mutant, staurosporin and temperature sensitive 3a (stt3a) and complex glycan 1 (cgl1), are
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more susceptible against bacterial pathogen Pseudomonas syringae pv tomato DC3000 than wild type Arabidopsis thaliana.
The mutation in STT3a or CGL1 made plant more susceptible to Erwinia carotovora subsp. carotovora, which cause bacterial
soft rot, one of the devastating disease in Korean cabbage (Brassica rapa subsp. pekinensis). However, N-Glycosylation did not
affect PAMP-induced callose deposition, cell-based physical barrier against pathogen invasions.
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ARABIDOPSIS SYNAPTOTAGMIN 5 PROMOTES THE FORMATION OF PEN1-SNAP33 BINARY T-SNARE
COMPLEX

Soohong Kim* (Dankook University, Korea), Hyukjin Kwon (Dankook University, Korea), Chian Kwon (Dankook University,
Korea)
Island1984@naver.com
The plasma membrane (PM)-residing PEN1 syntaxin and SNAP33 adaptor form SDS-resistant ternary SNARE complex with
vesicle-associated membrane proteins (VAMP) 721/722 likely to secrete antimicrobials for immune responses and/or cell wall
building blocks for growth. However, the promiscuous SNARE complex formation of PEN1 with other members in the VAMP72
family in vitro but preferential formation with VAMP721/722 in vivo suggests that a complex-forming regulator engages in
2+
forming the PEN1 SNARE complex in plants. Synaptotagmins (SYTs) are well-known Ca -dependent complex-forming or
vesicle fusion controllers in animals. We therefore tested an activity of Arabidopsis thaliana SYT5 (AtSYT5) on the regulation of
PEN1 SNARE complex formation, because AtSYT1 is most similar to the animal SYT1 that is involved in the regulated secretion
of neurotransmitter. AtSYT5 directly interacts with PEN1 and promotes the formation of PEN1-SNAP33 binary t-SNARE
2+
complex in vitro in a Ca -dependent manner. While a non-adapted Blumeria graminis fungus stimulates the PEN1 SNARE
complex formation, an adapted Golovinomyces orontii fungus suppresses in Arabidopsis leaves. Interestingly, interaction
between PEN1 and AtSYT5 in planta is reduced by G. orontii inoculation, implying that this adapted fungus manipulates AtSYT5
likely to inhibit the secretion-based extracellular immune responses. Our data suggests that AtSYT5 may play a positive role in
2+
defense against fungal pathogens by regulating the PEN1-SNAP33-VAMP721/722 SNARE complex depending on Ca .
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SIGNALLING INTERACTIONS BETWEEN TWO HIGHLY SIMILAR REGULATORY B’ SUBUNITS OF PP2A.

Grzegorz Konert* (University of Turku, Finland), Andrea Trotta (University of Turku, Finland), Moona Rahikainen (University of
Turku, Finland), Michael Wrzaczek (University of Helsinki, Finland), Eva-Mari Aro (University of Turku, Finland), Saijaliisa
Kangasjärvi (University of Turku, Finland)
grzkon@utu.fi
Serine/threonine protein phosphatase 2A (PP2A) family members carry out crucial functions in the regulation of signalling
through phosphorelay cascades in animals and plants. The predominant form of PP2A is heterotrimer, consisting of a catalytic
subunit C, a scaffold subunit A, and a highly variable regulatory subunit B, which is thought to determine the target specificity of
subunit C in the PP2A holoenzyme. We have taken a reverse genetic approach to identify PP2A subunits that specifically
modulate the ability of plants to tolerate environmental stresses. A specific B’ subunit of PP2A was identified as a component in
the cross-talk between light acclimation, disease resistance and ageing in the model plant Arabidopsis thaliana. Knock-out
mutants for PP2A-B’ show constitutive disease resistance, alterations in antioxidant metabolism and age-dependent cell death
when grown under moderate light regimes. Preliminarily, another highly similar PP2A subunit seems to have a distinct function
in the regulation of cellular integrity. Intriguingly, however, genetic analysis indicates that these two PP2A regulatory B-subunits
are functionally interconnected with each other. Currently, we are working on the subunit composition and signalling interactions
of the PP2A holoenzymes to reveal the functional specificities of the regulatory B’ subunits in Arabidopsis thaliana.
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LIF2, AN RNA BINDING PROTEIN INTERACTING WITH A PRC1 SUBUNIT IS INVOLVED IN STRESS RESPONSES
AND DEFENSE AGAINST PATHOGENS IN ARABIDOPSIS THALIANA

Clémentine Le Roux* (Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles, France), David Latrasse (Institut J-P
Bourgin, INRA Centre de Versailles-Grignon, Versailles, France), Nicole Houba-Hérin (Institut J-P Bourgin, INRA Centre de
Versailles-Grignon, Versailles, France), Patrick England (Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles,
France), Mathilde Fagard (Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles, France), Sophie Germann
(Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles, France), Fabienne Granier (Institut J-P Bourgin, INRA
Centre de Versailles-Grignon, Versailles, France), Ludivine Taconnat (Institut J-P Bourgin, INRA Centre de Versailles-Grignon,
Versailles, France), Jean-Pierre Renou (Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles, France), Valérie
Gaudin. (Institut J-P Bourgin, INRA Centre de Versailles-Grignon, Versailles, France)
Clementine.Le-Roux@versailles.inra.fr
The chromatin is a dynamic structure regulated by a combination of histone and non-histone proteins. It participates to gene
expression control in developmental process and in responseto environmental conditions. Recent studies have demonstrated
that non-coding RNAs can act as cofactors in chromatin complexes such as Polycomb Repressive Complexes (PRC). Inplants,
LIKE HETEROCHROMATIN PROTEIN 1 (LHP1) is a subunit the plant PRC1 complexthat recognizes the trimethylation of
histone H3 lysine 27, a silencing epigenetic mark deposited by the PRC2 complex. We identified LIF2, an RNA recognition
motifs proteinbelonging to the large hnRNP protein family, as a partner of LHP1. This result suggests arole of RNAs in the plant
PRC1 regulation. LIF2 has a nucleocytoplasmic localization and is involved in cell identity and cell fate decision. Transcriptome
analyses conducted in lif2mutant revealed a significant enrichment in stress-response genes. We further investigated the role of
LIF2 in stress responses. We show that biosynthesis and major transduction pathwayʼs actors in plant defense are
misexpressed in lif2. We studied the response of thelif2 mutant to jasmonates and salicylic acid which are major regulators of
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plant responses tovarious environmental stresses and to Pseudomonas syringae, a biotroph pathogen. Ourresults highlight a
novel link between plant defense response and the regulation by RNA-Polycomb complexes.

49

TRANSFER OF THE DIBOA BIOSYNTHESIS FROM MAIZE TO ARABIDOPSIS

Stefan Lenk* (TU München, Germany), Monika Frey (TU München, Germany), Alfons Gierl (TU München, Germany)
lenk@wzw.tum.de
Benzoxazinoids are characteristic stable defense compounds of the grasses. These secondary metabolites show a broad
spectrum of activity and provide protection against fungi, bacteria and insects. The benzoxazinoid biosynthetic pathway is
elucidated in Zea mays and all genes have been isolated. DIBOA [2,4-Dihydroxy-1,4(2H)-benzoxazin-3one] is the first active
compound in this pathway; biosynthesis requires the branch point enzyme BX1 and four modifying P450 enzymes BX2-BX5 that
consecutively introduce a hydroxyl-group. Glucosylation by the UDP-glucosyltransferase BX8 reduces autotoxicity of DIBOA.
Finally, in case of cell damage due to pathogen or herbivore attack, the aglucon is hydrolyzed by a beta-glucosidase. The
expression of this biosynthetic pathway in the model system Arabidopsis thaliana will shed light on the challenges, the
advantages or disadvantages encountered by a plant after transfer of an alien pathway. While plants transgenic for Bx1or Bx2,
both genes being under the control of the 35S promoter, have no detectable phenotype, the combination of the two genes by
crossing results in a severe phenotype. These plants are sterile and have small leaves, additional rosette leaves and form
rosettes in the bracts. Biochemically the Bx1Bx2 plants are characterized by the presence of indolinone. Using different
promoters to drive Bx1 and Bx2 we will investigate whether the quantity or timing of indolinone production is critical for the
mutant phenotype. Further, the expression of the branch point enzyme BX1 via the pNOS promoter together with the expression
of BX2, BX3 and BX4 via the 35S promoter leads also in Arabidopsis to the production of HBOA, the precursor of DIBOA. The
ultimate aim of our work will be the expression of all DIBOA biosynthesis genes in one plant allowing for analysis of effects on
the defense capability of the plant, as well as changes on the metabolic and transcriptomic level.

50

OVEREXPRESSION OF SLRAPX, A TOMATO ERF TRANSCRIPTION FACTOR, CONFERS ELEVATED
TOLERANCE TO VARIOUS STRESSES

Chia-Wen Li* (Academia Sinica Biotechnology Center in Southern Taiwan, Taiwan) Ming-Tsair Chan (Academia Sinica
Biotechnology Center in Southern Taiwan; Agricultural Biotechnology Research Center, Academia Sinica, Taiwan)
jiawenli@gate.sinica.edu.tw
ERF (Ethylene-responsive factor) transcription factors (TFs) play roles in mediating plant defense response by regulating the
expression of pathogenesis-related (PR) genes. In Arabidopsis, RAP2.6, a member of AP2/EREBP family, is one of the
downstream genes in CBF regulons which regulate various abiotic and biotic stresses. In our previous study, we found that
overexpression of AtCBF1 in tomato can upregulate a RAP2.6-like gene, named SlRAPX. In addition, SlRAPX gene is induced
in response to chilling, high salinity and drought stress. Overexpression of SlRAPX either in Arabidopsis or in tomato plants
confers tolerance to various abiotic stresses and pathogen infection. This report shows that SlRAPX regulates the expression of
defense-related transcription factors such as ERF1, WRKY70 and WRKY33, and PR genes such as PR1, PR4 and PR5 in
transgenic Arabidopsis. We hypothesized that SlRAPX is one of the activation factors involved in the AP2/EREBP-mediated
defense mechanism.

51

UBIQUITIN LIGASE ATL31 AND ATL6 REGULATE CARBON/NITROGEN RESPONSE AND DEFENSE RESPONSE

Shugo Maekawa* (Hokkaido University, Japan), Shigetaka Yasuda (Hokkaido University, Japan), Thais Huarancca Reyes
(Hokkaido University, Japan), Takeo Sato (Hokkaido University, Japan), Junji Yamaguchi (Hokkaido University, Japan)
mae-shu@mail.sci.hokudai.ac.jp
In higher plants, the metabolism of carbon (C) and nitrogen nutrients (N) is mutually regulated and referred to as the C and N
balance (C/N). Plants are thus able to sense and regulate their cellular C/N status to optimize their growth. Arabidopsis ATL31
and ATL6 encode a RING-type ubiquitin ligases which play a critical role in the C/N status response (Sato et al. Plant J. 2009).
Since many ATL members are involved in the plant defense response, we evaluated whether the ATL31 and ATL6 are involved
in defense responses. Our results confirmed that ATL31 and ATL6 expression is up-regulated with flg22 as well as with
infections with Pseudomonas syringae pv. tomato DC3000 (Pst. DC3000). Moreover, overexpressor of ATL31 and ATL6
displayed increased resistance to Pst. DC3000 whereas atl31 atl6 double knockout mutant resulted in reduced. Further study
demonstrated that the expression of ATL31, ATL6 and defense marker genes was regulated by C/N conditions. Taken together,
these results indicate that ATL31 and ATL6 function as key components of both C/N regulation and the defense response in
Arabidopsis (Maekawa et al. Plant Mol. Biol. 2012). Relationships between C/N regulation and defense response will be
discussed.

52

MIEL1, A RING-TYPE E3 UBIQUITIN LIGASE, TARGETS THE ARABIDOPSIS TRANSCRIPTION FACTOR ATMYB30
FOR PROTEASOMAL DEGRADATION AND ATTENUATES PLANT DEFENSE

Daniel Marino* (INRA-CNRS, Laboratory of Plant-Microbe Interactions (LIPM), France), Solene Froidure (INRA-CNRS, LIPM,
France), Joanne Canonne (INRA-CNRS, LIPM, France), Alain Jauneau (FR3450, Plateforme d’Imagerie, France), Cécile
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Pouzet FR3450, Plateforme d’Imagerie, France), Dominique Roby (INRA-CNRS, LIPM, France), Susana Rivas (INRA-CNRS,
LIPM, France)
daniel.marino@toulouse.inra.fr
The R2R3-MYB transcription factor AtMYB30 was previously identified as a positive regulator of Arabidopsis defense and
associated cell death (HR) responses to bacterial pathogens through transcriptional activation of genes related to very-longchain fatty acid metabolism. We previously showed that AtMYB30 activity is negatively regulated both by the Xanthomonas
campestris effector XopD and by the Arabidopsis secreted phospholipase AtsPLA2-α. In the present work, using a yeast twohybrid screen, we identified an Arabidopsis putative RING-type E3 ubiquitin ligase (E3L) as an AtMYB30-interacting partner and
named this protein MIEL1 (AtMYB30-Interacting E3 Ligase1). Ubiquitination is a post-translational modification that is
frequently associated to degradation of proteins by the 26S proteasome. E3Ls are involved in the last step of the ubiquitination
cascade and determine the specificity of the target protein. AtMYB30 and MIEL1 co-localize in the plant cell nucleus where they
physically interact. MIEL1 is an active E3 ligase able to ubiquitinate AtMYB30 in vitro and to regulate its stability in a
proteasome-dependent manner. In agreement with this finding, Arabidopsis miel1 null mutant plants displayed increased
resistance and HR in response to Pseudomonas syringae harboring different avirulence factors and these phenotypes were
associated with down-regulation of AtMYB30 target gene expression. Overall, our results show that MIEL 1 negatively regulates
plant cell death and defense through AtMYB30 protein degradation under non-pathogenic conditions.

53

PHOSPHOPROTEOMICS-BASED SCREENING REVEALED NOVEL COMPONENTS IN MAMP-TRIGGERED
IMMUNITY

Hidenori Matsui* (RIKEN PSC, JAPAN), Yuko Nomura (RIKEN PSC, JAPAN), Ken Shirasu (RIKEN PSC, JAPAN), Hirofumi
Nakagami (RIKEN PSC, JAPAN)
matsui53@psc.riken.jp
Protein phosphorylation plays important roles in MAMP (microbe-associated molecular patterns)-triggered immunity. To reveal
novel players involved in MAMP-triggered immunity, we examined phosphoproteome change upon MAMP treatments in
Arabidopsis. As a result, we identified 569 proteins whose phosphorylation status significantly changed in response to flg22
and/or chitin treatments. To verify involvement of the identified proteins in MAMP-triggered responses, we have isolated T-DNA
insertion lines for these proteins and characterized flg22-induced ROS (reactive oxygen species) production in the isolated
mutants. In this screening, we have so far identified 38 genes which affect flg22-induced ROS production and named the genes
RAM (ROS abnormal production mutant). Among the RAM genes, RAM1 encodes an unknown protein and ram1 plants show
enhanced ROS production in response to flg22 and elf18 treatments. Enhanced ROS production in ram1 plants were also
observed upon an avirulent bacterial pathogen Pseudomonas syringae pv. tomato DC3000 avrRpm1 infection. Interestingly,
chlorotic cell death was observed in ram1 plants after Pseudomonas syringae pv. tomato DC3000 hrcC infection. Gene
expression analysis revealed that defense-related genes are up-regulated in ram1 plants. These results suggest that RAM1
functions as a negative regulator of MAMP-triggered immunity in Arabidopsis.

54

THE ARABIDOSPIS F-BOX/KELCH REPEAT PROTEIN AT2G44130 IS UP-REGULATED IN GIANT-CELLS AND
PROMOTES NEMATODE SUSCEPTIBILITY

Michaela Matthes* (Rothamsted Research ,UK), Johnathan Napier (Rothamsted Research, UK), Roseane Curtis (Rothamsted
Research, UK)
michaela.matthes@rothamsted.ac.uk
Plant-parasitic nematodes are highly specialised biotrophic parasites feeding on the cytoplasm of living plant cells. They have a
wide range of hosts, attacking more than 3000 plant species from diverse plant families, and are a considerable threat to
agronomically important crops. The two most harmful groups affecting crop species are the sedentary endoparasitic root knot
nematodes (Meloidogyne spp.) and cyst nematodes (Globodera spp. and Heterodera spp.) which differ in their induction of
feeding site, with the former inducing several multinucleated giant cells by repeated mitosis without cytokinesis, and the latter by
inducing the formation of a syncytium generated by the cell wall breakdown between the initial feeding cell and an increasing
number of neighbouring cells. Arabidopsis thaliana has emerged as a good host for these nematodes, facilitating the study of
the interactions between plant and parasite. Here we show evidence that plant-parasitic nematodes target the plant ubiquitinproteasome system in order to facilitate successful infection. An A. thaliana line containing an F-box/Kelch repeat (At2g44130)
promoter::GUS fusion showed strong GUS-induction in the galls formed after Meloidogyne incognita infection. No GUS staining
could be detected after infection with syncytium inducing nematodes (Globodera pallida, Heterodera cajani, H. schachtii and H.
glycines. In a time course experiment it was shown that GUS expression becomes detectable 7 days after M.incognita infection,
when the migratory phase is over, and the feeding site is about to be established or has already been established. The
importance of the F-box/Kelch repeat protein for a successful infection by M. incognita was shown using knockout and tilling
lines of this gene where the number of nematodes per g root was considerably reduced in both the tilling line and the T-DNA
insertion line compared to the wildtype. Although the function in planta of the F-box protein remains elusive, we propose to
regard it as a plant ‘susceptibility’ gene for M.incognita infection. It has been suggested that the better understanding and
exploitation of susceptibility of plant disease could be used as an alternative approach to achieve resistance.

55

NOVEL FUNCTIONS OF SECRETORY PATHWAYS AND ENDOPLASMIC RETICULUM STRESS IN PLANT
IMMUNITY
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Karolina Mukhtar* (University of Alabama at Birmingham, USA), Jon Lucas Boatwright (University of Alabama at Birmingham,
USA), Xinnian Dong (Duke University, USA)
kmukhtar@uab.edu
Induction of plant immune responses involves significant transcription reprogramming as well as endoplasmic reticulum (ER)mediated protein secretion and quality control. Despite intensive forward genetic screens and genome-wide expression-profiling
studies, limited number of genes has been found that regulate this transition. Using the ER-resident genes required for
antimicrobial protein secretion as markers, we identified an Arabidopsis heat shock factor-like transcription factor (TF) that
specifically binds to the TL1 (GAAGAAGAA) cis-element required for the induction of these genes. Surprisingly, plants lacking
this TL1-binding factor, TBF1, respond normally to heat stress, but are compromised in multiple immune responses. Genomewide expression profiling indicates that TBF1 plays a key role in the growth-to-defense transition. Moreover, the expression of
TBF1 itself is tightly regulated at the translational levels by two upstream open reading frames (uORFs) encoding multiple
aromatic amino acids. Through this unique regulatory mechanism, TBF1 can sense the metabolic changes upon pathogen
invasion and trigger the specific transcriptional reprogramming through its target gene expression. Moreover, we identified
another key regulator of unfolded protein response (UPR), the ER membrane-located IRE1 kinase/endoribonuclease that is
present in two copies IRE1a and IRE1b in Arabidopsis and acts as an important immune regulator. We identified the IRE1
substrate, bZIP60 mRNA, which encodes a TF involved in the expression of UPR-responsive genes. IRE1a cytoplasmically
splices bZIP60 in response to biotic stresses while IRE1b plays a major role in bZIP60 processing upon Tunicamycin-induced
stress. Our results indicate that the IRE1/bZIP60 branch of UPR is a part of the plant response to pathogens for which the two
Arabidopsis isoforms of IRE1 play only partially overlapping roles and that IRE1 has both bZIP60-dependent and independent
functions in plant immunity.
56

COMBINATORIAL STRESSES IN AUTOPHAGY-DEFICIENT MUTANTS

David Munch* (University of Copenhagen, Denmark), Daniel Hofius (Swedish University of Agricultural Sciences, Sweden),
Morten Petersen (University of Copenhagen, Denmark)
DMunch@Bio.ku.dk
Plant cytoplasmic receptors can recognize pathogen molecules or their virulence activities to trigger host innate immune
responses, including rapid localized cell death restricted to the site of pathogen entry. Several reports have documented
uncontrolled spread of cell death beyond the point of infection in plant autophagy-deficient (atg) mutants. In contrast, we have
shown that cell death is suppressed in local infected tissues and this cell death is contained in different atg mutants. However,
major differences in the experimental systems may explain these apparent discrepancies. For example, uncontrolled cell death
occurs in infection studies of older autophagy-deficient mutants, while cell death does not spread beyond infection sites in
younger atg mutants. Autophagic-deficient mutants lack essential machinery to remove cellular refuse that accumulates in older
atg mutants. Importantly, mutants that dampen protein secretion rescue these effects in older atg mutants, suggesting that
uncontrolled cell death is caused by combinatorial stresses, senescence and infection. We now provide evidence that lowering
endoplasmatic stress by blocking expression of defence-related genes can rescue the spread of cell death in older atg mutants
following infection. In addition, by mimicking infection in combination with endoplasmatic stress, we found that young atg
mutants are highly susceptible to additive stresses. Moreover, we find that cell death in actual infection sites is suppressed in
both older and younger atg mutants. Therefore, it may be problematic to draw conclusions about autophagy when using older
atg mutants because of pleiotropic effects caused by lifelong accumulation of the kind of cellular refuse normally removed by
autophagy.
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PAT1, A REGULATOR OF MRNA DECAY AND IMMUNE SIGNALING.

Magnus Wohlfahrt Rasmussen* (Copenhagen University, Denmark), Kristoffer Palma (Copenhagen University, Denmark),
Milena Roux (Copenhagen University, Denmark), John Mundy (Copenhagen University, Denmark), Morten
Petersen(Copenhagen University, Denmark)
(Copenhagen University, Denmark)
MWR@bio.ku.dk
Plants have evolved an effective basal defense system to detect and limit the growth of pathogens. Pathogens may be
recognized by the host via trans-membrane receptors recognizing evolutionarily conserved microbe-associated molecular
patterns (MAMPs). Signaling via MAP kinases from these receptors leads to reprogramming of gene expression and production
of host proteins for thwarting pathogenic intruders. MAMP-activated MAP kinase 4 (MPK4) regulates the expression of a subset
of defense genes via a WRKY transcription factor. However, how plant MAP kinases regulate defense genes is still poorly
understood. Recently we found evidence for an in vivo interaction between MPK4 and PAT1, a component of the mRNA
decapping machinery present in all eukaryotic life. Interestingly, pat1 mutants to some extend display similar phenotypic
characteristics to mpk4 mutants, namely dwarfism and increased resistance toward bacterial pathogens. These data strongly
suggest that MPK4 and PAT1 function together to regulate defense responses. Linking the regulatory role of MPK4 to PAT1
associated decapping offers an efficient mechanism for this MAP kinase to regulate the rapid changes required to instigate
defense responses. We are using genetic and biochemical methods to investigate the function of PAT1 and mRNA decapping in
plant innate immunity. In addition to Arabidopsis thaliana we make use of the model organisms Saccharomyces cerevisiae in
which PAT1 mediated decapping has been heavily investigated and Physcomitrella patens which represents one of the earliest
branches of plant evolution to illuminate the molecular mechanisms involved in MPK4/PAT1 mediated defense.
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NO GAIN, NO LOSS: A GENETIC SCREEN TO ELUCIDATE THE ROLE OF NITRIC OXIDE IN PLANT DEFENSE
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Markus Schlicht* (Max Planck Institute for Plant Breeding Research, Germany), Erich Kombrink (Max Planck Institute for Plant
Breeding Research, Germany)
schlicht@mpipz.mpg.de
Plant defense responses are guided by the ability to sense pathogens and to translate that perception into an adaptive reaction.
After detection of pathogen presence several second messenger molecules are released, among others nitric oxide (NO).
Several reports suggest that NO is involved in the activation of plant defense. However, knowledge is sketchy about pathways
regulating NO levels in plants in response to microbial infections. Current research depends on chemical compounds that either
release or scavenge NO, which have broad activity spectra. In addition, only few mutants with a reduced capacity of forming
NO, which suffer from numerous pleiotropic defects, are known. The lack of suitable genetic mutant resources substantially
hinders research progress on NO production and functions. Therefore, an experimental strategy aiming at the isolation of genes
participating in NO formation and subsequent signal transduction is highly desirable. To discover new genes encoding functions
that regulate or participate in NO metabolism during defense responses, We started a genetic screen with Arabidopsis thaliana
to identify mutants altered in NO accumulation after treatment with bacterial lipopolysaccharide (LPS) as defense response
elicitor. In wild-type Arabidopsis thaliana seedlings, NO levels increase strongly after LPS treatment. The screen revealed three
candidates with defective and two candidates with increased NO accumulation after LPS treatment. Examination of these
mutant candidates for phenotypes in other defense responses established a tight correlation between the capacity of NO
production and resistance towards infection with powdery mildew (Golovinomyces orontii) and Pseudomonas syringae. The
affected genes in the mutant candidates will be identified and characterized by genome resequencing and bulked segregant
analysis. Once identified, they have the potential to be genetic tools to verify if NO is a crucial signal of the plant defense
response.
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DIRECT NEGATIVE REGULATION OF ARABIDOPSIS IMMUNE RECEPTOR KINASE COMPLEXES BY PP2A

Cécile Segonzac* (The Sainsbury Laboratory, UK), Maite Sanmartín (Centro Nacional de Biotecnologia, Spain), Vardis
Ntoukakis (The Sainsbury Laboratory, UK), José Juan Sánchez Serrano (Centro Nacional de Biotecnologia, Spain), Cyril Zipfel
(The Sainsbury Laboratory, UK)
cecile.segonzac@tsl.ac.uk
The first active layer of plant innate immunity relies on the recognition of pathogen-associated molecular patterns (PAMPs)
which leads to PAMP-triggered immunity (PTI). In Arabidopsis, the leucine-rich repeat receptor-like kinase (LRR-RLK) FLS2
perceives the bacterial PAMP flagellin and heteromerizes with the regulatory LRR-RLK BAK1, leading to the dissociation of the
cytoplasmic kinase BIK1, a positive regulator of PTI responses. Tight regulation of PTI signaling is essential to prevent
autoimmune responses that would be detrimental to the plant. Previous evidences indicate that PTI signalling is under
constitutive negative regulation by protein phosphatases, but the underlying molecular mechanisms are still unknown. Here we
show that plant protein Ser/Thr phosphatases type 2A (PP2A) are involved in controlling the steady-state phosphostatus of the
FLS2/BAK1/BIK1 receptor complex. Chemical inhibition of PP2A activity triggers PTI-like responses in Arabidopsis, including
production of reactive oxygen species (ROS), induction of defence gene expression and induced resistance to Pseudomonas
syringae infection. Mutant analysis revealed that a PP2A-based regulation already occurs at the level of the receptor complex at
the plasma membrane. Accordingly, we could detect a constitutive PP2A activity associated with the receptor complex. A
reverse genetic approach identified specific isoforms for each subunit of the trimeric PP2A enzyme, on the basis of enhanced
ROS production or increased resistance to Pseudomonas syringae infection. Notably, mutations in these subunits leading to
exaggerated PTI responses correlate with a strong reduction of the receptor complex-associated PP2A activity. Finally, the
phosphorylation status of the receptor complex is enhanced in absence of elicitation in pp2a mutant backgrounds. Our data
provide novel insights into the regulatory mechanisms that control activation of plasma membrane receptor complexes during
plant immunity.
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A CDPK FROM ARABIDOPSIS MEDIATES LOCAL AND SYSTEMIC PLANT DEFENCE RESPONSES

Heike Seybold* (Freie Universität Berlin, Germany), Ullrich Dubiella (Freie Universität Berlin, Germany), Roman Lassig (Freie
Universität Berlin, Germany), Guido Durian (Freie Universität Berlin, Germany), Eileen Komander (Freie Universität Berlin,
Germany), Waltraud Schulze (Max Planck Institute of Molecular Plant Physiology, Germany), Tina Romeis (Freie Universität
Berlin, Germany)
heike.seybold@fu-berlin.de
Calcium is a long known mediator of fundamental and conserved early signalling processes in plant immunity. Nevertheless,
little is known about the biochemical activation of calcium-sensing proteins and the mechanism of subsequent signalling to
activate defence responses in plants. In a functional screen, we have identified a CDPK isoform from A. thaliana, which
triggered cell death symptoms upon transient expression of its constitutive active enzyme variant in N. benthamiana leaves and
in Arabidopsis leaf mesophyll protoplasts. Biochemical activation accompanied by protein phosphorylation of the enzyme could
be detected within minutes after treatment with PAMP flg22. When investigating CDPK-mediated downstream responses by
promoter-luciferase gene-fusions in the protoplast system as well as by qRT-PCR analysis in transgenic CDPK overexpressing
lines both approaches identified an enhanced SA signalling pathway. Increased concentrations of the phytohomone SA
coincided with these results. In accordance, transgenic lines overexpressing active CDPK were more resistant against infection
with Pseudomonas syingae pv. tomato DC3000, than kinase-inactive control lines. Besides, we could show on marker gene
level, that the CDPK is also essential to spread the stress signal throughout the plant. Taken together with results from in vivo
phosphoproteomics experiments our data suggest a dual role of the identified CDPK in both local as well as systemic signalling
responses.
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61

FUNCTIONS OF PP2C-TYPE MAPK PHOSPHATASES IN PLANT IMMUNORESPONSES

Volodymyr Shubchynskyy* (Max F. Perutz Laboratories, Austria), Zahra Ayatollahi (Max F. Perutz Laboratories, Austria), Alois
Schweighofer (Max F. Perutz Laboratories, Austria), Irute Meskiene (Max F. Perutz Laboratories, Austria)
volodymyr.shubchynskyy@univie.ac.at
In plants, as well as in other eukaryotes, highly conserved mitogen-activated protein kinase (MAPK) cascades transmit signals
inside the cells. Cell signaling by phosphorylation and dephosphorylation of MAPKs transform environmental and developmental
signals into adaptive responses. A perceived stimulus at the cell membrane by the wide range of receptors is transmitted via
activation of MAP3Ks, also called MAPKKKs or MEKKs, which by sequential phosphorylations activate downstream MAP2Ks;
also called MKKs or MEKs that in turn activate MAPKs by phosphorylation of conserved residues of Thr and Tyr, in their
activation loop. Activated MAPKs trigger various effectors or proteins, which include other kinases, enzymes, or transcription
factors that finally results in a cellular response in reaction to the perceived signal. MPK3, 4 and 6 are the main components of
the stress-activated signaling cascades in Arabidopsis. Continuous activation of MAPKs leads to detrimental effects in cells,
such as hypersensitive response and reactive oxygen production demonstrating that cell is keeping the activation of MAPKs
under stringent control for normal plant growth. This control of MAPK activity can be performed by the protein phosphatases,
such as tyrosine phosphatases (PTPs), dual specificity phosphatases (DSPs) and serine/threonine protein phosphatases of
type 2C (PP2Cs). Several members of this family: AP2C1, 2, 3 and 4 are characterized MAPK phosphatases that interact,
inactivate and colocalize with respective MAPK. However, currently it is not unknown how these MAPK phosphatases are
interacting in regulation of MAPKs activity and which defense pathways are specifically controlled. Towards these questions we
created single and double knockout (KO) mutant plants of MAPK phosphatases and analyzed them for MAPK activities, protein
levels, gene expression and phenotypic responses.
62

THE UBIQUITIN LIGASES PUB22, PUB23 AND PUB24 REGULATE PAMP-TRIGGERED RESPONSES BY
TARGETING A COMPONENT OF THE EXOCYTIC PATHWAY

Martin Stegmann* (Leibniz Institute of Plant Biochemistry, Germany), Ryan G. Anderson (Virginia Tech, USA), Kazuya Ichimura
(Kagawa University, Japan), Tamara Pecenkova (University of Prague, Czech republic), Patrick Reuter (University of
Wuerzburg, Germany), Viktor Zarsky (University of Prague, Czech republic), John M. McDowell (Virginia Tech, USA), Ken
Shirasu (Riken Plant Science Center, Japan), Marco Trujillo (Leibniz Institute of Plant Biochemistry, Germany)
stegmann@ipb-halle.de
The closely related plant U-box type E3 ubiquitin ligases (PUBs) PUB22, PUB23 and PUB24 are involved in the regulation of
innate immunity signalling. Perception of pathogen-associated molecular patterns (PAMPs) is mediated by plasma membrane
localized receptors and activation results in a plethora of responses. The pub22/pub23/pub24 triple mutant displays an
increased and prolonged activation of early signalling events after perception of various PAMPs. This suggests that the PUB
triplet modulates a common cellular process required for the down-regulation of signalling mediated by various pattern
recognition receptors (PRRs). To isolate ligase targets responsible for this phenotype, we performed a yeast two-hybrid screen
with PUB22, from which we identified several candidate interactors. These included a subunit of the exocyst, an octameric
complex which mediates early steps of exocytosis. We show that the PUB triplet interacts with this subunit in vivo and that they
mediate its turn-over. Furthermore, degradation of the ligase target is regulated by the stability of the ligase itself, which displays
auto-ubiquitination activity. Mutant analysis confirmed that the exocyst subunit is required for early PAMP-triggered signalling,
as evidenced by decreased PAMP-triggered responses and decreased resistance against different plant pathogens. In
summary, we will present data that supports a mechanism in which PUB22, PUB23 and PUB24 contribute to the regulation of
PAMP-triggered responses by targeting components of the exocytic machinery.
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MAP-BASED CLONING OF ATR2 FROM HYALOPERONOSPORA ARABIDOPSIDIS
*

Alison Woods-Tör (University of Worcester, UK), Volkan Çevik (University of Warwick, UK), Gülin Boztaş (University of
Worcester, UK), David Studholme (University of Exeter, UK), Mahmut Tör (University of Worcester, UK)
a.tor@worc.ac.uk
Hyaloperonospora arabidopsidis (Hpa) is a natural biotrophic pathogen of Arabidopsis thaliana and the interaction phenotype
with its host is determined by the pathogen originated ATR (Arabidopsis thaliana recognized) and the corresponding host RPP
(recognition of Peronospora parasitica) genes. Arabidopsis Col-0 carries RPP2A and RPP2B (Sinapidou et al., 2004), which
Cala2
enables recognition of the avirulence determinant designated ATR2
from Hpa-Cala2. We screened an F2 population
Emoy2
generated from the cross between Hpa-Cala2 and Hpa-Noks1, which was previously used to clone ATR5
(Bailey et al,
Cala2
Cala2
. A physical map of ATR2
has been
2011, MPMI 24: 827-838) and identified a genetic interval for semi-dominant ATR2
established using the publically available genomic and BAC sequences. We then screened 192 F2 isolates and established an
Cala2
interval for the ATR2
locus of 188kb. Illumina paired-end sequencing data for Hpa-Cala2 and Hpa-Noks1 were generated
and used to identify polymorphic markers enabling us to narrow the interval down to 112kb. Bioinformatics suggest that there
are 18 genes within this interval and two putative genes code for proteins with signal peptides and RXLR motif. According to
Illumina sequencing data, these candidate genes are polymorphic. Currently, the candidates are being tested and the latest
data will be presented.
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Christian A. Voigt* (Biocenter Klein Flottbek, University of Hamburg, Germany), Annemarie Glöckner (Biocenter Klein Flottbek,
University of Hamburg, Germany), Dorothea Ellinger (Biocenter Klein Flottbek, University of Hamburg, Germany)
voigt@botanik.uni-hamburg.de
The (1,3)-β-glucan callose is involved in several key processes of the plant development. Particular attention has been focused
on callosic papillae (cell wall thickenings of plants) formed in response to microbial attack. However, the precise function of
callose deposition in retarding pathogen invasion and its regulation has not been demonstrated unequivocally.
Since GTPases were suggested as subunits of callose synthase complexes, we examined the regulation of callose synthase
activity by GTPases in response to biotic stress. Based on microarray data, we identified the small G-protein SMG1 as being
upregulated on transcriptional level after biotic stress. To study the function of SMG1, we generated A. thaliana mutants that
constitutively express SMG1 in its native and a dominant negative (DN) isoform. The function of SMG1 as a GTPase and the
DN mutation were confirmed in activity assays using purified SMG1 deriving from Pichia pastoris expression. The fusion to
DsRed facilitated in planta localization of SMG1 and its DN isoform by confocal laser-scanning microscopy. As a result, mutants
constitutively expressing SMG1 revealed a complete resistance to the powdery mildew Golovinomyces cichoracearum. A hyphal
network was not present on leave surfaces of the resistant mutant 7 days post-inoculation (dpi). Strong callose deposits were
detected at early time points of infection which prevented fungal ingress into epidermal cells. In contrast, the disease phenotype
of the SMG1 DN mutants did not differ from wild-type plants. Haustoria were formed in epidermal cells; and at 7 dpi, a dense
hyphal network with conidiophores was present on leave surfaces. Live cell imaging showed the presence of SMG1 in vesicles
at the plasma membrane. These vesicles accumulated at sites of attempted fungal penetration. Yeast-2-hybrid interaction
studies suggest a direct interaction of the GTPase SMG1 with the callose synthase GSL5, responsible for stress-induced
callose deposition.
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IDENTIFICATION OF GENES CONTRIBUTING TO NONHOST RESISTANCE OF ARABIDOPSIS THALIANA
AGAINST PHYTOPHTHORA INFESTANS

Lore Westphal* (Leibniz Institute of Plant Biochemistry, Germany), Katrin Geißler (Leibniz Institute of Plant Biochemistry,
Germany), Michaela Kopischke (Leibniz Institute of Plant Biochemistry, Germany), Dierk Scheel (Leibniz Institute of Plant
Biochemistry, Germany), Sabine Rosahl (Leibniz Institute of Plant Biochemistry, Germany)
Lore.Westphal@ipb-halle.de
The term `nonhost resistance´ describes the phenomenon that an entire plant species is resistant to all isolates of a pathogen
species. Infection with a non-adapted pathogen is prevented by multilayered constitutive and inducible defense responses upon
recognition of pathogen-associated molecular patterns. One example for the interaction of a nonhost and non-adapted pathogen
is the interaction of Arabidopsis thaliana with the oomycete Phytophthora infestans, the causal agent of late blight disease on
potato and tomato. P. infestans is able to germinate and form appressorium-like structures on Arabidopsis leaves, which
correlates with the formation of papillae and cell wall fortifications at the sites of attempted penetration. In the rare case of
successful invasion, additional defense mechanisms are activated, usually causing the death of the attacked cell. PEN2, a
peroxisome-associated myrosinase, and the ABC transporter PEN3 were identified as components of the first line of defense,
the penetration resistance of epidermal cells (Lipka et al., Science, 2005; Stein et al., Plant Cell, 2006). In pen2 mutants the
increased penetration of epidermal cells by P. infestans is associated with macroscopically visible necrosis. To identify
additional components of the nonhost resistance, pen2 seeds were EMS-mutagenized and M2 plants were treated with P.
infestans. From this screen 14 mutants with a stronger hypersensitive reaction than pen2 were isolated and designated as
enhanced response to Phytophthora infestans (erp) mutants. Mapping of the mutant phenotypes in combination with
resequencing of the erp genomes will lead to the identification of the impaired genes.
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IDENTIFICATION OF MOBILE DEFENSE-INDUCING SIGNALS IN PLANTS, AN EXPERIMENTAL APPROACH

Finni Wittek* (Helmholtz Zentrum Muenchen, Germany), Thomas Hoffmann (Technical University Munich, Germany), David
Mackey (The Ohio State University, USA), Jane E. Parker (Max-Planck Institute for Plant Breeding Research, Germany),
Wilfried Schwab (Technical University Munich, Germany), A. Corina Vlot (Helmholtz Zentrum Muenchen, Germany; Max Planck
Institute for Plant Breeding Research, Germany)
finni.wittek@helmholtz-muenchen.de
Systemic acquired resistance (SAR) in Arabidopsis thaliana can be initiated by a local infection with Pseudomonas syringae pv
tomato encoding the effector AvrRpm1. In our experiments SAR, which is a form of inducible defense and a SA-dependent
response, is mimicked by the conditional over expression of the bacterial effector AvrRpm1 from a dexamethasone-inducible
transgene. Local expression of AvrRpm1-HA induced enhanced resistance in the systemic tissue against P. syringae. This
systemic resistance was accompanied by enhanced expression of the SAR marker gene PR-1, but not by enhanced expression
of AvrRpm1-HA. Therefore, we conclude that conditional expression of AvrRpm1-HA induces a true SAR response and is not
caused by movement of DEX from the treated into the systemic tissue. Similar to the eds1 mutant in response to bacterial
infection, eds1 DEX::AvrRpm1-HA plants fail to initiate SAR upon local induction of AvrRpm1-HA expression. The aim of further
work is to get a better understanding of SAR and SAR-related metabolites that contribute to systemic defence. EDS1-dependent
metabolites were detected in extracts from AvrRpm1-HA expressing wild type as compared to eds1 mutant plants by using a
bio-assay supported LC-MS approach. MeOH extracts from both AvrRpm1-HA expressing plant types were biochemically
separated into three fractions. SAR-inducing component(s) appeared to be present in a highly lipophilic fraction of extracts from
AvrRpm1-HA expressing wild type, but not eds1 mutant plants. Further separation of these fractions across an HPLC MeOH
gradient yielded specific sub-fractions that induce SAR in Arabidopsis. Further LC-MS and GC-MS analyses are in progress to
narrow down the active components inducing SAR in extracts from AvrRpm1-HA expressing wild type as compared to eds1
plants.
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DMR6 AND DMR6-LIKE OXYGENASE 1 HAVE OVERLAPPING BUT DISTINCT ACTIVITIES AS NEGATIVE
REGULATORS OF IMMUNITY IN ARABIDOPSIS

Tieme Zeilmaker* (Utrecht University, NL), Joyce Elberse (Utrecht University, NL), Michael F. Seidl (Utrecht University, NL),
Lidija Berke (Utrecht University, NL), Berend Snel (Utrecht University, NL), Guido van den Ackerveken (Utrecht University, NL)
T.Zeilmaker@uu.nl
Plant immune responses typically involve the activation of inducible defences. These immune responses are under tight control
of negative regulators. DOWNY MILDEW RESISTANT 6 is a 2-oxoglutarate (OG) Fe(II)-dependent oxygenase that acts as
negative regulator of immunity. Arabidopsis mutants lacking a functional DMR6 gene are resistant to infection by the downy
mildew pathogen Hyaloperonospora arabidopsidis and the bacterium Pseudomonas syringae. Phylogenetic analysis of the large
superfamily of 2OG oxygenases of 19 monocot and dicot species revealed a subgroup of 68 DMR6-related oxygenases. Within
Arabidopsis, DMR6 is most closely related to the DMR6-like oxygenase 1 and 2 (DLO1 and DLO2), which are encoded by
recently duplicated and neighbouring genes. Overexpression of DLO1 and DLO2 in the dmr6 mutant resulted in re-gain of
disease susceptibility, indicating they also act as negative regulators of immunity. DLO1, but not DLO2, is highly co-regulated
with DMR6, showing up-regulation after pathogen attack or salicylic acid treatment. Expression studies using promoter-GUS
fusions showed that DMR6 and DLO1 have distinct expression patterns. DMR6 is expressed in cells containing haustoria while
DLO1 is mostly expressed around the major veins and is not induced in cells harbouring haustoria. Furthermore, the dlo1_dmr62 mutant showed higher levels of resistance to H. arabidopsidis compared to the dmr6-2 and dlo1 single mutants indicating
DLO1 and DMR6 have overlapping but distinct activities. We will report on the presence of an amino acid motif, specific for
DMR6-like oxygenases, that can be used as a tool to reveal DLOs in other plant species so that they can be used as targets for
gene inactivation for the generation of resistant crops.
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MORE JAZ IN THE ORCHESTRATION OF PLANT INNATE IMMUNITY

Mei-Liang Zhou* (Leiden University, The Netherlands), Ana Paula Körbes (Leiden University, The Netherlands), Angelica
Aguilera Gomez (Leiden University, The Netherlands), Johan A. van Pelt (Utrecht University, the Netherlands), Corné J.M.
Pieterse (Utrecht University, the Netherlands), Johan Memelink (Leiden University, The Netherlands)
m.zhou@biology.leidenuniv.nl
Plants are exposed to many forms of stress, including biotic and abiotic factors. Due to their sessile life style, plants defend
themselves via physiological adaptations. Jasmonates (JAs) are important hormones involved in plant defense responses. JAsdependent defense reactions form two major branches. In one branch against insect herbivores, the JAs receptor F-box protein
COI1 triggers degradation of JAZ proteins, which in the absence of JAs bind to the transcription factors AtMYC2/3/4 and repress
its activity. In Arabidopsis the JAZ family counts 12 members, 10 of which interact with AtMYC2 in yeast. In the other branch of
JAs-dependent defense against necrotrophic microbial pathogens, JAs interact with the defense hormone ethylene (ET). We
previously identified the AP2-domain transcription factor ORA59 from Arabidopsis, which regulates the JAs- and ET-responsive
expression of a set of defense genes, including the plant defensin gene PDF1.2. Interestingly, this branch also depends on the
F-box protein COI1, since a coi1 mutant does not express this branch. It is speculated in the plant defense field that JAZ
repressors may also control the activity of ORA59. However, ORA59 does not appear to interact directly with members of the
JAZ protein family. Recently, we identified a protein interacting with ORA59 via yeast two-hybrid screening of an Arabidopsis
cDNA library (ORA59-binding protein 1, OBP1). In the ORA59 activity assay, OBP1 has a moderate repressing activity.
Interestingly, even more recently we discovered that OBP1 interacts in the yeast two-hybrid assay with a member of the JAZ
family. Biochemical and molecular results showed that OBP1 forms the bridge between ORA59 and the JAZ protein and that
this complex represses ORA59 activity in the absence of JAs.
Posters: RNA Mediated Regulation
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ATNSRS PROTEINS MAY LINK ALTERNATIVE SPLICING AND THE ACTION OF NON CODING RNAS

Florian Bardou* (ISV-CNRS, France), Federico Ariel (ISV-CNRS, France), Philippe Laporte (ISV-CNRS-France), Craig Simpson
(SCRI, Scotland), John Brown (SCRI, Scotland), Martin Crespi (ISV-CNRS, France)
bardou@isv.cnrs-gif.fr
In eukaryotes several RNA binding proteins (RBPs) act on mRNA at various levels from splicing to translation. Recently a large
number of non-protein coding RNAs (npcRNAs) have been identified in eukaryotes and shown to integrate into a variety of
ribonucleoproteins (RNP) to control posttranscriptional gene expression. We have identified a plant Nuclear-Speckle localised
RBP (or NSR) constitutively expressed that interacts with an npcRNA, ENOD40, that accumulates during lateral root and nodule
formation in legumes. This NSR is relocalised into a cytoplasmic RNP in the ENOD40-expressing cells (Campalans et al.,
2004). Two AtNSR homologs exist in Arabidopsis thaliana, named AtNSRa and AtNSRb that also localise in nuclear speckles
together with certain splicing-related proteins. Interestingly, AtNSR-GFP fusions are relocalised into cytoplasmic granules in
certain differentiated root cells. The AtNSRb gene is regulated by auxin whereas AtNSRa is constitutive. Single Atnsr mutants
do not show any phenotype but root growth of double mutants is partially insensitive to auxin, suggesting a redundant function
of these proteins in roots. We have analysed the splicing profile of 288 genes in wt and Atnsr roots in response to auxin in
Arabidopsis. From these 288 differentially spliced genes, 77 change their splicing profile in response to auxin and 51 required
AtNSR proteins for this change. In addition, two npcRNAs require AtNSR for their auxin induction. These results correlate with
the partial auxin insensitive phenotype of the double mutant lines. In order to validate the interaction of NSRs with mRNA and
npcRNAs, we have co-immunoprecipitated NSRs with at least 5 alternatively spliced mRNAs and 2 npcRNAs (RIP approach).
We propose that NSRs may link alternative splicing and the action of non-coding RNA during plant growth and development.
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MODULATION OF PPIASE ACTIVITY BY RNA TARGETS OF ATCYP59 IMPLIES A NOVEL LAYER FOR
TRANSCRIPTION REGULATION

Andrea Barta* (Max F. Perutz Laboratories, Austria), Olga Bannikova (Max F. Perutz Laboratories, Austria), Marek Zywicki
(Innsbruck Biocenter, Austria), Tatsiana Skrahina (Max F. Perutz Laboratories, Austria), Maria Kalyna (Max F. Perutz
Laboratories, Austria)
andrea.barta@meduniwien.ac.at
AtCyp59 is a multidomain cyclophilin containing a peptidyl-prolyl cis/trans isomerase (PPIase) domain and an evolutionarily
highly conserved RRM domain. It has been shown to bind to the C-terminal repeat domain (CTD) of RNA polymerase II and to
influence phosphorylation of the CTD. To isolate RNA targets of AtCyp59 we employed a genomic SELEX method which is an
unbiased approach to select potential RNA binding partners. Analysis of the selected RNAs revealed an RNA binding motif
whose binding was verified by gel shift assays in vitro and by RNA immunopreciptation assays of AtCyp59 in vivo Interestingly,
genome-wide analysis showed that the consensus motif was present in at least 70 % of the annotated transcript preferentially
upstream the stop codon. In addition, we show that binding of specific RNA inhibits the PPIase activity of AtCyp59 in vitro. The
fact that the binding motif is evolutionary conserved suggests that the activity of AtCyp59 adds an additional layer of regulation
to the transcription cycle.. The available data support a model where binding of AtCyp59 to the nacent RNA transcript modulate
transcription dynamics by regulating phosphorylation of the CTD.

71

A NEW MICROARRAY PLATFORM FOR THE GENOME-WIDE IDENTIFICATION OF ALTERNATIVE SPLICING
EVENTS IN ARABIDOPSIS

Chiung-swey Joanne Chang* (Institute of Plant and Microbial Biology, Academia Sinica, Taiwan), Szu-Hsien Wu (Institute of
Plant and Microbial Biology, Academia Sinica, Taiwan) Shu-Hsing Wu (Institute of Plant and Microbial Biology, Academia
Sinica, Taiwan)
spike@gate.sinica.edu.tw
Alternative splicing (AS) of pre-mRNAs is an essential mechanism that enhances transcriptome plasticity and proteome
diversity. Global surveys of alternative splicing events add a new dimension in global interpretations of functional gene
expression and regulation. Currently the high throughput, but short-read, next-generation sequencing (NGS) and the medium
throughput high-resolution RT-PCR have been used for AS identifications. However, a targeted high-throughput platform was
less explored in AS studies in Arabidopsis. We thus generated a new microarray platform for detecting genome-wide AS events.
Exon junction probes, based on TAIR10 gene models supported by mRNA/EST sequences and putative AS events from NGS
data, was in-situ synthesized for the identification of the AS events via microarray hybridization. We surveyed the expression of
158,000 junction events in Arabidopsis under light/dark environments. Our analysis suggests that 70% of the events tested,
corresponding to ~50% of coding genes, could be unambiguously detected under the biological conditions examined. Results
indicated 7% of the expressed genes were differentially spliced in response to the 4-hr light treatment. Sixty-three percent of
these AS events were enhanced by light. A parallel RNA-seq was performed to validate the performance of this microarray
platform (r=0.78). Novel AS events identified via RNA-seq could be used to implement the complexity of AS probes in the next
version of AS microarrays. Taken together, our study indicated that a specialized AS microarray could offer a target-flexible and
cost-effective high throughput platform for AS identification in Arabidopsis.
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HIGH SUCROSE INSENSITIVITY OF THE PUTATIVE DEADENYLASE ATCCR4 MUTANT

Yukako Chiba* (Hokkaido University, Japan), Yuya Suzuki (Hokkaido University, Japan), Pamela J. Green (University of
Delaware, USA), Junji Yamaguchi (Hokkaido University, Japan)
ychiba@cris.hokudai.ac.jp
Sucrose is important for plant growth and development as a metabolite as well as a signaling molecule. Sucrose controls the
expression of many genes and research in plant sugar signaling has focused on transcriptional regulation. However, control of
gene expression involves multiple processes from transcription to protein degradation. Recently small RNA has been shown to
impact post-transcriptional regulation, in particular the control of mRNA degradation. Deadenylation, a shortening of the poly(A)
tail, is the first and rate limiting step of mRNA degradation in many eukaryotes. Carbon Catabolite Repressor 4 (Ccr4) has been
identified as a major cytoplasmic deadenylase in yeast. Arabidopsis has six proteins homologous to yeast Ccr4. Among them,
AtCCR4-1 and AtCCR4-2 are most similar to yeast Ccr4. Transient expression analysis using GFP fusions of AtCCR4-1 or
AtCCR4-2 indicated that both are localized in specific granules called P-bodies, which are the regions within the cytoplasm
consisting of many enzymes involved in mRNA turnover. To elucidate the function of AtCCR4-1 and AtCCR4-2 in vivo, the
double mutant was constructed. The double mutant showed insensitivity to a high level of sucrose and acceleration of leaf
development and senescence. These results suggested that AtCCR4s are putative deadenylases involved in control of
expression of the genes related to sucrose signaling.
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AHG2/PARN AND AHG2 SUPPRESSOR1 (AGS1) REGULATE THE POLYA STATUS OF MITOCHONDRIAL MRNA

Takashi Hirayama* (Okayama University, Japan), Takakazu Matsuura (Okayama University, Japan), Sho Ushiyama (Yokohama
City University, Japan), Shimpei Hayashi (National Institute of Agrobiological Sciences, Japan)
hira-t@okayama-u.ac.jp
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An Arabidopsis mutant, ahg2-1, with a reduced expression level of PARN, exhibits abnormal responses to abscisic acid and
salicylic acid. In order to obtain insights into the physiological linkage between PARN action and hormonal responses, we have
tried to uncover PARN function in plant cells. Isolation and analysis of suppressor mutants for ahg2-1 revealed that polyA status
of some RNAs are the determinant of the mutant phenotype because the suppressor gene (AGS1) encodes a polyA
polymerase. To identify the target RNA molecules, microarray analyses were conducted and obtained data indicated that most
of the mitochondrial mRNAs are accumulated in the mutant. PAT analysis for these mitochondrial mRNAs revealed their
abnormal polyA addition. We also demonstrated 1) mitochondrial localization of AHG2/PARN and AGS1, 2) deletion of Nterminal sequences of these proteins reduces their functions, 3) expressions of AGS1 in budding yeast, whose mitochondria do
not have polyA addition or polyA removal activity, accumulated polyA+mitochondrial mRNA. These data suggest that
AHG2/PARN is involved in mitochondrial mRNA polyA status, and that AHG2/PARN and AGS1 cooperatively regulate the polyA
status and presumably the stability of mitochondrial mRNA in Arabidopsis. Given two independent genome possessing
organelles, plants should have developed an unique system to regulate the gene expressions in these organelles, and
presumably PARN had been specialized for mitochondrial mRNA regulation.
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SYSTEMIC FLORAL INHIBITION BY A FLORIGEN PARALOG IN ARABIDOPSIS

Nien-Chen Huang* (Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan; Molecular and Biological
Agricultural Sciences Program, Taiwan International Graduate Program, Academia Sinica, Taipei, Taiwan; and Graduate
Institute of Biotechnology, National Chung-Hsing University, Taichung, Taiwan), Jychian Chen (Institute of Molecular Biology,
Academia Sinica, Taipei, Taiwan), Tien-Shin Yu (Institute of Plant and Microbial Biology, Academia Sinica, Taipei, Taiwan)
nienchen@gate.sinica.edu.tw
Floral initiation is orchestrated by systemic floral activators and inhibitors. This remote-control system may integrate
environmental cues to modulate floral initiation. Recently, FLOWERING LOCUS T (FT) was found to be a florigen. However, the
identity of systemic floral inhibitor or anti-florigen remains to be elucidated. Here we show that Arabidopsis thaliana
CENTRORADIALIS homologue (ATC), an Arabidopsis FT paralog, may act in a non-cell autonomous manner to inhibit floral
initiation. Analysis of the ATC null mutant revealed that ATC is a short-day induced floral inhibitor. Cell type-specific expression
showed that companion cells and apex expressing ATC are sufficient to inhibit floral initiation. Histochemical analysis showed
the promoter activity of ATC mainly in vasculature but under the detection limit in apex, which suggests that ATC may moves
from the vasculature to the apex to regulate flowering. Consistent with this notion, Arabidopsis seedling-grafting experiments
demonstrated that ATC moved over long distance and that floral inhibition by ATC is graft transmissible. ATC probably
antagonizes FT activity, because both ATC and FT interact with FD and regulate the same downstream meristem identity genes
APETALA1, in an opposite manner. Thus, photoperiodic variations may trigger functionally opposite FT paralogs to systemically
regulate floral initiation.
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PLANT-SPECIFIC SER/ARG-RICH SPLICING FACTOR RS31 ACTS AS A REGULATOR OF DNA REPAIR AND
STRESS RESPONSE

Mariya Kalyna* (Max F. Perutz Laboratories, Austria), Monika Maronova (Max F. Perutz Laboratories, Austria), Armin Fuchs
(Max F. Perutz Laboratories, Austria), Zahra Ayatollahi (Max F. Perutz Laboratories, Austria), Craig Simpson (The James
Hutton Institute, Scotland), John WS Brown (University of Dundee at the James Hutton Institute, Scotland), Andrea Barta (Max
F. Perutz Laboratories, Austria)
mariya.kalyna@univie.ac.at
Most messenger RNAs in higher eukaryotes are synthesized as precursors which contain intervening sequences. Differential
intron removal and splicing of the exons by alternative splicing (AS) may result in distinct protein isoforms or affect mRNA
stability by coupling to nonsense-mediated decay. An important role of AS in the regulation of gene expression in plants is
evidenced by our recent finding that more than 60% of intron-containing genes in Arabidopsis are alternatively spliced. Ser/Argrich (SR) proteins play an important role in the regulation of splice site selection and are one of the determinants of splicing
patterns present in different cells and at specific developmental stages or conditions. We focused our study on the role of plantspecific SR protein RS31. Previously we have demonstrated that RS31 interacts with several splicing factors and is
phosphorylated by the SR protein-specific kinase SRPK4. In addition, RS31 is itself regulated by highly conserved alternative
splicing events. Now we show that the expression pattern of RS31 indicates its role in maintenance of non-dividing cells in
mature plant tissues. We demonstrate that RS31 affects levels of reactive oxygen species and that it modulates the onset of
senescence. Transcriptome screening revealed an effect of RS31 on the expression of stress response genes. By using a high
resolution AS RT-PCR panel we have identified changes in the splicing patterns of DNA repair genes. Furthermore, altered
levels of RS31 affected the sensitivity of plants to UV irradiation. Finally, we show that the splicing pattern of RS31 itself is
regulated in response to UV. Our results demonstrate that alternative splicing can complement transcriptional/post-translational
regulation of DNA repair and stress response in plants.
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MIR156 BIOGENESIS IS POSSIBLY INVOLVED IN THE RESPONSE TO AMBIENT TEMPERATURE CHANGES IN
ARABIDOPSIS

Wanhui Kim* (Creative Research Initiative, School of Life Sciences and Biotechnology, Korea University, South Korea), Ji-Hoon
Ahh (Creative Research Initiative, School of Life Sciences and Biotechnology, Korea University, South Korea)
wannycap@gmail.com
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Plant microRNAs (miRNAs) are small non-coding RNA playing an important regulatory role in plant development. It was recently
reported that a subset of miRNAs and their target gene are involved in the response to ambient temperature changes. However,
ambient temperature sensing mechanism of plant miRNAs is not known. In this study, mature and precursor expression of
miR156a and c, which are considered as major product of miR156, were anti-correlated at different ambient temperatures. RLM
5`-RACE assay revealed that more cleavage products of miR156a and miR156c precursors were produced at low temperature,
suggesting that increased and decreased expression of miR156 mature and precursor form, respectively, were caused by
enhanced cleavage of miR156 precursor at low temperature. Mapping of the cleavage site of miR156 precursor by sequencing
of cleavage fragments indicated that major cut of miR156a occurred at 3` overhang below miR156/miR156* duplex. This is
consistent with previous report demonstrating that many plant miRNA precursors are processed in a canonical base-to-loop
mode. However, in the case of miR156c, it is likely that miR156c follows loop-to-base processing. The expression level of genes
impaired in miRNA biogenesis was not altered at different ambient temperatures, indicating that anti-correlation between mature
and precursor form was not mediated by transcript level of miRNA biogenesis genes. Based on comparison of expression
analysis of ambient temperature-responsive miRNA (ATRM) precursor with their mature expression at different ambient
temperatures, we could hypothesize that ATRM is divided into two groups, being regulated ‘at transcriptional level’ and ‘at
biogenesis level’. Taken together, our results suggest the involvement of miR156 biogenesis in the response to ambient
temperature changes in plants.
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NUCLEAR 5’-3’ EXONUCLEASES FUNCTION IN TRANSCRIPTION TERMINATION AND RNA SURVEILLANCE IN
ARABIDOPSIS

Michal Krzysztof* (University of Warsaw, Poland), Monika Zakrzewska-Placzek (University of Warsaw, Poland), Joanna Kufel
(University of Warsaw, Poland)
mkrzyszton@biol.uw.edu.pl
Arabidopsis thaliana two nuclear 5’-3’ exonucleases, AtXRN2/3 are homologs of yeast Xrn2/Rat1 which is involved in the
degradation and processing of several classes of nuclear RNAs and in transcription termination of RNA polymerases I and II.
We have shown recently that AtXRN2 and AtXRN3 contribute to polyadenylation-mediated nuclear quality control for rRNA
precursors and excised spacer fragments. Here, we report that in xrn3 and xrn2/3 mutants several mRNAs and pri-miRNA
genes are significantly upregulated, without the effect on their stability. Readthrough transcripts detected upstream and
downstream of these genes indicate that this may result from defects in polymerase termination. Chromatin immunoprecipitation
confirmed increased PolII occupancy in these regions, pointing to a role of AtXRN3 nuclease in the torpedo mechanism of
termination. Screening for accumulation of those transcripts in other RNA metabolism mutants suggested they depend only on
AtXRN3. Intergenic transcripts detected in xrn3 mutants belong to both classes, polyadenylated or lacking the poly(A) tails, they
start and end in promoters, coding sequences and downstream of genes, and often contain at least fragments of coding
regions. It is possible that in plants these aberrant RNAs may activate RNAi, especially considering that plant XRN2/3 act as
endogenous silencing suppressors, but we were not able to detect any changes in DNA methylation or histon modifications in
these regions. In summary two possible models can be proposed – AtXRN3 involvement in transcription termination or in
removal of transcriptional “noise”.
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SMALL RNA INDEPENDENT SITE-SPECIFIC MRNA CLEAVAGE IN PLANTS

Renyi Liu* (University of California, Riverside, USA), Zhigang Wu (University of California, Riverside, USA)
renyi.liu@ucr.edu
Level of gene expression is a balance between gene transcription and mRNA decay. Once transcribed, mRNAs may be
degraded through several mechanisms. One of the mechanisms is microRNA-mediated decay where microRNAs recognize
target mRNAs through sequence complementarity and initiate mRNA cleavage at the recognition site. By analyzing degradome
sequencing data, we found that many site-specific cleavages of mRNAs were not mediated by small RNAs. Further analyses
showed that these site-specific cleavages were conserved in flowering plants, suggesting that the underlying mechanism is a
universal mechanism that monitors and regulates gene expression levels in the cell.
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LONG-DISTANCE MOVEMENT OF ARABIDOPSIS FLOWERING LOCUS T RNA PARTICIPATES IN SYSTEMIC
FLORAL REGULATION

Kuan-Ju Lu* (National Chung Hsing University and Academia Sinica, Taiwan), Nien-Chen Huang (National Chung Hsing
University and Academia Sinica, Taiwan), Yu-Shan Liu (Academia Sinica, Taiwan), Chung-An Lu (National Central University,
Taiwan), and Tien-Shin Yu (Academia Sinica, Taiwan)
zoar@gate.sinica.edu.tw
The finding of mRNA acting as a systemic information molecule is one of the most exciting discoveries in recent plant biology.
However, evidence demonstrating the functional significance of non-cell autonomous RNA remains limited. Recent analyses of
Arabidopsis and rice revealed FLOWERING LOCUS T (FT) protein as a systemic florigenic signal. However, whether the FT
RNA also participates in systemic floral regulation remains controversial. By using Arabidopsis cleft-grafting experiments, we
showed that the RNA of Arabidopsis FT undergoes long-distance movement from the stock to the scion apex in both FT
transformants and non-transformants. In addition, the sequences of FT RNA are sufficient to target a cell-autonomous RNA for
long-distance movement. Therefore, FT RNA is a bona fide non-cell autonomous RNA. To examine the systemic action of FT
RNA, we uncoupled the movement of FT RNA from protein by fusing FT with RED FLUORESCENT PROTEIN (RFP). When
RFP-FT protein was retained in companion cells, the detection of RFP-FT RNA correlates with floral promotion in the scion.
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Further depletion of the translocated RFP-FT RNA by RNAi or artificial miRNA against FT delayed the floral promotion,
indicating that the translocated FT RNA acts as a part of the systemic floral signaling. Our results indicate that both FT RNA and
protein move long distance and act redundantly to integrate the photoperiodic signals.
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MIRNAS MEDIATE THE REPRESSION OF GENE EXPRESSION INDUCED BY ENERGY STRESS

Cláudia Martinho* (Instituto Gulbenkian de Ciência, Portugal), Ana Confraria (Instituto Gulbenkian de Ciência, Portugal), Ignacio
Rubio-Somoza (Max Planck Institute for Developmental Biology, Germany), Elena Baena-González (Instituto Gulbenkian de
Ciência, Portugal)
cmartinho@igc.gulbenkian.pt
MicroRNAs (miRNAs) are short non-coding RNAs that regulate gene expression post-transcriptionally. In addition to their well
established role in plant development, miRNAs are also emerging as important players in the response of plants to stress.
Stress conditions are often accompanied by an energy deficit due to a decrease in the rates of photosynthesis and/or
respiration. This energy deficit triggers a vast transcriptional reprogramming that ultimately shuts down energy-consuming
biosynthetic processes and turns on energy-producing catabolic processes, such as autophagy. Some of the mRNAs that are
repressed in the stress-induced transcriptome are also targets of miRNAs. Moreover, their repression in response to energy
deficiency is compromised in mutants deficient in miRNA biogenesis. This indicates that miRNAs are partly responsible for the
repression of gene expression by stress. We will present the current work of our laboratory aimed at unraveling the specific
level(s) at which the stress-induced energy deficit regulates this miRNA effect.
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STRESS-INDUCIBLE NON-CODING ANTISENSE RNAS ARE GENERATED BY RDR-MEDIATED RNA COPYING
MECHANISM AND FUNCTION IN THE TURNOVER OF THE SENSE MRNAS UNDER ABIOTIC STRESS

Akihiro Matsui* (Plant Genomic Network Research Team, RIKEN PSC, Japan), Kei Iida (RIKEN BASE, Japan), Katsushi
Yamaguchi (NIBB Core Research Facilities, NIBB, Japan), Maho Tanaka (Plant Genomic Network Research Team, RIKEN
PSC, Japan), Junko Ishida (Plant Genomic Network Research Team, RIKEN PSC, Japan), Taeko Morosawa (Plant Genomic
Network Research Team, RIKEN PSC, Japan), Jong-Myong Kim (Plant Genomic Network Research Team, RIKEN PSC,
Japan), Shuji Shigenobu (NIBB Core Research Facilities, NIBB, Japan), Kazuo Shinozaki (Gene Discovery Research Group,
RIKEN PSC, Japan), Tetsuro Toyoda (RIKEN BASE, Japan), Motoaki Seki (Plant Genomic Network Research Team, RIKEN
PSC, Japan; Kihara Institute for Biological Research, Yokohama City University, Japan)
akihirom@psc.riken.jp
Genome-wide transcriptome approaches have revealed that cis-natural antisense RNAs exist in genome-wide. Unfortunately,
mechanisms of the antisense RNA synthesis and its function have remained unclear. Our previous study identified about 7,000
stress-inducible antisense RNAs in Arabidopsis and showed that RD29A and CYP707A1 loci that have typical drought- and
ABA- inducible genes, have a type of antisense RNAs which is complementary to sequence of the sense mRNA. It indicates
that a type of antisense RNAs is synthesized from sense mRNAs by RNA-dependent RNA polymerase (RDR). Real time RTPCR analysis showed that accumulation of RD29A antisense RNA was decreased in rdr1/2/6 triple mutants. Deep sequencing
analysis in rdr1/2/6 and wild type plants revealed that RDR-mediated antisense RNA synthesis occurs in genome-wide in
response to drought stress. Most of the antisense RNA loci did not have more significant number of accumulating small RNAs
compared with protein-coding gene loci that do not have antisense RNAs. We also showed that accumulation of RDRgenerated antisense RNAs increased in 5’-3’ exoribonuclease mutant xrn4 and decreased in de-capping enzyme mutant dcp5,
suggesting that the antisense RNAs are generated from the degraded mRNAs. RNA decay rate analysis, using RD29A sense
RNA, showed that RDR1/2/6 functions in the degradation of the sense mRNA. We propose a novel RNA regulation mechanism
that RDR-mediated synthesis of antisense RNAs functions in the turnover of sense mRNAs under the stress conditions in
plants.
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ENHANCER OF RNA INTEREFERENCE -1-LIKE-1: ONE MORE PLAYER IN THE RNA PROCESSING GAME OF THE
CHLOROPLAST

Glykeria Mermigka* (University of Crete, Greece), Ioannis Vlatakis (University of Crete, Greece), Jutta Helm (University of
Crete, Greece), Heiko Schumacher (University of Crete, Greece), Maria Dandoulaki (University of Crete, Greece), Kriton
Kalantidis (University of Crete & Institute of Molecular Biology and Biotechnology, Greece)
gmermiga@yahoo.gr
Ribonucleases are a group of enzymes widely distributed in nature. In the chloroplast, these enzymes are involved in posttranscriptional modifications of RNA molecules (RNA processing, editing, splicing and RNA turnover), generally known as RNA
processing. Our lab identified that ENHANCER OF RNA INTEREFERENCE -1-LIKE-1 (ERL1, named following plant
nomenclature conventions) in Arabidopsis thaliana, is such an enzyme. ERL1 belongs to a family of exoribonucleases which
share a common 3’-5’ exonuclease domain (EXOIII domain) containing a highly conserved DEDD motif. Members of this family
have been reported to act as suppressors of RNAi - although this is not the case for all the homologues - but they also act at the
final processing step of 5.8S rRNA maturation. By using confocal microscopy we showed that Arabidopsis ERL1, a nucleus
encoded gene, has an amino-terminal leader peptide responsible for the chloroplastic localization of the protein. In addition, we
have generated Arabidopsis plants that misexpress ERL1 (overexpressors and knock-downs) which show a very mild
phenotype. Since ERL1 acts in the chloroplast, we used these transgenic lines to study the impact of ERL1 on chloroplastic
related genes and measured the chlorophyll content. We also cloned chloroplastic rRNAs from the transgenic Arabidopsis lines
and differences on its 3’ end were observed. In addition we showed that purified ERL1 protein is capable of processing different
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RNA substrates (5SrRNAs and siRNAs). Altogether our results suggest that ERL1 is another exoribonuclease involved in the
processing of chloroplastic transcriptomes.
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RIBOSOME AS A NUTRIENT SENSOR: MECHANISM OF FEEDBACK REGULATION OF METHIONINE
BIOSYNTHESIS IN ARABIDOPSIS

Satoshi Naito* (Hokkaido University, Japan), Yui Yamashita (Hokkaido University, Japan), Noriyuki Onoue (Hokkaido University,
Japan), Katsunori Murota (Hokkaido University, Japan), Shiro Aono (Hokkaido University, Japan), Yubun Ohashi (Hokkaido
University, Japan), Suguru Hasegawa (Hokkaido University, Japan), Kazue Nakajima (Hokkaido University, Japan), Hitoshi
Onouchi (Hokkaido University, Japan)
naito@abs.agr.hokudai.ac.jp
Methionine is important not only as a protein constituent, but also as a precursor of S-adenosyl-L-methionine (AdoMet), a key
metabolite in methylation reactions, polyamine biosynthesis and, in plants, ethylene biosynthesis. Cystathionine gammasynthase (CGS) catalyzes the first committed step of methionine biosynthesis in plants and is encoded by CGS1 gene in
Arabidopsis. Unlike many of the key-step enzymes of biosynthetic pathways, CGS is not an allosteric enzyme, and its activity is
feedback-regulated according to AdoMet concentration at the step of CGS1 mRNA degradation (Science, 286: 1371, 1999;
PNAS, 100: 10225, 2003). A short stretch of amino acid sequence, termed the MTO1 region, located near the N-terminus of
CGS, acts in cis in this regulation. mto1 mutants that harbor single amino acid sequence alterations within the MTO1 region
accumulate as high as 40-fold soluble methionine (JBC, 277: 36380, 2002). Studies using in vitro translation system revealed
that prior to CGS1 mRNA degradation, AdoMet induces translation arrest at Ser-94 located immediately downstream of the
MTO1 region, and mRNA degradation occurs near the 5’ edge of the arrested ribosome (PNAS, 100: 10225, 2003; Genes Dev.,
19: 1799, 2005). Nascent peptide passes through the ribosomal exit tunnel that penetrates the large subunit. Biochemical
analyses showed that CGS1 nascent peptide covering the MTO1 region takes a compact conformation during AdoMet-induced
translation arrest (JBC, 286: 14903, 2011). In addition, experiments using transgenic Arabidopsis carrying a mutation in L17
large subunit ribosomal protein that constitutes the constriction site of the exit tunnel showed involvement of the exit tunnel in
CGS1 regulation, suggesting that MTO1 nascent peptide plays a role within the exit tunnel in AdoMet sensing. Biological
significance of this regulation will be discussed.
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CELL PROLIFERATION CONTROL DEPENDING ON THE CAPACITY OF ESSENTIAL RNA PROCESSING IS
MEDIATED BY A NAC TRANSCRIPTION FACTOR IN ARABIDOPSIS

Iwai Ohbayashi* (University of Tokyo, Japan), Yoko Matsumura (Nagoya University, Japan), Misato Ohtani (RIKEN, Japan),
Hitoshi Onouchi (Hokkaido University, Japan), Yasunori Machida (Nagoya University, Japan), Munetaka Sugiyama (University
of Tokyo, Japan)
iwai@ns.bg.s.u-tokyo.ac.jp
rid2 and rh10 are temperature-sensitive mutants of Arabidopsis that are characterized by severe defects in several aspects of
cell proliferation, including dedifferentiation and cell division reactivation at the initial stages of callus and adventitious root
formation. RID2 and RH10 encode a methyltransferase-like protein and a DEA(D/H)-box RNA helicase, respectively, both of
which localize mainly in the nucleolus and participate in pre-rRNA processing. For a genetic approach to the molecular
mechanisms connecting cell proliferation control and rRNA biosynthesis, we isolated a suppressor mutant of rid2 and
designated it as suppressor of rid two 1 (sriw1). The sriw1 rid2 double mutant could form adventitious roots and callus at the
restrictive temperature, although the impairment of pre-rRNA processing was not recovered. Similar effects of the sriw1
mutation were also observed in rh10. sriw1 was identified as a loss-of-function mutation of the gene encoding ANAC082, a NAC
transcription factor. Our analysis indicated that ANAC082 functions as a transcriptional activator and that its expression is high
in tissues where active cell proliferation occurs and elevated under the influence of the rid2 or rh10 mutation. The SRIW1
transcript has a conserved uORF preceding the ANAC082-coding region, which may be of importance in the regulation of
ANAC082 expression. We further examined the effect of the sriw1 mutation on two other temperature-sensitive mutants, rid1
and srd2, which share phenotypes with rid2 and rh10 in some aspects. RID1 and SRD2 encode a putative RNA helicase and an
snRNA transcription activator, respectively, and both are likely involved in pre-mRNA splicing. Interestingly, sriw1 suppressed
various cell proliferation-related defects of rid1 and srd2 as well as rid2 and rh10. From these findings, it can be speculated that
ANAC082 plays a critical role in the control of cell proliferation depending on the capacity of essential RNA processing.
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CRITICAL ROLES OF RID1, A DEAH-BOX RNA HELICASE INVOLVED IN PRE-MRNA SPLICING, FOR
ORGANOGENESIS IN VITRO AND IN PLANTA

Misato Ohtani* (RIKEN, Japan), Taku Demura (RIKEN, Japan), Munetaka Sugiyama (University of Tokyo, Japan)
misato@psc.riken.jp
Pre-messenger RNA (pre-mRNA) splicing is an essential process for gene expression in eukaryotic cells. Plants have a huge
number of proteins involved in pre-mRNA splicing, only some of which have been examined for their physiological roles. Here,
we address the physiological function of pre-mRNA splicing factor during organogenesis in vitro and in planta, through the
analysis of Arabidopsis temperature-sensitive mutant, rid1-1 (root initiation defective 1-1). The rid1-1 mutant has been
characterized by its severe defects in hypocotyl dedifferentiation and de novo meristem formation in tissue culture under high
temperature conditions. Phenotypic analysis of this mutant revealed that the RID1 function is also required for various stages of
plant development, such as meristem maintenance, leaf morphogenesis, and root morphogenesis. The RID1 gene encodes a
DExD/H-box RNA helicase implicated in the final steps of pre-mRNA splicing. Transient expression analysis using intronPage 50
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containing reporter genes showed that pre-mRNA splicing efficiency is affected by the rid1 mutation, which verified the
presumed function of RID1 in pre-mRNA splicing. Our results collectively suggested particular requirement for a high capacity of
pre-mRNA splicing in several specific aspects of organogenesis in vitro and in planta.
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A NEW ROLE OF AGO4 IN CELL DIVISION OF ARABIDOPSIS THALIANA

Cecilia Oliver* (Universidad Complutense de Madrid, Spain), Javier Varas (Universidad Complutense de Madrid, Spain), Mónica
Pradillo (Universidad Complutense de Madrid, Spain), Juan Luis Santos (Universidad Complutense de Madrid, Spain).
ceoliver@pas.ucm.es
ARGONAUTE proteins are implicated in RNA-mediated genetic silencing in eukaryotes. This silencing can occur at either posttranscriptional (PTGS) or transcriptional level (TGS). TGS in plants is associated to RNA-mediated methylation. ARGONAUTE 4
(AGO4) is part of the RNA induced transcription silencing complex (RITS), which binds to the repeated associated siRNAs (rasiRNAs), and guides it to target DNA. Thus, AGO4 is implicated in silencing of the repeats: MEA-ISR, AtMu1 and AtSN1, the
transposons: SIMPLEHAT2 y AtREP2, and the genes: 5S rDNA, SUP y FWA. In order to know whether AGO4 plays a role in
cell division, we have cytologically analyzed mitosis and meiosis in two mutants: one null (ago4-1, Ler) and other hypomorphic
(ago4-2, Col). At mitotic anaphase, a delay in chromatid segregation (36% in ago1-4; 32% in ago4-2), and interchromatid
bridges (4% in ago4-1; 5% in ago4-2) were observed. Despite this, mitotic progression dos not seem to be altered. At meiosis,
mutant microspores showed a chromatin decondensation at diplotene and metaphase I with respect tothose of wild type.
However, mutant and normal plants showed similar mean cell chiasma frequencies. Both mutants showed chromosome
segregation delay and bridges at anaphase I, but their frequencies were higher in ago4, in which the frequency of polyads was
48%, which is partially sterile. To obtain information about the mechanisms underlying these aberrant segregations, we
localized by FISH the 180bp repeat centromeric sequence. Although the label signal was weak in the mutants than in wild-type,
there are no problems in the assembly of the centromeric histone variant CENH3. Cells with aberrant segregations in ago4-1
apparently display a low number of microtubules with abnormal distribution. Taking into account the results obtained, it is
suggested that AGO4 could be regulating the silencing of other genes, in addition to those described so far, implicated in the
correct chromosome segregation during mitosis and meiosis.
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AMIRNAS TARGETING GROUPS OF TRANSCRIPTION FACTOR-ENCODING PARALOGS

María Rosa Ponce* (Instituto de Bioingeniería, Universidad Miguel Hernández de Elche, Spain), Sara Jover-Gil (Instituto de
Bioingeniería, Universidad Miguel Hernández de Elche, Spain), José Luis Micol (Instituto de Bioingeniería, Universidad Miguel
Hernández de Elche, Spain)
mrponce@umh.es
Our understanding of the function of individual Arabidopsis genes is obscured by the existence of gene families that include
functionally redundant members, a common occurrence in plant genomes. In fact, there is an expanding list of single null
mutants not exhibiting any mutant phenotype. In addition, examples are known of double and even triple combinations of nonallelic, loss-of-function mutations affecting paralogous genes that cause no visible phenotypes. The masking effects of gene
redundancy can be overcome with new technologies based on gene silencing, such as artificial microRNAs (amiRNAs). Since
gene redundancy is a problem often found in the study of transcription factor families, we are obtaining transgenic Arabidopsis
lines expressing amiRNAs designed to repress groups of 2 to 6 paralogous genes encoding transcription factors. Following the
design principles available at http://wmd.weigelworld.org, we constructed and transferred into Arabidopsis plants 344
transgenes, each expressing an amiRNA precursor. Morphological mutant phenotypes were exhibited by transgenic plants
corresponding to several tens of different amiRNA transgenes. Three well-known transcription factor-encoding genes with easily
visible loss-of-function phenotypes were chosen as controls: GLABRA1, AGAMOUS and PRODUCTION OF ANTHOCYANIN
PIGMENT 1. We have also used as a control the TRIPTYCHON, CAPRICE and ENHANCER OF TRY and CPC 2 genes
involved in the patterning of trichomes. In most, but not all cases the transgenic control plants obtained exhibited the phenotype
expected from downregulation of the target genes.
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DETERMINANTS BEYOND COMPLEMENTARITY AND EFFICIENT CLEAVAGE ARE REQUIRED FOR STRONG
MICRORNA159 REGULATION IN ARABIDOPSIS

Marlene Reichel* (Australian National University, Australia), Junyan Li (Australian National University, Australia), Tony Millar
(Australian National University, Australia)
marlene.reichel@anu.edu.au
Plant microRNAs (miRNAs) are critical regulators of gene expression, but despite extensive analyses, uncertainty remains over
the principles of miRNA target recognition and modes of action. Here, we utilize the highly conserved Arabidopsis miR159MYB33/MYB65 regulatory module to address fundamental questions regarding miRNA-mediated gene silencing. Firstly, we
show that perfect central complementarity is not required for strong silencing. Artificial miR159 variants with two cleavage site
mismatches can potently silence MYB33/MYB65, fully complementing a loss-of-function mir159 mutant. Moreover, these
miR159 variants can cleave MYB33/MYB65 mRNA, although cleavage appears attenuated, as MYB33/MYB65 mRNA levels
increase with increasing cleavage site mismatches. Nonetheless, un-cleaved MYB33/MYB65 transcripts are strongly repressed
by a non-cleavage mechanism, which is apparent in MYB33 transgenic plants that accumulate very high levels of un-cleaved
MYB33 transcripts. However, artificial MYB33 variants with central mismatches to miR159 were not efficiently repressed,
suggesting factors other than miRNA-target gene complementarity are critical for silencing. We demonstrated that highly
conserved nucleotides that flank the miR159 binding site in MYB33 are critical for efficient silencing, implying that miRNA target
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recognition extends beyond the miRNA binding site. These findings have important ramifications for the design of gene silencing
experiments, prediction of miRNA targets and understanding of the miRNA-mediated silencing mechanism.
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WIDESPREAD SPLICING REGULATORY FUNCTIONS OF POLYPYRIMIDINE TRACT-BINDING PROTEINS IN
ARABIDOPSIS THALIANA

Christina Rühl* (University of Tübingen, Germany), Eva Stauffer (University of Tübingen, Germany), Gabriele Wagner
(University of Tübingen, Germany), Andre Kahles (Sloan-Kettering Institute, USA), Gunnar Rätsch (Sloan-Kettering Institute,
USA), Andreas Wachter (University of Tübingen, Germany)
Christina.Ruehl@zmbp.uni-tuebingen.de
Polypyrimidine tract-binding proteins (PTBs) are known to regulate alternative splicing (AS) in mammals, where they contribute
to neuronal development by reprogramming global splicing patterns. In Arabidopsis thaliana, three PTB homologues have been
identified, all generating two splice variants of which one is protein-coding, while the other is targeted for nonsense-mediated
decay (NMD). As PTBs can alter the splicing of their own pre-mRNAs, a model of negative auto- and crossregulation has been
proposed. To assess, whether plant PTB homologues exploit their splicing regulatory potential to a similar extent as mammalian
PTBs and to identify the biological processes under control, we are using a misexpression approach for all Arabidopsis PTBs.
These transgenic Arabidopsis lines have been used to investigate PTB-dependent changes in global splicing patterns by highthroughput transcriptome analyses. Our experiments resulted in a list of currently more than 300 putative PTB regulation
targets, thus providing the first evidence of a widespread AS regulatory role of plant PTBs. Exon skipping, intron retention, and
alternative 5’ splice sites account for approximately 20%, 40%, and 30% of all so far identified PTB-dependent AS events,
respectively, whereas alternative 3’ splice sites are clearly underrepresented among the targets. With respect to the biological
functions of plant PTBs, we have found several flowering time regulators displaying a PTB-dependent alteration of splicing
patterns. Furthermore, the phytochrome interacting factor PIF6 is among the identified regulation targets. In accordance to a
reported role of one PIF6 splicing variant in germination control, different ABA-dependent germination rates have been
observed in PTB misexpression lines. In conclusion, our work has revealed widespread AS regulatory functions of the PTB
splicing factors with important functional implications in various fundamental processes of Arabidopsis development.
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RED LIGHT-DEPENDENT ALTERNATIVE SPLICING IN PHYTOCHROME B SIGNALING

Hiromasa Shikata* (Kyushu University, Japan), Tomokazu Ushijima (Kyushu University, Japan), Mami Shibata (Kyushu
University, Japan), Moeko Nakashima (Kyushu University, Japan), Sam-Geun Kong (Kyushu University, Japan), Ken Matsuoka
(Kyushu University, Japan), Chentao Lin (University of California, Los Angeles, USA), Tomonao Matsushita (Kyushu University,
Japan)
hshikat@agr.kyushu-u.ac.jp
Light sensing is crucial for plants to adapt their growth and development to the surroundings. Phytochrome B (phyB), a red/farred light-absorbing photoreceptor, plays a major role in mediating these plants’ responses to light. PhyB regulates
transcriptional network through light-dependent inhibitinon of transcription factors. In this study, our genetic screen identified
rrc1 (reduced red-light responses in cry1cry2 background 1), an Arabidopsis mutant that displayed reduced phyB signaling.
RRC1 encodes an ortholog of the human potential splicing factor SR140. Genetic analysis showed that RRC1 acts downstream
of phyB. Immunoblot analysis revealed that truncated RRC1 proteins lacking the C-terminal region were produced in several
rrc1 alleles. The RRC1 polypeptide has a C-terminal arginine/serine-rich (RS) domain that is important for the regulation of
alternative pre-mRNA splicing (AS). Deletion analysis of RRC1 demonstrated that the deletion of the RS domain reduced phyB
signaling. The rrc1 mutants exhibited aberrant AS patterns of several SR protein genes (e.g. RS31 and SR34b), which encode
essential splicing factors required for both constitutive and alternative splicing. We also found that their AS patterns were
transiently altered after irradiation with red light, and that the response was reduced in both phyB and rrc1 mutants. These
findings suggested that phyB controls red light-dependent AS through the RS domain of RRC1.

91

FUNCTIONAL ANALYSIS OF ARABIDOPSIS LSM PROTEINS IN PLANT MRNA TURNOVER

Pawel Sikorski* (University of Warsaw, Poland), Anna Golisz (University of Warsaw, Poland), Izabela Wawer (University of
Warsaw, Poland), Joanna Kufel (University of Warsaw, Poland)
sikorski@ibb.waw.pl
Sm-like (Lsm) proteins had been extensively studied in yeast and humans and were shown to be important players in many
aspects of RNA metabolism. They form two distinct heptameric complexes: the nuclear Lsm2-8 complex is a core component of
the U6 snRNP and is involved in mRNA splicing and the cytoplasmic Lsm1-7 is engaged in 5’-3’ mRNA degradation. To
investigate the function of plant LSM proteins we have identified and cloned Arabidopsis LSM homologues. We showed that at
least two LSM complexes, cytoplasmic AtLSM1-7 and nuclear AtLSM2-8, exist also in plants. Using mutants in AtLSM8,
AtLSM1 and AtLSM5/SAD1 genes we confirmed that AtLSM5 and AtLSM8 function in pre-mRNA splicing, while AtLSM1 and
AtLSM5 contribute to 5’-3’ mRNA decay. In lsm8 and sad1/lsm5 mutants the U6 level was reduced and unspliced mRNA
precursors accumulated, whereas mRNA stability was mainly affected in plants lacking AtLSM1 and AtLSM5. mRNAs changed
in lsm1 and sad1 mutants partially overlapped with substrates of the cytoplasmic 5’-3’ exonuclease AtXRN4 or of the decapping
enzyme AtDCP2. Surprisingly, a subset of substrates was also stabilized in plants lacking AtLSM8, which supports the notion
that in plants mRNAs are actively degraded in the nucleus. Using Tandem Affinity Purification method we also show that plant
LSM1-7 interacts with three Arabidopsis PAT1 homologues. The existence of potential three LSM/PAT1 complexes
corroborates the notion that mRNA turnover in plants pathways are more complex than in other eukaryotic organisms.
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COMBINING LASER CAPTURE MICRODISSECTION AND TRANSCRIPTOMIC APPROACHES TO UNDERSTAND
THE REGULATION OF PLANT DEVELOPMENT BY THE IWR1-TYPE TRANSCRIPTION FACTOR DMS4

Matthew W.B. Spencer* (Gregor Mendel Institute Vienna, Austria), Marc W. Schmid (Institute of Plant Biology and Zürich-Basel
Plant Science Center, University of Zürich, Switzerland), David P. Kreil (BOKU University, Vienna, Austria), Antonius J.M.
Matzke (Gregor Mendel Institute Vienna, Austria), Marjori Matzke (Gregor Mendel Institute, Vienna, Austria)
Matthew.spencer@gmi.oeaw.ac.at
The IWR1-type transcription factor DEFECTIVE IN MERISTEM SILENCING 4 (DMS4) was identified in a genetic screen
designed to reveal factors important for RNA-directed DNA methylation (RdDM) in a developmental context in Arabidopsis
thaliana. In contrast to other mutants identified in this screen, dms4 mutants show a pleiotropic developmental phenotype in
addition to deficiencies in RdDM. To understand the diverse roles of DMS4 in the regulation of both RdDM and plant
development, we have utilised laser capture microdissection in combination with microarray and deep-sequencing technologies
to uncover the transcriptional changes mediated in the stem cell niches.
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ROLE OF MITOCHONDRIA IN THE RESTRCITION OF FORMATIVE CELL DIVISION AT THE INITIAL STAGE OF
LATERAL ROOT PRIMORDIUM DEVELOPMENT

Munetaka Sugiyama* (University of Tokyo, Japan), Kurataka Otsuka (University of Tokyo, Japan), Mineko Konishi (University of
Tokyo, Japan), Atsuko Kinoshita (University of Tokyo, Japan), Takushi Hachiya (University of Tokyo, Japan), Ko Noguchi
(University of Tokyo, Japan), Takashi Ueda (University of Tokyo, Japan), Takashi Hirayama (Okayama University, Japan)
sugiyama@ns.bg.s.u-tokyo.ac.jp
Lateral root formation begins with a few rounds of asymmetric, anticlinal cell division (termed "formative cell division") in the
pericycle, which determines the basal dimensions of root primordia. Here we show, based on molecular genetic analysis of
temperature-dependent fasciation (TDF) mutants of Arabidopsis thaliana, that mitochondria play an unexpectedly important role
in the restriction of formative cell division and thus in the control of the basal dimensions of lateral root primordia. Three TDF
mutants, root redifferentiation defective 1 (rrd1), rrd2, and root initiation defective 4 (rid4), exhibit lateral root fasciation resulting
from excess formative cell division under high-temperature conditions. By positional cloning, we identify RRD1 as encoding a
poly(A)-specific ribonuclease (PARN)-like protein and RRD2 and RID4 as encoding pentatricopeptide repeat (PPR) proteins.
Subcellular localization and predicted functions of these proteins implicate them in poly(A)-dependent RNA degradation in
mitochondria. This characterization is supported by the finding that mitochondrial RNAs with poly(A) tails, most of which are
mRNAs of respiratory chain components, accumulate at an unusually high level in these TDF mutants. Phenocopy of the TDF
mutants by treatment with respiration inhibitors further suggests that impaired mRNA metabolism in the mutant mitochondria
releases the restriction of formative cell division through suppression of respiration. Our data provide novel insights into the
molecular machinery and physiological and developmental roles of mitochondrial mRNA metabolism in plants.
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NON-CANONICAL PROCESSING OF ARABIDOPSIS PRI-MIR319A/B/C GENERATES ADDITIONAL MICRORNAS
TO TARGET ONE RAP2.12 MRNA ISOFORM

Zofia Szweykowska-Kulińska* (Adam Mickiewicz University, Poland), Łukasz Sobkowiak (Adam Mickiewicz University, Poland),
Wojciech Karłowski (Adam Mickiewicz University, Poland), Artur Jarmołowski (Adam Mickiewicz University, Poland)
zofszwey@amu.edu.pl
MicroRNAs (miRNAs) represent a class of endogenous short, 21-24 nucleotides long, regulatory RNA molecules. They are
involved in the regulation of gene expression by targeting the cognate mRNA molecules for cleavage or by inhibiting their
translation. In Arabidopsis thaliana plants, the mature miRNAs are generated from the fold-back hairpin like structure of nuclearlocalized MIR gene transcripts termed pri-miRNAs. Arabidopsis miR319a/b/c primary transcripts are unusual because of the
presence of a long stem and loop structure containing functional miR319a/b/c molecules. In our experiments carried out using
HTS, we have shown that additional microRNAs, miR319a.2/b.2/c.2 are generated from the upper part of the same hairpin
structure. We have also found cognate miRNAa.2*/b.2* to be present in the HTS results with considerably lower number of
reads. Northern hybridization revealed that miR319b.2 is mainly expressed in 35-day-old plant rosette leaves, as well as in stem
and inflorescences of 42- and 53-day-old plants. Moreover, it carries multiple signatures of a functional microRNA: its
biogenesis is Hyl-1 dependent; (ii) it is incorporated in substantial amount into RISC complexes containing Ago1, Ago2, or Ago4
protein; (iii) 24nt-long species of miR319b.2 have been found in inflorescences where they are more abundant than 21nt
miR319b.2 species; (iv) it is present in various ratios to miR319b during plant development, suggesting the existence of
regulatory mechanism responsible for its biogenesis/processing; (v) there is observed cross-species conservation of the
miR319a/b/c stem nucleotide sequence extending beyond mature microRNA region; (vi) all evidence including data form
degradome Neomorph database, 5’RACE of 3’ slicing product and splinted ligation assay suggests that intron-containing
RAP2.12 mRNA isoform is the target for miR319b.2. All these features prompt us to claim miR319b.2 as a functional microRNA
molecule.
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THE ROLE OF CALMODULIN-LIKE38 IN VIRAL SUPPRESSION OF RNA SILENCING
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Amy Wahba Foreman* (University of South Carolina, USA), Ansul Lokdarshi (University of Tennessee, USA), Lewis H Bowman
(University of South Carolina, USA), Daniel M Roberts (University of Tennessee, USA) and Vicki Vance (University of South
Carolina, USA)
awahba@biol.sc.edu
RNA silencing is a sequence-specific RNA degradation mechanism that serves as an antiviral defense pathway in many
eukaryotic organisms. Many components of the silencing machinery have been identified, but the regulation of the process is
not well understood. A number of viruses encode proteins that block silencing, often interfering with endogenous small RNA
pathways as well. One such viral suppressor of silencing, the helper component proteinase (HC-Pro) of potyviruses, has been
shown to interact with a tobacco protein called rgsCaM, which, like HC-Pro itself, blocks silencing when over-expressed in
tobacco. Based on computational molecular modeling, the tobacco rgsCaM is a calmodulin-related protein with several unusual
features that may be crucial for its function in suppression of silencing. Here we show that Arabidopsis CALMODULIN-LIKE38
(CML38) is a structural homolog of the tobacco suppressor of silencing, rgsCaM, based on predicted protein domains,
biochemical characteristics, and physical interaction with HC-Pro. In addition our work indicates that CML38 is also a functional
homolog of rgsCaM based on its involvement in HC-Pro-mediated suppression of RNA silencing. We find that CML38 is
required for the phenotypic anomalies associated with HC-Pro transgenic plants as well as for HC-Pro suppression of hairpin
transgene-induced RNA silencing. Together these findings point to the importance of endogenous regulatory proteins in viral
suppression of RNA silencing.
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CORE ABA SIGNALING PYL/PYR/RCAR-PP2C-SNRK2 PATHWAY IS MODULATED BY RNA DECAY.

Izabela Wawer* (Faculty of Biology, Institute of Genetics and Biotechnology, University of Warsaw, Warsaw, Poland), Anna
Golisz (Faculty of Biology, Institute of Genetics and Biotechnology, University of Warsaw, Warsaw, Poland), Dorota Kawa
(Faculty of Biology, Institute of Genetics and Biotechnology, University of Warsaw, Warsaw, Poland), Joanna Kufel (Faculty of
Biology, Institute of Genetics and Biotechnology, University of Warsaw, Warsaw, Poland)
izabela@ibb.waw.pl
Hormone signaling and stress response in plants are regulated at different levels, including RNA processing and decay.
Germination and growth of the sad1 mutant in the LSM5 gene, coding for the component of the Arabidopsis LSM complexes,
was shown to be supersensitive to abscisic acid (ABA), salt stress and drought. LSM and SM proteins are a family of small
proteins, present in all eukaryotic organisms. They exist as hexameric or heptameric complexes and are involved in RNA
metabolism. LSM proteins form two distinct complexes, nuclear LSM2-8 and cytoplasmic LSM1-7, which function in mRNA
splicing and degradation, respectively. To further investigate the link between RNA decay and plant hormone response we have
analyzed Arabidopsis lsm1 mutant, which similarly to sad1 shows growth sensitivity to ABA. We tested the mRNA level of genes
encoding core components of ABA signaling, i.e. PYL/PYR/RCAR ABA receptors, PP2C protein phosphatases and SnRK2
kinases. Transcriptome profiles revealed accumulation of some of these mRNAs, including those encoding ABA receptors.
Consistently, in-gel kinase assays using lsm1 plant extracts showed enhanced activity of ABA-depended SnRK2 kinases.
Moreover, mRNA level of ABA-induced and SnRK2-depended PP2C was upregulated in lsm1 plants. Surprisingly, other
mRNAs, e.g. RD29A and RD29B, regulated by the PYL/PYR/RCAR-PP2C-SnRK2 pathway are downregulated upon ABA
treatment. We propose that this effect is elicited through the modulation of expression of transcription factors involved in stress
signaling, mainly the AP2/ERF/DREB family. These observations suggest that ABA signaling through PYL/PYR/RCAR receptors
is regulated directly or indirectly by the cytoplasmic mRNA decay pathway.
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DCP5 IS REQUIRED FOR MIRNA-MEDIATED TRANSLATIONAL INHIBITION AND TARGET MRNA DEGRADATION
IN ARABIDOPSIS

Matthew R. Willmann* (University of Pennsylvania, USA), Qi Zheng (University of Pennsylvania, USA), Ying Chen (University of
Pennsylvania, USA), Isabelle Dragomir (University of Pennsylvania, USA), Li Yang (University of Pennsylvania, USA), Ross
Weber (University of Pennsylvania, USA), R. Scott Poethig (University of Pennsylvania, USA), Brian D. Gregory (University of
Pennsylvania, USA)
willmann@sas.upenn.edu
MicroRNAs (miRNAs) are 19-24 nt small RNAs that post-transcriptionally silence target mRNAs by directing their cleavage
and/or inhibiting their translation. In animals, it has been shown that RNA-induced silencing complexes (RISCs), each including
an Argonaute protein, miRNA, and a target mRNA, are frequently associated with subcellular structures involved in translational
inhibition and mRNA degradation known as processing bodies (P-bodies). This association appears to be a result rather than
the cause of miRNA translational silencing, since P-bodies are not required for silencing in animals. In contrast, here we show
that P-bodies are likely required for miRNA-mediated translational inhibition and, to a slightly lesser extent, cleavage in plants.
Specifically, we find that Arabidopsis hypomorphic mutants in the highly conserved, P-body-nucleating protein DCP5 enhance
the phenotypes of miRNA biogenesis and activity mutants, suggesting a role for DCP5 and P-bodies in one or both of these
processes. High-throughput sequencing of small RNAs from dcp5 revealed that the abundance of most miRNAs was not
signicantly altered in these mutant plants, while whole translatome and transcriptome sequencing showed that many miRNA
target genes are significantly increased in their translation and, to a lesser degree, their RNA level, respectively. It was also
noteworthy that a number of targets only showed increases in their translation or RNA level. These results indicate that DCP5,
and thus likely the P-body in general, is required for both miRNA-mediated regulatory mechanisms. Additionally, our data
suggests that miRNA targets fall into three different classes: those that are primarily regulated at the level of cleavage or
translation and targets that are regulated at both levels. Future studies will attempt to characterize each of the classes to
uncover what factors determine whether a miRNA will regulate a target by inhibiting translation, directing target cleavage, or
both.
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ARABIDOPSIS HEAT SHOCK FACTOR HSFB2A AND A LONG NC ANTISENSE RNA APPEAR TO BE INVOLVED IN
FEMALE GAMETOPHYTE DEVELOPMENT

Markus Wunderlich* (University of Tuebingen, Germany), Rita Groß-Hardt (University of Tuebingen, Germany), Friedrich
Schoeffl (University of Tuebingen, Germany)
markus.wunderlich@zmbp.uni-tuebingen.de
Heat shock factors (HSF) have been characterized as regulators of the heat shock response. There are 5 class B HSF genes in
Arabidopsis, which lack, in contrast to class A HSF, an activation domain but contain a B3 repressing domain. We analyzed a TDNA insertion in HSFB2a, which appears to be gamethophytically lethal: the mutant allele exists only in heterozygous plants
and siliques of these plants contain only about half as much seeds as wild-type. Ovules show an arrest of mutant female
gametophytes mainly at the four-nucleate stage after mitosis two. In situ hybridization showed expression of HSFB2a in ovules
and the existence of a natural noncoding (nc) antisense RNA. HSFB2a is also expressed in leaves and the nc-antisense
transcript is highly heat inducible, initiated by a strong HS-promoter downstream from the HSFB2a coding region. Transgenic
overexpression of either HSFB2a or nc-antisense RNA results in a knock down of the respective other gene in leaves. In both
cases the misexpression causes a similar mutant phenotype with an arrest of the female gametophytes mainly at the onenucleate stage before mitosis one.
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AUTONOMOUSLY ARRESTED RIBOSOME AND THOSE STACKED BEHIND IT ARE IN DIFERNT STATES DURING
TRANSLATION ELONGATION ARREST INDUCED BY S-ADENOSYL-L-METHIONINE IN ARABIDOPSIS CGS1
MRNA

Yui Yamashita* (Hokkaido University, Japan), Yoshitomo Kadokura (Hokkaido University, Japan), Hitoshi Onouchi (Hokkaido
University, Japan), Satoshi Naito (Hokkaido University, Japan)
yamashi-ta@mail.sci.hokudai.ac.jp
Cystathionine γ-synthase (CGS) catalyzes the reguratory step of methionine biosynthesis in higher plants, and is encoded by
the CGS1 gene in Arabidopsis. Expression of CGS1 is feedback-regulated at the step of mRNA degradation in response to Sadenosyl-L-methionine (AdoMet), a direct metabolite of methionine. AdoMet induces a temporal translation arrest in CGS1
mRNA, and triggers mRNA degradation. Translation elongation arrest occurs at the Ser-94 codon, and peptidyl-tRNA(Ser-94)
accumulates. A second and third ribosomes stack behind the initially stalled ribosome. This stacking of ribosome and CGS1
mRNA degradation are strongly correlated. To obtain insights into the states of the AdoMet-induced ribosome arrest/stacking of
ribosomes, we identified the stalled sites of the stacked ribosomes by analyzing the tRNA molecular species of the translation
arrest product. This analysis is based on the tRNA mobility difference on SDS-PAGE, and revealed that in addition to peptidyltRNA(Ser-94), peptidyl-tRNA(Val-85) accumulated as a translation arrest product. This indicates that the secondarily stacked
ribosome translates up to Val-85 codon. Similarly, peptidyl-tRNA(Ala-76) was contained among the translation arrest product.
Thus, the thirdly stacked ribosome was suggested to translate up to Ala-76 codon. Puromycin, an analogue of aminoacyl-tRNA,
was used to analyze the states of stacked ribosomes. Reactivity of the stacked ribosome with puromycin was lower than the
control ribosome at the post-translocation step. Furthermore, the reactivity was different between the initially arrested ribosome
and stacked ribosomes, suggesting that stalled states are different between these ribosomes.
Posters: Bioenergy
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A DREB SUBFAMILY TRANSCRIPTION FACTOR INVOLVED IN THE ACTIVATION OF A GENE FOR SEED OIL
SYNTHESIS IN ARABIDOPSIS THALIANA.

Tsutae Kawai* (Chubu University, Japan), Setsushi Ito (University of Nagoya, Japan), Takayuki Matsumoto (Nagoya University,
Japan), Kenichiro Maeo (Nagoya University, Japan), Kenzo Nakamura (Chubu University, Japan)
tsuta@isc.chubu.ac.jp
During the maturation of Arabidopsis seeds, a large portion of sugar carbons imported from the source is converted into
triacylglycerol (TAG; oil) in oil bodies for storage. An AP2-type transcription factor WRI1 plays a role as a central regulator of
seed oil synthesis by directly activating genes for fatty acid synthesis in plastids during the mid-maturation phase. On the other
hand, genes for TAG synthesis in the ER during the late-maturation phase are not direct targets of WRI1. To search for factors
involved in the regulation of TAG assembly in the ER, we selected genes for transcription factors that show expression patterns
similar to that of DGAT1, and examined their abilities to trans-activate transient expression of DGAT1p::LUC reporter gene in
Arabidopsis protoplasts. A transcription factor in the DREB subfamily of AP2/ERF family proteins, designated A2, consistently
trans-activated DGAT1p::LUC, and the DGAT1 promoter contained a potential DREB-binding site sequence. Recombinant A2
showed binding to the DRE sequence in vitro, and mutation in the DRE site of DGAT1p::LUC abolished the trans-activation by
A2. A T-DNA insertion line of A2 showed reduced levels of DGAT1 mRNA in developing fruits compared to the wild type,
although seed oil content was not significantly affected. A T-DNA insertion line of a gene for a close homolog of A2 also showed
reduced DGAT1 mRNA in fruits, suggesting that they may share overlapping roles. Since over-expression of A2 under the 35S
promoter showed reduced A2 mRNA probably due to co-suppression, we prepared plants expressing A2 under the control of a
seed-specific Napin promoter. Seed specific over-expression of A2 resulted in enhanced expression DGAT1 mRNA, and seeds
of Napinp::A2 plants showed increased oil content. Transcriptome analyses of developing fruits of plants disrupted for A2 and
plants over-expressing A2 suggest that A2 is one of an activator of late-maturation genes.
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GLOBAL CHANGES IN THE TRANSCRIPTOMES OF FAST-GROWING ARABIDOPSIS

Boon L. Lim* (University of Hong Kong, Hong Kong), Chao Liang (University of Hong Kong, Hong Kong), Feng Sun (University
of Hong Kong, Hong Kong)
bllim@hku.hk
AtPAP2 is a purple acid phosphatase dual-targeted to both chloroplasts and mitochondria. Over-expression (OE) lines of
AtPAP2 grew faster, produced more seeds and exhibited a higher sucrose content in leaves (Sun et al, New Phytologist 194:
206-219). Transcriptome analysis showed that 3308 genes in shoots (11.5%) and 2313 genes in roots (7.4%) were differently
expressed between the fast-growing lines and the wild-type. Surprisingly, while AtPAP2 is dually targeted to chloroplasts and
mitochondria, very few genes of these two organelles were altered, indicating energy harvest is tightly controlled by nuclear
gene expression. In plants, energy harvest and conversion start from photosystems, and subsequently involve Calvin cycle,
glycolysis, TCA and mitochondrial respiratory. The whole chain can be regulated by 3 mechanisms: gene transcription, redox or
allosteric regulation of enzymes. While the expression of PSI, PSII and Lhca genes are unaltered in the fast-growing lines,
changes in Lhcb genes are significant. The gene expressions of most enzymes of the Calvin cycle are unaltered, indicating
these enzymes are mainly regulated by light/redox status but not at transcription level. An exception is a transketolase, which is
not regulated by redox, is activated transcriptionally. Similarly, the gene expressions of almost all enzymes of glycolysis and
TCA cycle are unaffected, indicating these enzymes are not regulated by transcription, but by allosteric modulation through the
products (citrate, ATP/ADP, NAD). Nonetheless, transcriptional regulation do play a role in sucrose and starch metabolism,
nitrogen, potassium and iron assimilations, amino acids metabolism and secondary metabolism. Overexpression of AtPAP2
results in a greater supply of energy and carbon skeleton, thus reprograms the transcriptomes to promote plant growth and
development. Our data provide valuable information on the physiology of high energy plants with high level of sucrose supply.
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THE PUTATIVE NUCLEOTIDE-SUGAR TRANSPORTER, ATUTR8, PLAYS A TISSUE AND TEMPORAL SPECIFIC
ROLE, IN THE FORMATION OF THE SEED CELL WALL.

Ignacio Moreno* (Universidad Andres Bello, Chile), Henry Temple (Universidad Andres Bello, Chile), Francisca Blanco
(Universidad Andres Bello, Chile), Macarena Greve (Universidad Andres Bello, Chile), Carol Moraga (Universidad Andres Bello,
Chile), Adrian Moreno (Universidad Andres Bello, Chile), Ariel Orellana (Universidad Andres Bello, Chile)
ig.moreno@uandresbello.edu
Mucilage is an extracellular matrix structure which is found in the surface of mature seeds. It is mainly formed by pectic
polysaccharides being rhamnogalacturonan I (RGI) one of the most important. RGI contains a backbone made of a repeat
formed by rhamnose and galacturonic acid. Mucilage biosynthesis occurs in a specific stage of development and within a
specific group of cells. A well-known gene involved in mucilage biosynthesis is MUM4; therefore, in order to look for genes
involved in mucilage biosynthesis we carried out co-expression analyses in Arabidopsis thaliana using MUM4 as bait. One of
the genes found is AtUtr8, a putative nucleotide-sugar transporter (NST). In a phylogenetic analysis, AtUtr8 is a member of the
Nucleotide Sugar Transporter gene family. Gene expression analyses using Q-PCR show that AtUTr8 is expressed mostly at 68 days post anthesis, a seed developmental stage that coincides with mucilage biosynthesis. GUS fusion to the AtUTr8
promoter shows activity during seed development. Subcellular localization analyses show that AtUtr8 is located in the Golgi
apparatus. Furthermore, insertional mutant lines in this gene show altered mucilage and lower levels of rhamnose and
galacturonic acid, suggesting that its function could be either the uptake of UDP-rhamnose, or UDP-galacturonic acid into the
Golgi apparatus. Supported by FONDAP CRG-15090007, PFB-16, MN-GFP-P10-062F. IM, HT and AM are recipients of
CONICYT doctoral scholarship
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OPTIMIZATION OF LIGNIN CONTENT IN ARABIDOPSIS TO FACILITATE BIOFUEL PRODUCTION

Katarzyna Rataj* (University of Dundee, UK), Christopher McClellan (University of Dundee, UK), Yuguo Xiao (University of
Dundee, UK), Sean Hackett (University of Dundee, UK), Abdellah Barakate (University of Dundee, UK), Leonardo Gomez
(University of York, UK), Simon McQueen‐Mason (University of York, UK), Gordon Simpson (University of Dundee, UK), Claire
Halpin (University of Dundee, UK)
k.z.rataj@dundee.ac.uk
Plant material can be a good source of renewable energy. Efforts are concentrating on using plant waste biomass as a source
of sugars for the use in biofuel production in order not to affect available food resources. The majority of this plant waste
biomass is composed of cell wall components whose complex structure is still not fully understood. One of the main
components of the plant cell wall is lignin. This complex biopolymer is crucial for plant strength and resistance to pathogens;
however it reduces the amount of sugars that can be released from plant material. Biomass from mutants in lignin biosynthesis
genes are often characterized by improved sugar release. However, many of these mutants have affected growth, which results
in reduced biomass levels. Different approaches are being used to identify novel factors that can improve sugar release,
without affecting plant growth. In the first approach, known mutants in the lignin biosynthesis pathway were re-mutagenized to
identify factors that would restore wild-type growth without affecting reduced lignin content. One of the mutants used in this
study is ccr1-3, which has a mutation in the gene encoding CINNAMOYL-COA REDUCTASE1. Plants with a restored growth
phenotype but with remaining disruption of the CCR1 gene were identified. Positions of additional mutations introduced into
these plants are currently being established. In the second approach, the question whether protein complexes are being formed
by known enzymes of the lignin biosynthesis pathway is being studied. Proteins are being purified directly from plants and
protein interactions are being identified using LC/MS. Both of these methods could reveal new components that when modified
could improve biofuel production from plant waste material.
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ISOLATION AND CHARACTERIZATION OF INTERACTING FACTORS WITH VND-INTERACTING PROTEIN2

Masatoshi Yamaguchi* (NAIST, Japan; Saitama Univ., Japan; JST PRESTO, Japan), Kohei Matsuda (NAIST, Japan), Ko Kato
(NAIST, Japan), Taku Demura (NAIST, Japan; RIKEN, Japan)
yamagu@mail.saitama-u.ac.jp
It has been reported that NAC domain transcription factor family, participates in various important regulations during the plant
development. Previously, we have identified an NAC domain protein, VND7, as a key regulator of the xylem vessel
differentiation. And we also isolated another NAC domain protein, VNI2, as an interacting factor with VND7. Further analysis
revealed that VNI2 negatively regulates the xylem vessel differentiation by inhibiting VND7 activity. In addition, we showed that
VNI2 is expressed at various types of cells and VNI2 can bind to some other NAC domain transcription factors as well as the
VND family. Here, we screened for isolation of interacting factors with VNI2 by using yeast two-hybrid system. When full length
of VNI2 was used as a bait, two NAC domain transcription factors and one RING finger domain were isolated. NAC domain of
VNI2 is required for binding to the NAC domain proteins while VNI2 lacking the C terminal region containing PEST motif is
unable to bind to the RING finger protein, suggesting that the RING finger protein could regulate stability of the VNI2 protein via
the PEST motif.
Posters: Interactions with Biotic Environment
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ANTAGONISTIC PLANT DEFENSE SYSTEM REGULATED BY PHYTOHORMONES ASSISTS INTERACTIONS
AMONG VECTOR INSECT, THRIPS AND A TOSPOVIRUS

Hiroshi Abe* (RIKEN BioResource Center, Japan), Yasuhiro Tomitaka (National Agricultural Research Center, Japan), Takeshi
Shimoda (National Agricultural Research Center, Japan), Shigemi SEO (National Institute of Agrobiological Sciences, Japan),
Tamito Sakurai (National Agricultural Research Center for Tohoku Region, Japan), Soichi Kugimiya (National Institute for AgroEnvironmental Sciences, Japan), Shinya Tsuda (National Agricultural Research Center, Japan), Masatomo Kobayashi (RIKEN
BioResource Center)
ahiroshi@rtc.riken.jp
The western flower thrips (Frankliniella occidentalis) is a polyphagous herbivore that causes serious damages on many
agricultural plants and also experimental plants. This thrips transmits tospoviruses, such as tomato spotted wilt virus (TSWV).
Therefore, feeding damage and virus disease caused by thrips attack are serious problems in many countries. Our previous
study reported that JA plays an important role to plant response and resistance to thrips, and JA-regulated plant defense
decrease thrips performance and preference. In this meeting, we report the analyses of the tritrophic interaction between plants
(Arabidopsis plants) and insect vector (western flower thrips), and also plant virus (TSWV). In ecological system, TSWV only
move to the new host plants from the infected host plants by insect vector, thrips. We indicate that TSWV infection enhances
thrips performance such as feeding activity and increases thrips population density of next generation in Arabidopsis plants.
TSWV infection elevated Salicylic acid (SA) contents and induced SA-regulated gene expression. Meanwhile, TSWV infection
decreased thrips feeding inducible JA-regulated gene expression. We also indicate that TSWV infection enhances the thrips
preference of host plants. Thrips was attracted to the TSWV infected plants, and its attractance was decreased in JA insensitive
coi1-1 mutants as compared to WT plants. In addition, SA application to WT plants enhanced this thrips attractance like TSWV
infection. Our results suggest the mechanism of virus strategy to attract vector thrips to virus-infected plants taking advantage of
antagonistic SA-JA plant defense system.
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PHYLLOBACTERIUM BRASSICAEARUM, A PLANT GROWTH PROMOTING RHIZOBACTERIA OF ARABIDOPSIS
INCREASE DROUGHT TOLERANCE THROUGH MODIFICATIONS OF PLANT DEVELOPMENT AND PHYSIOLOGY

Justine Bresson* (INRA-SUPAGRO, France), Denis Vile (INRA-SUPAGRO, France), Fabrice Varoquaux (University of
Montpellier, France), Thibaut Bontpart (INRA-SUPAGRO, France), Bruno Touraine (University of Montpellier, France)
bresson@supagro.inra.fr
Understanding how biotic interactions can improve plant tolerance to abiotic stresses is a challenging prospect for the
knowledge of plant adaptation as well as for plant breeding, especially in the context of global warming. Among the large
diversity of organisms that interact with plants within the rhizosphere, plant growth promoting rhizobacteria (PGPR) are
appropriate candidates to study plant responses under contrasted environmental conditions, such as water availability.
However, PGPR-induced physiological and developmental responses to water limitation remain to be elucidated. Here, we
inoculated Arabidopsis thaliana with Phyllobacterium brassicacearum STM196 to investigate plant growth and physiological
changes under three contrasted soil moistures: well watered conditions, moderate and severe soil water deficits. We show that,
as a result of coordinated changes in abscisic acid content, transpiration rate, water use efficiency and carbon status, the
inoculation with STM196 caused a decline in growth rate and a developmental slowdown. Since plants grew slower but longer,
plastochron index and leaf number were higher at the same developmental stage in inoculated plants. However, at the end of
vegetative growth, inoculated plants had a higher mass. These STM196-induced effects on A. thaliana were amplified under
moderate and severe water deficits, indicating that this bacterium induces a drought tolerance, more particularly drought
avoidance, through a delay in age at flowering. Moreover, under severe water deficit, survival of plants was greatly increased in
presence of bacteria. Our findings elucidate the ecophysiological bases of plant-bacteria interactions under different
environmental conditions, and address potential implications for natural selection and crop improvement.
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VPG-MEDIATED STABILIZATION OF POTATO VIRUS A RNA

Katri Eskelin* (University of Helsinki, Finland), Anders Hafren (University of Helsinki, Finland), Kimmo I. Rantalainen (University
of Helsinki, Finland), Kristiina Mäkinen (University of Helsinki, Finland)
katri.eskelin@helsinki.fi
Viral protein VPg has multiple roles in the life cycle of viruses belonging to the genus Potyvirus. We studied the effects of VPg
on virus biology by co-expressing it together with wild type Potato virus A (PVA), replication-deficient mutant, or a movementdeficient mutant. We have tagged the infectious cDNA of PVA with Renilla luciferase gene that facilitates sensitive assays on
differences in viral gene expression in N. benthamiana. Viral RNA levels were followed by q-RT-PCR. VPg co-expression
stimulated Rluc expression from all viral RNAs, but inhibited Fluc expression from monocistronic reporter mRNA. VPg coexpression did not affect fluc mRNA levels but elevated PVA RNA levels. Thus, the VPg-mediated Rluc accumulation appeared
to result from stabilization of PVA RNA, whereas reduced Fluc accumulation resulted from inhibited translation. Alternatively,
enhanced translation may have stabilized viral RNA. VPg appeared to function through the PVA 5’UTR, as its deletion abolished
stimulated gene expression. The 5’UTR was also important for the stability of viral RNA, as its deletion decreased viral RNA
levels. Deletion of the 3’UTR affected neither the VP-mediated stimulation of gene expression nor viral RNA amounts. Potyviral
VPgs interact with eIF4E and eIFiso4. When we down-regulated eIF4E expression by hairpin-induced silencing, VPg’s capacity
to stimulate viral gene expression was abolished. This shows that VPg-mediated stimulation of viral gene expression involves
eIF4Es. In conclusion, VPg can serve as a specific regulator of PVA expression by increasing viral RNA amounts that can be
translated to yield increased viral protein amounts or vice versa. The VPg-mediated inhibition of host translation can also be
important for efficient translation of PVA RNA. Thus, VPg could function to protect viral RNA from degradation to secure efficient
production of viral proteins needed for replication and virion formation.
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MULTIPLE CYTOCHOME P450 ENZYMES ARE INVOLVED IN THE BIOSYNTHESIS OF CAMALEXIN AND
RELATED INDOLIC METABOLITES

Erich Glawischnig* (Technische Universität München, Germany)
egl@wzw.tum.de
Camalexin is the characteristic phytoalexin of Arabidopsis and important for defense against a number of fungal pathogens. Its
biosynthetic pathway from tryptophan and glutathione involves multiple steps catalyzed by partially redundant cytochrome P450
enzymes of the 79B and the highly expanded 71A and 71B subfamilies. Here, a key intermediate is indole-3-acetonitrile (IAN),
which emerges as precursor of a number of defense-related metabolites, such as derivatives of indole-3-carboxylic acid.
Specific for camalexin biosynthesis, an exceptional bifunctional P450, CYP71B15 (PAD3), catalyzes cyanide release from
Cys(IAN) under formation of a thiazoline ring as well as the subsequent decarboxylation yielding camalexin. Cyp71b15 (pad3)
mutants essentially lack this enzymatic activity resulting in a general camalexin deficiency. The biosynthetic genes are highly
coregulated on transcriptional level and CYP71B15p:CYP71B15-GFP expression reveals cellular specificity of camalexin
synthesis in response to pathogen infection. Based on metabolomic analysis of camalexin biosynthetic mutants, incorporation
experiments, and in vitro characterization of enzymatic activities, a model of the biosynthetic network of induced indolic defense
compounds in Arabidopsis is presented.
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HOST AND VIRAL REGULATION OF POTATO VIRUS A RNA

Anders Hafren* (University of Helsinki, Finland), Katri Ekselin (University of Helsinki, Finland), Kristiina Makinen (University of
Helsinki, Finland)
anders.hafren@helsinki.fi
Viral RNAs are increasingly recognized to interact with host post-transcriptional mRNA regulative networks, being especially
obvious in the process of antiviral RNA silencing. Another interesting feature of viral RNAs is their multiple functions, i.e. to
serve as substrates in translation to produce viral proteins, in replication during genome multiplication and in virus particle
assembly. How viral lifecycles employ the existing RNA metabolic pathways to coordinate viral genome functions is poorly
understood at present. We have studied expression of PVA RNAs by transient transformation using Agrobacterium in Nicotiana
benthamiana. PVA RNAs are tagged with Renilla luciferase allowing quantitation of protein production. qPCR is used to follow
PVA RNA levels. We have found that a mutant PVA RNA that is incapable of RNA replication shows intriguing features in its
expression. When transformed, it undergoes substantial degradation. Several host and viral proteins influence the fate of this
RNA with effects on RNA stability and translational levels. These proteins include viral VPg, the suppressor of RNA silencing
HCpro, host ribosomal P0 and eIF4Es. At present, we try to elucidate the mRNA metabolic pathways to which the viral RNA is
targeted, and how different proteins can influence its shift from degradation to translation.
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IDENTIFICATION OF IN VIVO MAP KINASE SUBSTRATES IN ARABIDOPSIS THALIANA

Wolfgang Hoehenwarter* (University of Vienna, Austria), Martin Thomas (RWTH Aachen, Germany), Ella Nukarinen (University
of Vienna, Austria), Horst Röhrig (University of Bonn, Germany) Wolfram Weckwerth (University of Vienna, Austria), Uwe
Conrath (RWTH Aachen, Germany), Gerold J.M. Beckers (RWTH Aachen, Germany)
wolfgang.hoehenwarter@univie.ac.at
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Mitogen-activated protein kinase (MPK) cascades play a crucial role in signal transduction in eukaryotes. They transmit
extracellular stimuli (e.g. hormones, growth factors, cytokines, PAMPs and other stress signals) into intracellular responses.
Consequently, MPK cascades elicit profound changes in cell physiology that are required for the proper performance and
survival of an organism. In plants the identity of most MPK substrates remained elusive presumably because of low copy
number and/or regulation by sub-stoichiometric and transient phosphorylation. We were successful in identifying and quantifying
site specific phosphorylation of 82 known and putative previously undescribed MPK substrates in a single phosphoproteomics
experiment using a novel strategy for combined enrichment of phosphoproteins and phosphopeptides. The technique
represents a two-step chromatographic procedure combining phosphoprotein enrichment using Al(OH)3-based metal oxide
affinity chromatography (MOAC), tryptic digest of enriched phosphoproteins, and TiO2-based MOAC of resulting
phosphopeptides. The approach led to a substantial enrichment of known MPK substrates (VIP1, MAP65-1, NIA2, MKP1) and
proteins with the high- or low-stringency MPK phosphorylation motif in transgenic plants with activated MPK3 and MPK6
compared to TiO2 enrichment of phosphopeptides alone. In protein interaction network analysis of the putative MPK substrates
the GO categories abiotic and biotic stress, kinase and transcription factor activity and nuclear localization are significantly
overrepresented. Several MPK substrates and interacting proteins were involved in phototropism. The results uncover many as
yet unknown roles of MPK cascades including alternative avenues of plant defense and central control of circadian rhythms and
red light gating to the clock.
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PROTEIN PHOSPHATASE 2A AND METABOLIC CROSS-TALK IN PLANT IMMUNITY

Saijaliisa Kangasjärvi* (University of Turku, Finland), Grzegorz Konert (University of Turku, Finland), Andrea Trotta (University of
Turku, Finland), Moona Rahikainen (University of Turku, Finland), Shengchun Li (Université de Paris sud, France), Amna
Mhamdi (Université de Paris sud, France), Graham Noctor (Université de Paris sud, France)
saijaliisa.kangasjarvi@utu.fi
Light-dependent organellar pathways carry out vital functions in determining appropriate immune reactions against biotic stress
agents in plants. Through a reverse genetic approach, we identified key roles for protein phosphatase 2A (PP2A) in the crosstalk between light acclimation and disease resistance in Arabidopsis thaliana. PP2A consists of catalytic subunit C, scaffold
subunit A and variable regulatory subunit B, which determines the substrate specificity of trimeric PP2A holoenzymes. Mutants
deficient in highly similar cytoplasmic B’γ or mitochondrial B’ζ subunits of PP2A were chosen for detailed genetic and
biochemical analysis, since they displayed differential light-dependent phenotypes. Under moderate light intensity, knock-down
pp2a-b’γ mutants show a lesion mimic phenotype with premature yellowing and constitutive resistance against biotrophic and
necrotrophic pathogens. The pp2a-b’ζ mutant, in contrast, develops large rosettes and supports bacterial growth similarly to wild
type plants. The constitutive defense response of pp2a-b’γ becomes suppressed in a pp2a-b’γ pp2a-b’ζ double mutant,
suggesting PP2A-dependent cross-talk among cytoplasmic and mitochondrial pathways in plant immunity. Analysis of molecular
interactions by yeast two-hybrid screening indicated candidate PP2A-B’γ signaling partners in defense-associated metabolic
pathways. Phosphoproteomic and metabolomic approaches further revealed increased levels of methionine-salvage pathway
components and accumulation of methionine in pp2a-b’γ leaves. Also the level of myrosinase involved in the catabolism of
methionine-derived glucosinolates was increased in pp2a-b’γ compared to wild type plants. These regulatory actions were
further enhanced upon photorespiratory formation of reactive oxygen species in peroxisomes. Studies are underway to specify
the mechanisms of PP2A-mediated protein dephosphorylation in the regulation of methionine metabolism and organellar
signaling in plant immunity.
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PARASITIC PLANT EXCHANGES WIDE RANGE OF MRNAS WITH HOSTS

Gunjune Kim* (Virginia Tech, USA), Megan LeBlanc (Virginia Tech, USA), Eric Wafula (The Pennsylvania State University,
USA), Claude dePamphilis (The Pennsylvania State University, USA), James Westwood (Virginia Tech, USA)
gunjunekim@gmail.com
Cuscuta pentagona (dodder) is an obligate parasitic plant that connects to hosts via haustoria and withdraws water, nutrients,
and macromolecules. In previous research we have demonstrated that specific phloem mobile mRNA traffic from host plants to
Cuscuta, however nothing is known about the mechanisms regulating cross-species transfer or its biological significance to the
parasite. As a first step to addressing these questions, we used RNA-seq analysis to detect host mRNAs in the parasite and
parasite mRNAs in the host. Illumina GAIIx and HiSeq 2000 sequencing was used to generate more than 1.4 billion paired-end
reads from three tissues: the Cuscuta alone, the region of attachment between Cuscuta and the host plant, and the host stem
adjacent to the attachment site. Reads were filtered and mapped to 1) remove contaminant and ambiguous reads, 2) positively
identify host mRNAs in Cuscuta and 3) assembled to create a Cuscuta transcriptome. We detected 6,657 Arabidopsis RNAs
that were mobile into Cuscuta (based on two replicates) and 1,090 mobile tomato RNAs. Furthermore, we found evidence for
bidirectional movement of mRNAs from parasite to host by finding 3,030 Cuscuta unigenes in host stems above the point of
haustorial contact. The large profile of mobile RNAs from both hosts and parasite were functionally categorized using GO-slim
terms and lists of differential expression genes were generated to gain further information of mobile RNAs. The wide variety of
mRNAs moving between hosts and Cuscuta defy simple explanation in terms of functional significance for the parasite, but
suggests that capacity for non-cell-autonomous movement is a relatively common characteristic of plant mRNA in general.
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USING ARABIDOPSIS THALIANA AS A PLANT HOST TO STUDY THE AGROBACTERIUM TUMEFACIENS
QUORUM-SENSING IN CROWN GALL TUMORS

Julien Lang* (ISV/CNRS, France), Denis Faure (ISV/CNRS, France)
Julien.Lang@isv.cnrs-gif.fr
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Quorum-sensing (QS) designates a gene regulation pathway which relies on bacterial cell-density. In the phytopathogen
Agrobacterium tumefaciens, QS controls the copy-number and conjugation of the Tumor-inducing plasmid (pTi) carrying the
virulence genes and the T-DNA. However the functioning of QS on the plant host, especially during crown-gall disease, is still
poorly understood. Using Arabidopsis thaliana as a plant host, we combined different approaches to study implementation of the
Agrobacterium QS throughout the course of tumor development. By monitoring QS-dependent conjugation events in the
inoculated Agrobacterium C58 population, we established that QS occurs only at a late stage of tumor maturation. Comparative
transcriptomic profiling with the CATMA technology further demonstrated that plant responses in tumors induced either by
Agrobacterium C58 WT or by Agrobacterium C58 mutants - positively and negatively affected in the production of QS signaling
molecules - were not significantly different. This result stands at odds with recent reports and questions the range of
concentrations at which relevant effects of QS signaling molecules on plants could be observed. Finally, we showed that overaccumulation of gama-aminobutyric acid (GABA) in the A. thaliana her1-1 background resulted in a drastic decrease of the
number of pTi transconjugants in the plant tumor, confirming hereby the critical role played by GABA for the regulation of the A.
tumefaciens QS in planta. Overall our work takes advantage of the genetic toolbox offered by Arabidopsis thaliana to gain an
original view of the functioning of the Agrobacterium tumefaciens QS in the context of pathogenic interactions.
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BROAD RESISTANCE OF ARABIDOPSIS C24 TO DOWNY MILDEW IS MEDIATED BY DIFFERENT
COMBINATIONS OF ISOLATE-SPECIFIC LOCI

Dmitry Lapin* (Utrecht University, NL), Rhonda C. Meyer (IPK, Germany), Guido Van den Ackerveken (Utrecht University, NL)
d.lapin@uu.nl
Most Arabidopsis accessions are susceptible to a subset of isolates of the downy mildew pathogen Hyaloperonospora
arabidopsidis. However, Arabidopsis accession C24 is resistant to all H. arabidopsidis isolates tested so far. We studied the
genetic mechanisms underlying this broad resistance to downy mildew. Firstly, we mapped loci conferring resistance to different
isolates of H. arabidopsidis in Col-0xC24 recombinant inbred and introgression lines (RILs and ILs). It appeared that C24 does
not have a single broad resistance locus, but rather contains multiple isolate-specific loci, which in combination mediate broad
resistance to H. arabidopsidis. Secondly, to fine-map resistance loci, we developed a population of back-cross (BC) lines in the
C24 background by selecting for susceptibility to downy mildew after each BC. Forty eight independent BC5 lines were
genotyped by whole genome sequencing, and the introgressed susceptibility loci were inferred from mapped SNPs. Thirdly, we
checked if the identified QTLs co-segregated with resistance in an F2 population derived from C24xCol-0. In general, results of
mapping with RILs and ILs were confirmed by BC and F2 data. However, we observed that the effect of one QTL was highly
significant in the analysis of BC and F2 populations, but not of RILs and ILs. Our data demonstrate that C24 resistance to
downy mildew is a complex trait controlled by different combinations of isolate-specific loci. Currently, we are fine-mapping the
resistance QTLs and building a model to determine which allelic combinations of identified resistance loci provide resistance to
downy mildew isolates.
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DETECTION AND CHARACTERIZATION OF ARABIDOPSIS AND TOMATO MOBILE RNA TRAFFICKING INTO THE
PARASITIC WEED CUSCUTA PENTAGONA (DODDER)

Megan LeBlanc* (Virginia Tech, USA), Gunjune Kim (Virginia Tech, USA), James Westwood (Virginia Tech, Virginia USA)
megan.l.leblanc@gmail.com
Parasitic uptake of host mRNAs by Lespedeza dodder (Cuscuta pentagona Engelm.) has been demonstrated for a number of
transcripts, but the mechanisms of translocation, distribution and fate of these RNAs in the parasite has not been documented.
To address these issues, we selected mRNAs identified from microarray and transcriptome sequencing projects for
characterization of mobility into the parasite from Arabidopsis and tomato hosts. Transcripts of the Arabidopsis Translationally
Controlled Tumor Protein (AtTCTP), Auxin Response Factor (AtARF) and a Salt-inducible Zinc Finger Protein (AtSZFP) as well
as Tomato GIBBERELLIC ACID INSENSITIVE (SlGAI) and the Cathepsin D Protease Inhibtor (SlPI) are mobile into dodder and
can be traced over long distances and multiple time points. Copy numbers of mobile RNAs were determined using absolute
quantification real-time PCR. mRNA copies were detectable (in some cases abundantly) in the dodder stem up to 30
centimeters from the site of host attachment. Following detachment of dodder from the host, SlPI transcripts persisted up to ten
days, suggesting stability of the translocated mRNA signal. Variations in copy numbers of different mRNA molecules suggests
that specific transcripts are subject to different mechanisms of uptake or degradation between host and parasite. This research
will help to elucidate mechanisms of mRNA trafficking into parasitic plants and provide insight into the process of long-distance
signaling in all plants.
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LEAFY COTYLEDON 2 (LEC2) IS A POSITIVE REGULATOR OF THE ABA INSENSITIVE 4 GENE EXPRESSION
DURING EMBRYOGENESIS AND GERMINATION IN ARABIDOPSIS THALIANA.

Patricia León* (Instituto de Biotecnología, UNAM México), Alma Fabiola Hernández-Bernal (Instituto de Biotecnología, UNAM
México), Elizabeth Cordoba (Instituto de Biotecnología, UNAM México), Mónica Santos-Mendoza (Instituto de Biotecnología,
UNAM México), Josefat Gregorio-Jorge (Instituto de Biotecnología, UNAM México)
patricia@ibt.unam.mx
ABI4 is a transcription factor that plays central roles for plant development. It is required for a proper ABA signaling and salt
tolerance. Experimental evidence also demonstrated that ABI4 is essential for proper perception of the carbon levels and sugar
signaling early. The function of this transcription factor is also important for organelle to nucleus communication and in lateral
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root formation. ABI4 is predominantly expressed during seed development and early seedling development. Understanding how
the expression of this transcriptional factor is regulated is important. In this work using genetic and molecular approaches we
analyze the impact of the LEC master regulators over the expression of ABI4. Mutants in lec1, lec2 and fus3 transcription
factors demonstrated complex genetics interactions over the ABI4 during seed development. Each of these factors modulates in
a particular form ABI4 expression. Interestingly, we found that LEC2 is a positive regulator for the expression of ABI4 not only
during seed development but also during early seedling development. We have corroborated that LEC2 is expressed at low
levels early after germination. The absence of LEC2 in the lec2 mutant decreases importantly the ABI4 expression levels and
results in an ABA (abi) and sugar insensitive (gin) phenotypes. These data support a direct role of LEC2 transcriptional factor in
the ABA and sugar signaling in vegetative tissues. These phenotypes are observed only in the lec 2 and not in lec1 mutant. In
this work it is also presented the advances on the molecular mechanism how LEC2 affects ABI4 transcription.
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TOWARDS IDENTIFICATION OF ARABIDOPSIS GENES REQUIRED FOR SUSCEPTIBILITY TO THE OOMYCETE
PATHOGEN PHYTOPHTHORA CAPSICI

Nora Ludwig* (Plant-Microbe Interactions, Utrecht University, The Netherlands), Guido van den Ackerveken (Plant-Microbe
Interactions, Utrecht University, The Netherlands)
N.R.Ludwig@uu.nl
The oomycete Phytophthora capsici is an important pathogen with a broad host range, causing extensive losses in many
cucurbit and solanaceous crops. P. capsici can also infect Arabidopsis thaliana and is therefore a suitable model system for
plant-oomycete interactions. The Arabidopsis downy mildew resistant 6 mutant, which lacks a functional DMR6 gene, shows
resistance not only against downy mildew, but also against P. capsici. The DMR6-encoded 2-oxoglutarate (2OG)-Fe(II)dependent oxidoreductase acts as a negative regulator of defense, upstream of salicylic acid accumulation. P. capsici hyphal
growth is quickly arrested in the dmr6 mutant. Plants over expressing DMR6 are highly susceptible to infection by P. capsici. In
these susceptible plants, germ tubes develop within one hour post inoculation followed by tissue penetration. Hyphae quickly
grow intercellularly and haustorium-like bodies are formed in adjacent plant cells. Within three days post inoculation, sporangia
emerge on the plant’s surface. We have chemically mutagenized seeds of a highly susceptible DMR6-over expression line in
the Ler eds1-2_dmr6-1 background and are screening M2 seedlings for loss of susceptibility to P. capsici. We intend to find
novel susceptibility genes, but also genes that are required for the enhanced susceptibility phenotype of the DMR6-over
expression line.
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A NOVEL HIGH-THROUGHPUT FORWARD-GENETIC SCREEN TO IDENTIFY KEY COMPONENTS LEADING TO
PAMP-INDUCED RESISTANCE TO BACTERIA IN ARABIDOPSIS

Laura Masini* (The Sainsbury Laboratory, UK), Cécile Segonzac (The Sainsbury Laboratory, UK), Cyril Zipfel (The Sainsbury
Laboratory, UK)
laura.masini@sainsbury-laboratory.ac.uk
The first layer of plant immunity relies on the recognition of conserved microbial features termed pathogen-associated molecular
patterns (PAMPs) by surface-localized pattern-recognition receptors (PRRs) leading to PAMP-triggered immunity (PTI).
Although the early molecular events of PTI start to be uncovered, the mechanisms that actually lead to plant immunity (i.e.
restriction of pathogen growth) are still poorly understood. The aim of this project is the identification through forward-genetics of
molecular components required for plant resistance to bacteria following perception of the bacterial PAMP flagellin (flg22) by the
PRR FLS2. To this goal, a novel high-throughput assay for bacterial infection on Arabidopsis seedlings has been developed.
The screen itself aims at identifying mutants that are impaired in flg22-induced resistance to the bacterium Pseudomonas
syringae pv. tomato (Pto) DC3000. The primary screen is on-going and preliminary tests indicate that positive candidate
mutants are also impaired in flg22-induced resistance in adult plants, demonstrating the biological significance of the screen.

119

THE PLANT GROWTH PROMOTING BACTERIUM BURKHOLDERIA PHYTOFIRMANS PSJN AND ITS EFFECTS
THROUGHOUT THE LIFE CYCLE OF ARABIDOPSIS THALIANA: PHENOTYPIC AND TRANSCRIPTIONAL
RESPONSES.

María Josefina Poupin* (Universidad Adolfo Ibáñez, Chile), Tania Timermann (Universidad Adolfo Ibáñez, Chile), Vega Andrea
(Pontificia Universidad Católica, Chile), Bernardo González (Universidad Adolfo Ibáñez, Chile)
mpoupin@uai.cl
In the rhizosphere, plants and microorganisms are permanently interacting in a continuum ranging from deleterious (pathogens)
to beneficial (symbiosis) effects. Among the beneficial interactions are those with plant growth promoting rhizobacteria (PGPR)
which colonize the rhizosphere of many plant species and confer positive effects such as increased plant growth, reduced
susceptibility to diseases and improved tolerance to abiotic stresses. Despite the importance of PGPR-plants interactions, most
studies have studied short term responses on plants and only a few studies have analyzed the molecular responses of plants
under PGPR colonization. Burkholderia phytofirmans PsJN is a PGPR able to colonize different plants as grapevine, tomato and
potato. Here, we study the effects of strain PsJN in different life history traits of Arabidopsis thaliana plants. The transcriptional
responses of plants under inoculation were also studied. We found that a single inoculation with strain PsJN induced different
effects across the whole life of A. thaliana. During first stages of plants development strain PsJN increased several growth
parameters and accelerated the plant growth rate. Nevertheless, at the end of their life cycles, treated and non-treated plants
reached the same rosette sizes. Additionally, strain PsJN accelerated flowering time and the appearance of senescence signs
in plants. Using transcriptome analysis, 408 genes were detected as differentially expressed in strain PsJN-inoculated plants.
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Some of these genes are involved in stress response and hormone pathways. Specifically, genes implicated in auxin and
gibberellin pathways were induced, suggesting that these pathways could explain some of the observed phenotypes in
colonized plants. The finding that strain PsJN can alter several processes over the whole life cycle of plants provides novel and
interesting aspects of PGPR-plants interaction.
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THE ORPHAN SMALL-MOLECULE GLUCOSYLTRANSFERASE UGT76B1 AND ITS NEWLY IDENTIFIED
SUBTRATE ISOLEUCIC ACIC ARE NOVEL PLAYERS IN SALICYLATE- AND JASMONATE-DEPENDENT PLANT
DEFENSE

Veronica von Saint Paul* (Helmholtz Zentrum München, Germany), Wei Zhang (Helmholtz Zentrum München, Germany),
Basem Kanawati (Helmholtz Zentrum München, Germany), Theresa Faus-Kessler (Helmholtz Zentrum München, Germany),
Philippe Schmitt-Kopplin (Helmholtz Zentrum München, Germany), Anton R. Schäffner (Helmholtz Zentrum München,
Germany)
veronica.saint-paul@helmholtz-muenchen.de
Plants tightly regulate pathogen defense by the antagonistic salicylate-(SA)- and jasmonate-(JA)-mediated signaling pathways.
The Arabidopsis small-molecule glucosyltransferase UGT76B1 and its newly identified substrate isoleucic acid (ILA) are novel
modulators of this SA-JA crosstalk. UGT76B1 and most of the other 122 Arabidopsis isoforms are orphan enzymes without
known physiological roles. Yet, UGT76B1 was the top-stress-induced member responsive to biotic and abiotic cues. Loss of
UGT76B1 function led to enhanced resistance to the biotrophic pathogen Pseudomonas syringae, but increased susceptibility to
the necrotrophic Alternaria brassicicola. This is accompanied by constitutively elevated SA levels and SA-related marker gene
expression, whereas JA-dependent markers are repressed. The opposite was found in UGT76B1 overexpression lines. The
effects of ugt76b1 on both SA and JA pathways are dependent on SA and abolished in NahG lines completely degrading SA.
Based on a non-targeted metabolome analysis using FT-ICR mass spectrometry, we succeeded in identifying ILA (2-hydroxy 3methyl pentanoic acid) as a substrate of UGT76B1 without any prior clue on its chemical nature. Importantly, exogenous
application of ILA induced the SA marker gene PR1 and led to an enhanced resistance to P. syringae. ILA action required at
least basal SA level, since NahG lines disabled PR1 induction. In contrast, ILA was still relatively effective in sid2, which leads
to the loss of defense-induced SA, though PR1 expression was not restored to the wild-type level. Thus, ILA effects are only
partially dependent on SID2. In conclusion, these findings indicate (1) UGT76B1 as a novel player in plant defense attenuating
SA-dependent defense and promoting JA response and (2) a novel link of amino acid-derived molecules to plant defense via
small-molecule glucosylation. Currently, we explore whether ILA is also effective on defense systems in other plant species.
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THE MUTUALISTIC FUNGUS PIRIFORMOSPORA INDICA INDUCES AN ER STRESS-TRIGGERED VACUOLAR
CELL DEATH TO COLONIZE ARABIDOPSIS ROOTS

Patrick Schäfer* (University of Warwick, UK), Bernd Zechmann (University of Graz, Austria), Marco U. Reitz (Justus Liebig
University, Germany), Karl-Heinz Kogel (Justus Liebig University, Germany), Xiaoyu Qiang (Justus Liebig University, Germany)
P.Schafer@warwick.ac.uk
Plant roots benefit from mutualistic associations with microbes and these symbioses visualize the potential productivity of
plants. The mutualistic fungus Piriformospora indica establishes mutualistic symbioses with an apparent unlimited number of
plants and significantly promotes growth, increases seed yield or stress resistance in obviously all crops (e.g. maize, barley,
tomato) and Arabidopsis. Notably, all mutualistic effects mediated by P. indica are a consequence of successful root
colonization. If we understand the molecular basis of plant processes participating in the establishment of the root symbioses,
we most probably will know which of these processes contribute to the observed mutualistic effects. In Arabidopsis roots, P.
indica initially colonizes living cells, which undergo a programmed cell death (PCD) as the colonization proceeds. We aimed to
clarify the molecular basis of this colonization-associated PCD. Our cytological analyses revealed endoplasmic reticulum (ER)
swelling followed by vacuolar collapse in colonized cells indicating ER stress and cell death induction during root colonization.
Consistent with this, P. indica-colonized plants were hypersensitive to the ER stress-inducer tunicamycin. However, adaptive ER
stress signaling, termed the unfolded protein response (UPR), usually activated by cells to relieve ER stress was suppressed by
P. indica at the same time. Arabidopsis mutants compromised in caspase 1-like activity, mediated by cell death-regulating
vacuolar processing enzymes (VPEs), showed reduced fungal colonization and decreased PCD incidences in colonized roots.
Data presented indicate an invasion strategy of P. indica, which relies on ER stress induction and simultaneous inhibition of the
adaptive UPR. This disturbance results in a VPE-mediated vacuolar PCD, which is required for the establishment of the
symbiosis. Our data suggest a partially conserved ER stress-induced caspase-dependent cell death route in eukaryotes.
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ROLE OF CALCIUM SENSOR CML37 IN ARABIDOPSIS RESPONSE TO INSECT HERBIVORY

Sandra Scholz* (MPICE Jena, Germany), Jyothilakshmi Vadassery (MPICE Jena, Germany), Monika Heyer (MPICE Jena,
Germany), Michael Reichelt (MPICE Jena, Germany), Wilhelm Boland (MPICE Jena, Germany), Axel Mithöfer (MPICE Jena,
Germany)
sscholz@ice.mpg.de
Insects are the most species rich class of eukaryotes on earth and half of them feed on plants or are herbivores. So during their
life, most plants will encounter herbivorous insect attacks. Plants protect against insects by using an array of direct and indirect
defense strategies. These include production of anti-herbivore phytohormones, secondary metabolites, volatiles and toxins.
Relatively little is known about the early signal transduction pathways that connect insect specific elicitors (from OS) to the plant
2+
defense responses they evoke. The calcium ion (Ca ) has been implicated as a second messenger in many plant signaling
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pathways, but its role in herbivory is poorly understood. Calmodulin like proteins (CMLs) are one class of proteins which decode
2+
the calcium signature obtained by release of Ca into the cytosol as response to perception of insect elicitors. We focus on
CML37, which is significantly upregulated after insect feeding, mechanical wounding and application of phytohormones. The
larvae of the generalist herbivore Spodoptera littoralis show an altered feeding behavior on CML37 knock out plants compared
to wildtype. While there are no changes in secondary metabolites like glucosinolates, the production and probably the
perception of phytohormones is significantly reduced. According to the bioinformatics prediction CML37 is involved in a number
of signaling pathways. To study the role of CML37 in the signaling cascade and the cellular localization of the protein, several
stable tagged CML37 knock out lines are generated. In future research, these lines can be used to find interacting partners of
CML37.
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APOPLASTIC, EDS1-DEPENDENT REGULATORS OF SYSTEMIC ACQUIRED RESISTANCE

A. Corina Vlot* (Helmholtz Zentrum Muenchen (HMGU), Germany; Max Planck Institute for Plant Breeding Research (MPIPZ),
Germany), Marion Wenig (HMGU, Germany), Claudia Knappe (HMGU, Germany), Lucía Jordá (MPIPZ, Germany), Heiko
Breitenbach (HMGU, Germany), Finni Wittek (HMGU, Germany), Hakan Sarioglu (HMGU, Germany), Thomas Colby (MPIPZ,
Germany), David Mackey (The Ohio State University, USA), Jane E. Parker (MPIPZ, Germany)
corina.vlot@helmholtz-muenchen.de
Systemic acquired resistance (SAR) is induced in plants upon the induction of a local, salicylic acid (SA)-dependent immune
response by a so-called primary infection. A long lasting, broad spectrum SA-dependent disease resistance then is induced in
the systemic, healthy tissue. We report that ENHANCED DISEASE SUSCEPTIBILITY1 (EDS1), a regulatory protein acting
upstream of SA, is required both in the primary infected and in the systemic tissue for SAR to be established. The aim of this
study was to identify new, EDS1-dependent regulators of SAR. To this end, we triggered SAR by conditional expression of the
Pseudomonas syringae effector protein AvrRpm1 in wild type (wt) and eds1 mutant Arabidopsis plants. We compared the
protein composition of the apoplast isolated from both plant types. Up to 19 differentially accumulating proteins were found and
named APOPLASTIC, EDS1-DEPENDENT 1-19 (AED1-19). Here, we report the functional characterization of AED1, 4, and 5.
AED1 is a predicted aspartyl protease. Expression of the corresponding gene is induced in a partially EDS1-dependent manner
in the infected and systemic tissue upon local infection of Arabidopsis with virulent or avirulent P. syringae pathovar tomato.
Initial results using RNAi-mediated gene silencing of AED1 and its neighboring, homologous locus AED1n suggest that this
enhances the induction of PR1 gene expression in the systemic tissue of local infected plants. Moreover, conditional over
expression of AED1 represses SAR. Together, the data strongly suggest that AED1 may feedback inhibit SAR signaling. AED4
and AED5 are predicted GDSL-motif lipases. Expression of the corresponding genes is repressed in a partially EDS1dependent manner by P. syringae. Local Agrobacterium tumefaciens-mediated expression of AtAED4 and/or AtAED5 in
tobacco triggers systemic resistance to tobacco mosaic virus (TMV). A possible resistance-inducing activity of AtAED4 and
AtAED5 in Arabidopsis is currently under investigation.
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THE ROLE OF ATPME17, A PECTIN METHYLESTERASE, IN ARABIDOPSIS THALIANA APHID INTERACTIONS

Christopher Wattier* (Université de Picardie Jules Verne, France), Fabien Sénéchal (Université de Picardie Jules Verne,
France), Corinne Pau-Roblot (Université de Picardie Jules Verne, France), Jérôme Pelloux (Université de Picardie Jules Verne,
France), Anas Cherqui (Université de Picardie Jules Verne, France), Christine Rustérucci (Université de Picardie Jules Verne,
France)
christopher.wattier@u-picardie.fr
Cell wall modifications are associated with plant defense responses to biotic and abiotic stresses. Aphids are phloem feeding
insects that generally insert their stylets through the plant cell wall layers to reach the sieve elements. During stylets progression
in the apoplasm, most cells are briefly punctured intracellularly for probing. Plant defense responses to aphids appear to be
quantitatively and qualitatively different from responses to other biotic stresses. Among the genes associated with cell wall
modifications, some encoding pectin methylesterases (PMEs, EC 3.1.1.11) are induced during plant-aphid interactions. PMEs
belong to a large multigenic family (66 isoforms in Arabidopsis thaliana) and control the degree of methylesterification (DM) of
the main pectin domain: the homogalacturonan (HG), an unbranched polymer of �-(1-4) linked D-galacturonic acid residues.
The control of the DM of HGs determines the rheological properties of the cell wall and its sensitivity to pectin-degrading
enzymes to produce oligogalacturonides, endogenous defense inducers. PMEs activities are therefore likely to influence both
the plant defense responses and the aphid probing behavior. Using a wide range of approaches we demonstrated that aphid
infestation modify plant leaf structure, cell wall sugars composition and activities of cell wall enzymes as well as the expression
of some defense genes. We studied the role of pectin methylesterase 17 gene (AtPME17) in A. thaliana - Myzus persicae
interactions using a multidisciplinary approach. A knock-out mutant line (atpme17) mutant was characterized with regards to its
cell wall structure and its impact on aphid feeding behavior (electropenetrography) and physiology (demographic parameters
during 21 days). The specific role of AtPME17 in the modification of cell wall during plant-aphid interactions will be discussed.
Posters: Novel Tools/Bioinformatics
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RECOMBINEERING: ACCELERATING COMPARATIVE FUNCTIONAL GENOMICS AND TRANSLATIONAL PLANT
BIOLOGY

Jose M. Alonso* (North Carolina State University, USA), Anna N. Stepanova (North Carolina State University, USA)
jmalonso@ncsu.edu
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One of the major challenges facing modern biology is the issue of deciphering how the thousands of genes encoded in a
genome work together to provide all the functionalities of an organism. With the rapid advances in sequencing technologies, the
identification of the building blocks of a genome is no longer the limiting factor. The current bottleneck is the understanding of
how each of these individual units works and, most importantly, how similar units (genes) can be “arranged” (expressed) in
different ways to generate the large biological diversity we observe among even closely related species. Key to solving this
challenge is the availability of the detailed spatial and temporal expression maps for putative orthologs corresponding to
complete gene networks in different plant species. We have implemented the recombineering technology to tag Arabidopsis
genes in the pseudogenomic context of large genomics clones. This technology has proven to be very well suited for highthroughput approaches. In order to accelerate comparative gene functional studies between different plant species, we are
currently adapting this technology to tomato, rice, and maize. Towards this general aim, we are generating a multipurpose
whole-gene translational fusion cassettes that can be utilized not only in spatial-temporal gene expression studies, but also to
investigate protein-protein or protein-DNA interactions, to test the phenotypic effects of gain and loss of function of genes of
interest, or to perform other studies that rely on more sophisticated “custom-designed” tags. Finally, the implementation of this
high-throughput technology in several plant species for which no sequenced TAC collections are available holds the promise of
enabling comparative analysis of entire gene networks and facilitating translational plant biology at a new scale.
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GABI – DUPLO: A COLLECTION OF DOUBLE MUTANTS OF RECENTLY SEGMENTALLY DUPLICATED GENES IN
ARABIDOPSIS THALIANA

Cordelia Bolle* (LMU, Germany), Dario Leister (LMU, Germany), Gunnar Huep (Bielefeld University, Germany), Nils
Kleinboelting (Bielefeld University, Germany), Bernd Weisshaar, (Bielefeld University, Germany), Georg Haberer (Helmholtz
Zentrum München, Germany), Klaus Mayer (Helmholtz Zentrum München, Germany)
C.Bolle@lrz.uni-muenchen.de
A significant proportion of the genome of Arabidopsis thaliana (about ~5,000 of the total of ~27,000 nuclear protein-coding
genes) consists of genes which originate from recent segmental duplications and that are paralogous. Because those gene
pairs have redundant, or at least overlapping, gene functions, their functional characterisation requires the inactivation of both
gene copies. We are systematically generating such double mutants as a resource utilizing confirmed single mutant alleles from
the GABI-Kat and SALK collections. These double mutants (DMs) will be instrumental for the functional characterization of a
large number of paralogous genes. The DMs will become available to the scientific community via NASC (“Nottingham
Arabidopsis Stock Centre”). A list of the addressed gene pairs is available at http://www.gabi-kat.de/double-mutant-lists/duplogene-pairs.html. Until the end of the funding period, we will have generated 330 genotypically validated DMs and the first set of
DMs will become available from NASC within the next months. We will also provide initial data on an initial visual phenotyping
with respect to morphological and developmental characteristics of the DMs. More than 10% of the double mutants seem to
have additional phenotypes not visible in the parental lines. Therefore, this collection will be valuable for screening purposes for
novel phenotypes but also for the identification of the biological function of still uncharacterized genes.
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DESIGNER SYNTHETIC PLANT PROMOTERS: USING GENOMIC AND TRANSCRIPTOMIC DATA TO CREATE
USEFUL NOVEL ARRANGEMENTS OF CIS-REGULATORY ELEMENTS

Robert Sidney Cox III* (RIKEN BASE Yokohama, Japan), Tetsuro Toyoda (RIKEN BASE Yokohama, Japan)
cox@base.riken.jp
We have collected genomic/transcriptomic data, using the semantic web system linkdata.org, and built software to design
synthetic plant promoters by novel arrangement of cis-regulatory elements. This platform will also be used for GenoCon
(genocon.org): an international open genome design competition, where contestant DNA sequence solutions to a challenge are
evaluated by safe and state-of-the-art plant transformation and experimental characterization. We have designed 500 base-pair
synthetic promoters to perform diverse functions, since most known transcription factors in Arabidopsis thaliana bind in this
region. (1) The strongest known plant promoter is a modified version of the Cauliflower Mosaic Virus 35S. Our synthetic
promoter design, using data from related families of viruses, combines strong expression sequence motifs. As a purely
noncoding sequence, it contains no infectious or pathogenic DNA. (2) Many transcription factors are differentially regulated by
the core circadian network, which controls the daily expression rhythms of 30% of Arabidopsis genes. We have designed a
synthetic circadian promoter, based on the idea of alternating activation and repression, to display increased circadian
amplitude. Such a promoter could be used to improve the growth efficiency of transgenic crops. (3) The transcription factor
WIND1 specifically activates genes in cells surrounding plant wounds. Plant wounds might serve as synthetic enzymatic
factories: Enzymes expressed only in wounds would not affect the overall growth of the plant. We have designed a minimal
synthetic promoter to combine wound and leaf specific signals, to direct gene expression specifically to leaf wounds. Along with
the process used to create each synthetic promoter design, we will present useful applications for them in plant biomass
engineering. Comparisons of each synthetic promoter with a representative natural promoter, highlighting important differences,
will also be discussed.
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GENOCON 2012 CHALLENGE: DESIGN SYNTHETIC PLANT PROMOTERS TO CONTROL GENE EXPRESION–
TISSUE AND/OR TIME SPECIFIC

Robert Sidney Cox III* (RIKEN BASE Yokohama, Japan), Tetsuro Toyoda (RIKEN BASE Yokohama, Japan)
cox@base.riken.jp
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GenoCon (genocon.org) is an international open genome design competition where contestant DNA sequence solutions to a
challenge are evaluated by safe and state-of-the-art plant transformation and experimental characterization. The GenoCon 2012
challenge is to design a synthetic Arabidopsis promoter system of 500 base-pairs (or less) for selectively controlling the
expression of a gene. These 500 base-pairs must be consecutive, and within the region prescribed by the GenoCon genetic
vector and measurement assay system described. Genes causing even a slight reduction in transgenic plant growth can
significantly reduce product yields. By limiting gene expression to a specific tissue type or phase of plant growth, transgenic
growth inhibition might be circumvented. The region up to 500 base-pairs from the start of transcription contains most of the
position specific transcriptional regulation in plants, due to transcription factor protein binding. Though many natural tissue
specific promoters are known, the contribution of each transcription factor and enhancer to tissue/temporal specificity is an open
research topic. A set of compact synthetic promoters with defined interactions would make a useful toolkit–both for probing
spatial/temporal gene regulation, and for engineering plant metabolism. Solutions may (1) localize gene expression to specific
plant tissues such as the leaves, shoots, or wounds, (2) control the time of gene expression such as in plant senescence and
circadian regulation, or may use a combination of both approaches. Successfully designed contestant promoters, after testing
by the RIKEN Plant Science center, may find useful applications in biomass synthesis: creating useful materials in plants such
as plastics, fuels, or medicines.
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DIRECT SEQUENCING OF ARABIDOPSIS THALIANA RNA REVEALS INTERPLAY BETWEEN 3' END FORMATION
AND GENOME ORGANIZATION

Céline Duc* (University of Dundee, UK), Alexander Sherstnev (University of Dundee, UK), Christian Cole (University of Dundee,
UK), Vasiliki Zacharaki (University of Dundee, UK), Csaba Hornyik (James Hutton Institute, UK), Fatih Oszolak (Helicos
BioSciences Corporation, USA), Patrice M. Milos (Helicos BioSciences Corporation, USA), Geoffrey J. Barton(University of
Dundee, UK) Gordon G. Simpson (University of Dundee and James Hutton Institute, UK)
Celine.Duc@hutton.ac.uk
It has recently been shown that RNA 3' end formation plays a more widespread role in controlling gene expression than
previously thought. In order to examine the impact of regulated 3' end formation genome-wide, we applied direct RNA
sequencing to A. thaliana. Here we show unprecedented detail of the authentic transcriptome and how 3' end formation impacts
genome organization. We reveal extreme heterogeneity in RNA 3' ends, discover previously unrecognized non-coding RNAs
and propose widespread re-annotation of the genome. We explain the origin of most poly(A)+ antisense RNAs and identify ciselements that control 3' end formation in different registers. These findings are essential to understand what the genome
actually encodes, how it is organized and the impact of regulated 3' end formation on these processes. We are now applying
direct RNA sequencing to different A. thaliana mutant backgrounds for factors involved in 3’ end formation.
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A METHODOLOGY OF PEPTIDE SEPARATION FOR IN-DEPTH PROTEOMICS

Yoichiro Fukao* (Nara Institute of Science and Technology, Japan)
fukao@bs.naist.jp
One problem in proteomics is that peptides from abundant proteins are often preferentially detected by mass spectrometry
compared to low-abundance proteins due to ionization suppression. In the case of plants, chloroplast and storage proteins are
the major abundant proteins in addition to ribosomal and cytoskeletal proteins. Moreover, peptides derived from keratins also
interfere with peptide detection in mass spectrometric analyses. To solve the above problems, I have performed the OFFGEL
electrophoresis approach, which combines isoelectric focusing using immobilized pH gradient strips with a liquid phase. The
trypsin-digested peptides are separated in higher-resolution by the OFFGEL method, because peptides are fractionated into 24
fractions after ending of electrophoresis. In this study, microsomal proteins from shoots and roots of Arabidopsis plants grown
for 10 days on MS medium were prepared, trypsin-digested, and then separated by the OFFGEL electrophoresis. The
separated peptides in each fraction were analyzed using LTQ-Orbitrap XL following purification by C18 resin. As a result, 859 or
1,187 proteins were identified in shoot using 1.0 or 10.0 µg peptides by merging 24 mass spectrometric analysis results, and
864 or 1,244 proteins in roots (FDR < 1.0 %). On the other hand, only 94 or 92 proteins were identified in shoot using 1.0 or
10.0 µg peptide without separation by OFFGEL electrophoresis, and 131 or 97 proteins in roots (FDR < 1.0 %). I concluded that
the peptide separation by OFFGEL electrophoresis has extremely increased the total number of identified proteins. This
powerful method may lead to in-depth proteomics for the identification of low-abundance proteins.
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CHARGE SURFACE PROPERTIES COULD DETERMINE PROTEIN/CELL WALL INTERACTIONS OF ARABIDOPSIS
THALIANA PEROXIDASES (ATPRXS) INVOLVED IN LIGNIN BIOSYNTHESIS

Joaquín Herrero* (University of Alcalá, Spain), Francisco Fernández-Pérez (University of Murcia, Spain), Juan Cuello
(University of Murcia, Spain), Mª Ángeles Pedreño (University of Murcia, Spain), Federico Pomar (University of La Coruña,
Spain), José Miguel Zapata (University of Alcalá, Spain), Alberto Esteban Carrasco (University Complutense, Spain)
joaquin.herrero@uah.es
The majority of plant peroxidases, with some exceptions, carry one or two putative N-linked glycans attached to the Nglycosylation site that could participate together with the charge surface properties in protein recognition and/or protein
membrane (protein/cell wall) interactions, which determine the cellular trafficking of proteins, and their final localization
(compartmentalization). Looking for Arabidopsis thaliana peroxidases (AtPrxs) homologues to the Zinnia elegans peroxidase
(ZePrx), an enzyme involved in lignin biosynthesis we have found singular surface properties in these proteins that could
determine the nature of these interactions. The molecular surface charges and N-glycosylation sites of AtPrxs homologues to
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ZePrx were computed and determined. The results showed that mapping of the electrostatic potential demonstrates a
characteristic uneven distribution of charges on the surface of some AtPrxs similar to ZePrx leading to a surface shading pattern
not proportional to the acidic/basic amino acidid composition. Since these unusual charge surface properties together with the
glycan composition may have a biological meaning in protein/cell wall interactions, we describe the attempts made to establish
the minimal surface properties that a peroxidase involved in lignification must fulfill.
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A NOVEL ROOT HAIR ASSAY CAN EXPEDITE PROGRAMMED CELL DEATH RESEARCH

Joanna Kacprzyk* (University College Dublin, Ireland), Paul F. McCabe (University College Dublin, Ireland)
joanna.kacprzyk@ucdconnect.ie
Programmed cell death (PCD) is a set of events that result in a highly controlled and organised form of cellular destruction,
activated in every part of the plant, throughout its entire life cycle. PCD plays a crucial role in the variety of agronomically
important processes, for instance in plant development, senescence and defence responses to pathogens and environmental
stress. Cell suspension cultures provide a well established model for studying apoptotic-like PCD (AL-PCD). However,
investigation of this process in whole plants is often not feasible as the cells undergoing AL-PCD are buried within the bulk
tissue, which hinders large-scale scoring of individual cells to evaluate changes in the overall cell death rates. A novel root hair
assay (Hogg et al., Plant Methods, 2011), based on observations of morphological features of dying root hairs, allows in vivo
quantification of AL-PCD in whole plants. It utilizes the rapidly identifiable and scorable hallmark AL-PCD phenotype: cellular
condensation and retraction of the cytoplasm from the cell wall. In Arabidopsis thaliana, the root hair assay has been used
successfully in the following studies: 1) Determination of AL-PCD rates in mutant or transgene lines. Application of the root hair
assay eliminates the need of establishment of cell suspension culture and therefore results in the significant reduction of time,
cost and labour input required. 2) Investigation of AL-PCD modulation by chemical agents (e.g. caspase inhibitors). 3) More
complex studies dissecting the relationship between the AL-PCD and other pathways, employing both pharmacological and
genetic approach. 4) High-throughput screening of mutant lines in order to identify lines with altered death rates aimed at the
isolation of AL-PCD regulating genes. The root hair assay is a simple and fast system, which is characterized by high flexibility
and adjustability. Therefore it should provide a significant impact on many plant PCD research programmes.
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DISSECTING GENETIC AND ENVIRONMENTAL CORRELATION OF LIFE HISTORY TRAITS IN ARABIDOPSIS
THALIANA

Arthur Korte* (GMI Gregor Mendel Institute of Molecular Plant Biology, Austrian Academy of Sciences, Vienna, Austria), Bjarni
Vilhjálmsson (GMI Gregor Mendel Institute of Molecular Plant Biology, Austrian Academy of Sciences, Vienna, Austria;
Department of Epidemiology, Harvard School of Public Health, Boston, MA, USA), Vincent Segura (GMI Gregor Mendel Institute
of Molecular Plant Biology, Austrian Academy of Sciences, Vienna, Austria; INRA, UR0588, Orlèans, France), Alexandre
Fournier-Level (Department of Ecology and Evolutionary Biology, Brown, University, Providence, RI, USA), Amity Wilczek
(Department of Ecology and Evolutionary Biology, Brown, University, Providence, RI, USA; Deep Springs College, Big Pine, CA,
USA), Johanna Schmitt (Department of Ecology and Evolutionary Biology, Brown, University, Providence, RI, USA), Magnus
Nordborg (GMI Gregor Mendel Institute of Molecular Plant Biology, Austrian Academy of Sciences, Vienna, Austria)
arthur.korte@gmi.oeaw.ac.at
Due to decreasing costs of sequencing and genotyping, genome-wide association studies (GWAS) are becoming a standard
approach for studying the genetics of natural variation. A major problem in such studies is the complicated dependencestructure of the data. Mixed models have emerged as a general and flexible approach for dealing with this problem. Here we
extend this approach to handle correlated phenotypes by deriving a fully parameterized multi-trait mixed model (MTMM) that
considers simultaneously both the within- and between-trait variance components for multiple traits. Phenotypic correlation can
be due to either a common genetic architecture (pleiotropy) or to a common environmental effect. Dissecting these different
causes is of interest not only because of the importance of understanding pleiotropy, but also because we may expect
increased power compared to marginal analyses. To illustrate the utility of the MTMM for traits that are correlated, we
reanalyzed data obtained for a set of geographically diverse ecotypes, which were grown in replicated common garden
experiments in four European field sites. This data have been used successfully before to access the genetic basis for local
adaptation and contain both: data for multiple phenotypes measured in the same environment, and measurements of the same
phenotypes in different environments. Here we show how the genetic and environmental contribution to a specific trait can be
assessed through the use of MTMM. Additionally we report newly associated markers improving our global understanding of
both genetic and environmental variation on life-history traits.
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PP2C FAMILY OF PROTEIN PHOSPHATASES: EVOLUTION FROM ALGAE TO HIGHER PLANTS

Kotryna Kvederaviciute* (Institute of Biotechnology, Vilnius University, Lithuania), Heiko Schmidt (Center of Integrative
Bioinformatics, MFPL, University of Vienna, Austria), Irute Meskiene (Institute of Biotechnology, Vilnius University, Lithuania,
Max F. Perutz Laboratories, University of Vienna, Austria)
kotryna@ibt.lt
Protein phosphatases 2C (PP2Cs) are serine/theonine phosphatases. They form the biggest protein phosphatase family in
Arabidopsis. Previously, we have reported at least 10 groups (clusters) of this type phosphatases. Here, we present genome
wide analysis of PP2Cs from different Viridaplantae taxas including simplest algae Chlamydomonas reinhardtii, more complex
mosses Physcomitrella patens and different land plants. Using powerful and highly reliable bioinformatics tools, such as basic
local alignment tool (BLAST), hidden Markov models and phylogenetic analysis of different plant genomic data, we have
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updated previous clustering of PP2Cs. We have identified several new, previously not described PP2C clusters that are
conserved in all green plants. We will also present extended classification of PP2C type phosphatases. This overview of 2C
type plant protein phosphatases will provide better understanding of their evolution and putative functions/pathways where
these protein phosphatases are involved.
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A LARGE-SCALE MUTANT COLLECTION AND PHONOTYPE ANALYSIS FOR NUCLEAR-ENCODED
CHLOROPLAST PROTEINS

Fumiyoshi Myouga* (RIKEN Plant Science Center, Japan) , Kenji Akiyama (RIKEN Plant Science Center, Japan), Akiko
Onozuka (RIKEN Plant Science Center, Japan), Tetsuya Sakurai (RIKEN Plant Science Center, Japan), Kazuo Shinozaki
(RIKEN Plant Science Center, Japan)
fmyouga@psc.riken.jp
More than 10% of the entire nuclear genome of Arabidopsis have been assigned to code for chloroplast proteins. For the
functional analysis of the nuclear-encoded chloroplast proteins, we systematically collected their knockout mutant lines in
Arabidopsis. Based on databases of international seed stock centers, we collected 3,244 Ds/Spm transposon or T-DNA taggedlines for genes encoding 1,369 chloroplast proteins; about 66 % of 2,090 predicted chloroplast proteins (Richly and Leister,
2004). In this collection, we so far observed 2,157 tag-lines corresponding to 1,025 chloroplast proteins (75% of 2,090). We
found 263 mutants corresponding to 186 genes (18%) showing either seedling phenotypes or embryo lethal phenotypes. In our
collection, there are 72 genes of 186 genes with multiple mutant alleles that show nearly same phenotype. There are 102 genes
of 186 genes that are already reported, and a part of their mutant phenotype data is also available from TAIR or NCBI. These
results suggest that our mutant resource and phenotype data provides highly reliable linkages between the phenotypes and
genotypes of nuclear-encoded chloroplast proteins. Our results were opened and can be accessed at the web site
http://rarge.psc.riken.jp/chloroplast/, that is a public database and analysis resource for the study of chloroplast-targeted
proteins not only essential but also non-essential to plastid function. Relationship between genotypes and phenotypes is
important for systematic approach of functional genomics research in Arabidopsis. Our database is useful as a comprehensive
dictionary to connect individual genes to plastid functions based on our tagged mutant collections.
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TOWARDS A PLANT SPLICING CODE: PUTATIVE SPLICING REGULATORY ELEMENTS THAT CONTRIBUTE TO
INTRON RETENTION AND EXCISION

Anireddy S.N. Reddy* (Colorado State University, USA), Michael Hamilton (Colorado State University, USA), Asa Ben-Hur
(Colorado State University, USA)
reddy@lamar.colostate.edu
Precursor-RNAs from a significant fraction of plant genes exhibit alternative splicing (AS). AS in plants shows different
characteristics than in mammals, and is not as well studied. Whereas in mammals the primary form of AS is exon skipping, in
plants it is intron retention. In mammals there has been significant progress in elucidating the signals that drive AS, but not
much is known in plants. We report on our effort to computationally identify a collection of putative splicing regulatory elements
(SREs) that contribute to intron retention (IR) and intron excision (IE). Using a machine learning approach we identify a large
number of putative SREs that discriminate between IR and IE in Arabidopsis and rice. Our approach leverages the common
aspects of IR in the two evolutionarily divergent plants and identified over a hundred elements that are common to both plants,
as well as elements that are unique. The discovered elements show highly significant p-values for the association with IR or IE.
Several of the exonic elements we identified as associated with IR, i.e. acting as exonic splicing suppressors, have been
identified as exonic splicing suppressors that lead to exon skipping in mammals, suggesting that the same element can regulate
both exon skipping and intron retention by suppressing splicing.
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ACROSS THE BRIDGES AND INTO THE TREES

Sandra Smieszek* (Royal Holloway, University of London, UK), Haixuan Yang (Royal Holloway, University of London, UK),
Alberto Paccanaro (Royal Holloway, University of London, UK), Paul Devlin (Royal Holloway, University of London, UK)
sandra@cs.rhul.ac.uk
Circadian clocks are ubiquitous and are found in bacteria, fungi, plants and animals. They phase cellular processes and
behavior to specific times of day and anticipate daily diurnal changes providing fitness advantage. The difficulty in elucidating
the circadian clock is rooted in the notion that two independent factors contribute to controllability: the systems architecture
(which components interact with each other) and the dynamic rules that capture the time dependent interactions between
components. The identification of the principal actors (several have been characterized) inside a molecular and phenotypic
network or inside a community is important to understand the topology of a complex network. Previously, we developed novel
methods for the identification of circadian genes from short time-course microarray data and for the identification of the
individual regulatory motifs which aggregate into coherent motif clusters capable of predicting the phase of a clock gene with
high fidelity. Such motifs form the backbone of regulatory networks and play central role in defining its global topological
organization. Here, we integrate gene expression profiles and protein interaction maps to provide a systematic and global view
of combinatorial network modules underlying representative circadian programs. Furthermore we integrate the newly discovered
cis regulatory modules into the circadian regulatory networks. This study forms the beginning of analytical framework that
should allow one to study the controllability of a complex system like the circadian clock in plants through the combination of
driver nodes with their time dependent control reflecting the systems dynamic logic. Such a network will provide a quantitative
yet holistic outlook upon a complex modular network of great agronomic importance.
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COVAIN: A TOOLBOX FOR MULTIVARIATE DATA MINING, CORRELATION NETWORK TOPOLOGY ANALYSIS
AND INVERSE CALCULATION OF THE JACOBIAN FROM METABOLOMICS COVARIANCE DATA

Xiaoliang Sun* (Department of Molecular Systems Biology, University of Vienna, Austria), Wolfram Weckwerth (Department of
Molecular Systems Biology, University of Vienna, Austria)
xiaoliang.sun@univie.ac.at
Metabolomics emerges as one of the cornerstones in systems biology by characterizing metabolic activities as the ultimate
readout of physiological processes of biological systems thereby linking genotypes with the corresponding phenotypes. As
metabolomics data are high-dimensional and noisy statistical data analysis is necessary. No single technique for statistical
analysis and biological interpretation of these ultracomplex data is sufficient to reveal the full information content of the data.
E.g. a combination of univariate and multivariate, network topology and biochemical pathway mapping analysis is in all cases
recommended. Therefore, we developed a toolbox with fully graphical user interface (GUI) support in Matlab© called COVAIN
(covariance inverse). COVAIN provides a complete workflow including uploading data, data preprocessing, uni- and multivariate
statistical analysis, Granger time-series analysis, pathway mapping, correlation network topology analysis and visualization, and
finally saving results in a user-friendly way. It covers ANOVA, principal components analysis (PCA), independent components
analysis (ICA), clustering and correlation coefficient analysis and integrates new algorithms, such as Granger causality and
permutation entropy analysis that are rarely implemented in other similar software. Furthermore, we provide a new algorithm to
reconstruct the Jacobian matrix of the underlying biochemical reaction pathways by inverse engineering of the metabolomics
covariance data matrix. Though COVAIN was primarily developed for metabolomics data, it can also be used for other Omics
data analysis. We integrated a C language programming module to handle computational intensive work for large datasets, e.g.,
genome-level proteomics and transcriptomics data sets which usually contains several thousand or more variables. The
software can be downloaded from http://www.univie.ac.at/mosys/software.html.
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IMAGING MASS SPECTROMETRY OF ARABIDOPSIS THALIANA LEAF SLICES

Katsutoshi Takahashi* (Institute of Advanced Industrial Science and Technology, Japan), Daisuke Miura (Kyushu University,
Japan)
takahashi-k@aist.go.jp
Recently MALDI mass spectrometry imaging (MSI) has been a powerful tool to map spatial distribution of molecules on the
surface of biological materials. Frequently MSI is applied to animal tissue slices to map various biological molecules on the slice,
though it’s still been difficult to apply MSI techniques to plant tissue. In general, plant tissue is highly water rich and cell wall
exists between cells, so special sample preparation technique was required to make thin slice of plant tissue. Ultra-highresolution and ultra-high-accuracy in mass spectrometry are also necessary to identify metabolites contained in plant tissue. We
have developed in-house MALDI ion-source, which was equipped with Bruker-Daltonics commercial FTICR-MS (Apex-Qe-94T).
In our ion-source, small transparent ITO-coated slide glass was inserted into the vacuum and tightly focused UV-LASER beam
was irradiated to make ions from sample surface. High-precision sample stage was equipped inside the vacuum chamber and
the exact position was able to be controlled. We tried to make thin (40 micrometer) slice of quick frozen and ice embedded leaf
of Arabidopsis thaliana using Kawamoto’s method utilizing special adhesive support film. The vacuum dried slice on the support
film was, then, dedicated for matrix application using sublimation or nebulizer spraying. We tried to use 2,5-dihydroxy-benzoic
acid (DHBA) as matrix and MALDI-FTICR MSI experiment was done in negative-ion mode. Also we tried to use another matrix
substance 9-amino-acridine (9-AA) because 9-AA was reported to work as a MALDI matrix of small acidic compounds in
negative-ion mode, including typical plant hormones such as Auxins. We performed a lot of try-and-error experiments varying
thickness of matrix layer on the dried slices, to find optimized experimental parameters to map small molecules on the plant
tissue slices. Also, the samely prepared specimens were MS imaged using commercial MALDI-TOFMS, (Shimadzu AXIMER
performance).
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SUBA, THE SUBCELLULAR DATABASE FOR ARABIDOPSIS PROTEINS: HOW RELIABLE ARE SUBCELLULAR
LOCALISATION METHODS AND PREDICTORS TODAY?

Sandra Tanz* (ARC Centre of Excellence in Plant Energy Biology, Australia), Ian Castleden (Centre of Excellence in
Computational Systems Biology, Australia), Harvey Millar (ARC Centre of Excellence in Plant Energy Biology, Australia), Ian
Small (ARC Centre of Excellence in Plant Energy Biology, Australia)
sandra.tanz@uwa.edu.au
SUBA comprises large-scale proteomic and GFP localization datasets from the model plant Arabidopsis and provides a
powerful tool for analyzing protein location in Arabidopsis cells. Currently, 3271 entries are based on GFP tagging studies (2127
distinct proteins) and 16,139 entries are based on subcellular proteomic studies (6333 distinct proteins). SUBA also contains
bioinformatic predictions for protein localization, including TargetP, Predotar and iPSORT, and protein-protein interaction (PPI)
data. The database has a web interface that allows advanced combinatorial queries on the data. Photographic images of GFP
localizations allow users direct interpretation of complex patterns alongside predictions and proteomics data. SUBA provides
information on single location proteins that can be used as subcellular markers, offers insights into the current coverage of
subcellular compartments, highlights conflicts between published datasets, identifies potentially multi-targeted proteins, and
allows error rates for subcellular location tools to be assessed. Analysis of PPI data in combination with localization data shows
that PPI data can help to identify potential novel organellar proteins. SUBA was updated in December 2011 and is based on the
TAIR10 genome annotation release.
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POSITIONAL CORRELATION ANALYSIS OF HIGH-THROUGHOUT SEQUENCER DATA DISSECTING
ALTERNATIVE SPLICING AND ALTERNATIVE TRANSCRIPTION START SITES IN ARABIDOPSIS AND TOMATO

Hiromi Toyoshima* (BASE, RIKEN, JAPAN), Kei Iida (BASE, RIKEN, JAPAN), Shuji Kawaguchi (BASE, RIKEN, JAPAN),
Takanori Kondo (Fac. of Agr., Univ. of Shizuoka, JAPAN), Reiko Motohashi (Fac. of Agr., Univ. of Shizuoka, JAPAN), Tetsuro
Toyoda (BASE, RIKEN, JAPAN)
toyoshima@base.riken.jp
Transcriptional and post-transcriptional regulations are essential processes linking genome information and cell activities. In
recent days, we can obtain massive amounts of information of transcriptomes with mRNA-seq analysis which is a method to
observe transcriptome with a high-throughput sequencer. However, the sequence data from mRNA-seq are highly fragmented
and the amounts of the sequence reads contain many noises and biases. It makes difficult to know the actual status of
transcriptome in the cells. Here we developed a new method called “positional correlation analysis” for dissecting transcriptome.
In this analysis, we calculated Pearson's correlation coefficients of expression values between every pairs of genomic positions.
If the positions are belonging to a region where generates the same RNA molecule, correlation of them are expected to be high.
We had employed this method and developed a computer program called “ARTADE2” for reconstructing full-length RNA
information based on mRNA-seq data (ref. 1). In this study, we applied the positional correlation analysis for dissecting
alternative splicing events and alternative transcription start sites In Arabidopsis thaliana. We successfully found several
candidates of alternative splicing events which were regulated in developmental-stages- or environmental-stresses- dependent
manners. We also try to define a set of transcription stat sites in Solanum lycopersicum (Tomato) with mRNA-seq data
including several growth and ripe stages of fruits, which should contribute on developing biotechnologies of accumulating
biomaterials in tomato fruits
(Ref.1 Kawaguchi S et al. "Positional correlation analysis improves reconstruction of full-length transcripts and alternative
isoforms from noisy array signals or short reads". Bioinformatics. 2012 28:929-937.)
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OSCILLATOR: A SYSTEM FOR REPRODUCIBLE PHASE AND AMPLITUDE EXTRACTION OF RHYTHMIC LEAF
GROWTH IN (ROSETTE) PLANTS

Sander van der Krol* (Laboratory of Plant Physiology, Wageningen University, The Netherlands), Ralph Bours (Laboratory of
Plant Physiology, Wageningen University, The Netherlands), Harro Bouwmeester (Laboratory of Plant Physiology, Wageningen
University, The Netherlands)
sander.vanderkrol@wur.nl
OSCILLATOR is a system for the analysis of rhythmic leaf growth movement in mature plants, which consists of three modules:
(i) Infra red time lapse imaging of growing mature plants (ii) measurement of projected distances between selected leaf tip and
plant apex (leaftip tracking growth-curves) and (iii) extraction of the leaf-growth related oscillations and characterization of daily
phase and amplitude, using wavelet analysis. Wavelet analysis provides an alternative for the commonly used Fast Fourier
Transfer – Non Linear Least Squares (FFTNLLS) method. While FFTNLLS provides the average phase and amplitude of cyclic
processes, based on the best fitted sinusoidal curve over multiple days, wavelet analysis allows for a day-to-day estimation of
phase and amplitude and therefore gives a more accurate description of adaptations in these parameters resulting from a shift
to new growth conditions. OSCILLATOR is the first system that can accurately and reproducibly describe the rhythmic growth
(under both diurnal and constant light conditions) of mature Arabidopsis plants. The system is demonstrated by characterizing
phase and amplitude of growth movement of different Arabidopsis ecotypes, as well as of petunia and tomato plants under
o
o
diurnal growth conditions (12hWL 22 C/12 C). Although the amplitude of leaf movement in these analyses is dependent of the
leaf angle, no correlation was found between amplitude of leaf oscillation and leaf length suggesting a distinct leaf growth
profile for each ecotype. OSCILLATOR was subsequently used to demonstrate the role of PHYB in temperature compensation
of the phase shift in leaf movement oscillations under Positive DIF (cold night, warm day) and Negative DIF (warm night, cold
day) conditions.
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TOOLS AND TECHNIQUES FOR MONITORING FLUORESCENT REPORTERS IN PLANTA

Darren M Wells* (University of Nottingham, UK), Michael P Pound (University of Nottingham, UK), Andrew P French (University
of Nottingham, UK), Leah R Band (University of Nottingham, UK), Antoine Larrieu (University of Nottingham, UK), Michael
Wilson (University of Nottingham, UK), Teva Vernoux (Université de Lyon, France), Tony P Pridmore (University of Nottingham,
UK), Malcolm J Bennett (University of Nottingham, UK)
darren.wells@nottingham.ac.uk
Fluorescent probes and dyes represent powerful tools for acquiring cellular and sub-cellular image data. At the Centre for Plant
Integrative Biology, we have developed a range of hardware and software methodologies to acquire, process and analyze such
data for Arabidopsis roots. The design of reporters for hormone monitoring in planta will be presented, together with modelling
techniques for their quantification. These approaches have revealed new insights into the gravitropic response in Arabidopsis,
notably that the lateral auxin gradient is transient, rapidly established, and is maintained only until the mid-point of the
gravireponse. With the generation of large amounts of image data, the challenge has shifted from image acquisition to image
analysis. To address this potential bottleneck, software tools have been developed that exploit the network structure of plant
roots to segment individual cells and facilitate quantification of fluorescence in walls and nuclei, and to provide an objective
assessment of polarity in membrane-bound proteins. To manage large datasets, images are automatically curated into a
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secure, indexed, replicated datastore to aid future analyses. These software tools are being employed to develop models that
use realistic cell- and tissue-scale geometries.
Posters: Responses to the Abiotic Environment
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TGA1 AND TGA4 TRANSCRIPTION FACTORS CONTROL NITROGEN RESPONSES IN ARABIDOPSIS THALIANA
ROOTS

José Miguel Alvarez* (Pontificia Universidad Católica, Chile), Eleodoro Riveras (Pontificia Universidad Católica, Chile), Diana
Gras (Pontificia Universidad Católica, Chile), Elena Vidal (Pontificia Universidad Católica, Chile), Orlando Contreras-Lopez
(Pontificia Universidad Católica, Chile), Felipe Aceituno (Pontificia Universidad Católica, Chile), Karem Tamayo (Pontificia
Universidad Católica, Chile), Rodrigo Gutiérrez (Pontificia Universidad Católica, Chile)
jmalvarh@uc.cl
Nitrogen (N) nutrient and metabolites regulate plant growth and development and act as potent signals to control gene
expression in Arabidopsis. Using an integrative bioinformatics approach we identified TGA1 and TGA4 as putative regulatory
factors that mediate N responses in Arabidopsis thaliana roots. We showed that both TGA1 and TGA4 mRNAs accumulate
strongly and quickly after nitrate and nitrite treatments in root organs. Phenotypic analysis of tga1 and tga4 double mutant plants
indicated that TGA1 and TGA4 are necessary for both primary and lateral root growth in a nitrate dependent manner. Global
gene expression analyses revealed that 97% of the genes with altered expression in the tga1/tga4 double mutants are regulated
by nitrate treatments indicating these transcription factors have a specific role in nitrate responses in Arabidopsis roots. Among
the nitrate-responsive genes that depend on TGA1/TGA4 for normal regulation of gene expression, we found the nitrate
transporters NRT2.1, NRT2.2 and the nitrite reductase (NIR) genes. Specific binding of TGA1 to its cognate DNA sequence on
the target gene promoters was confirmed by chromatin immunoprecipitation assays. These results identify TGA1 and TGA4 as
important regulatory factors of the nitrate response in Arabidopsis roots.
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EVIDENCE FOR THE PRESENCE OF AN ADENYLYL CYCLASE DOMAIN IN AN ARABIDOPSIS THALIANA
POTASSIUM TRANSPORTER (ATKUP5)

Inas Al-younis* (King Abdullah University of Science and Technology, Saudi Arabia), Lara Donaldson (King Abdullah University
of Science and Technology, Saudi Arabia), Fouad Lemtiri-Chlieh (King Abdullah University of Science and Technology, Saudi
Arabia), Chris Gehring (King Abdullah University of Science and Technology, Saudi Arabia)
inas.alyounis@kaust.edu.sa
The cyclic nucleotide adenosine 3’,5’-cyclic monophosphate (cAMP) is a key universal second messenger. In plants, the
presence of cAMP and its biological roles are still a matter of debate mainly due to the fact that little is known about the identity
and nature of the enzyme(s) responsible for cAMP production, adenylyl cyclases (ACs). So far, the only annotated and
experimentally confirmed AC in plants is a Zea mays protein required for polarized pollen tube growth. Here we report a
computational AC search based on a modified strategy that successfully led to the discovery of a number of guanylate cyclases
+
in plants and identify novel candidate ACs in Arabidopsis. One of them is annotated as Arabidopsis thaliana K Uptake 5
+
(AtKUP5) and belongs to the KT/HAK/KUP family of proteins identified by sequence homology with K uptake permeases from
+
bacteria and high-affinity K transporters from fungi. AtKUP5 is 855 amino acids (aa) and contains the AC catalytic center (RTSPAVDSFDVDALEIPGTQKNE-). It is annotated as a vacuolar transporter and composed of 12 transmembrane domains
with both C- and N- termini localized in the cytosol. The AC catalytic center is located on the N terminal between 74 and 96 aa.
We have investigated the AC activity of AtKUP5 by incubating the purified recombinant AC domain with the substrate ATP and
measured the cAMP produced using both enzyme immunoassay and mass spectrometry. Electrophysiological characterization
of AtKUP5 promises to further our understanding of the role of cAMP in the regulation of ion transport in plants. It is intriguing to
+
speculate that AtKUP5 could both transport K and synthesize cAMP, particularly so, given the importance of cAMP in the
+
gating and/or regulation of ion channels in plant cells. The combination of an AC with a K -transporter has not been
demonstrated in plants yet, but a such domain combination has been shown in Paramecium tetraaurelia and Plasmodium
falciparum.
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NATURAL ALLELIC VARIATION OF CIRCADIAN PERIOD DEFINES THAT A REDUCTION IN CYTOSOLIC
DISTRIBUTION OF ARABIDOPSIS THALIANA ELF3 IS ASSOCIATED TO REPRESSIVE ACTION

Muhammad Usman Anwer* (Max Planck Institute for Plant Breeding Research, Germany), Eleni Boikoglou (Max Planck Institute
for Plant Breeding Research, Germany), Marc Hallstein (Max Planck Institute for Plant Breeding Research, Germany), Seth Jon
Davis (Max Planck Institute for Plant Breeding Research, Germany)
anwer@mpipz.mpg.de
Adaptation of Arabidopsis thaliana (Arabidopsis) accessions to varying environmental conditions of light and temperature at
different geographical areas has provided a force for the selection of allelic variants within the circadian clock. Here we sought
to define a component of such allelic variation in the speed of the clock. For that we systematically modified Bayreuth by
Shakdara (Sha) recombinant inbred population, by introducing the CCR2::LUC circadian reporter, and measure clock speed in
the resultant population. In such experiments, a major-effect periodicity QTL was detected, where the presence of Sha allele at
the locus caused a short-period phenotype. Positional isolation of this QTL revealed that ELF3 was the underlying gene. ELF3
has been reported to be a nuclear-localized protein required for both the generation of circadian rhythms and light input to the

Page 70

Posters: Responses to the Abiotic Environment

ICAR 2012 Vienna, Austria

circadian clock. We found that the casual polymorphism in the ELF3-Sha allele was a replacement in highly conserved amino
acid that caused the short-period phenotype. Interestingly, this phenotype was light dependant. In constant darkness, the effect
was a reduction in function with a movement towards arrhythmic clock function. The cellular basis of the ELF3-Sha protein
defect correlated with an increase in cytosolic distribution. Taken together, our data suggests that the light and circadian action
of ELF3 in the clock is dependent on nuclear recruitment to initiate repressive action in the clock network.

147

DECIPHERING THE MECHANISM OF ANTIBIOTIC RESISTANCE ASSOCIATED WITH A PLANT ABC
TRANSPORTER

Mentewab Ayalew* (Spelman College, USA), Raven Hardy (Spelman College, USA), Brittani Carlington (Spelman College,
USA), Keithara Davis (Spelman College, USA), India Nichols, (Clark Atlanta University, USA), Megan Jacobsen (ChemRisk,
LLC, USA)
mayalew@spelman.edu
ATP binding cassette (ABC) transporters are found in most organisms and typically function in the transport of substrates across
membranes. Atwbc19 is an Arabidopsis ABC transporter protein that confers antibiotic resistance. Overexpression of Atwbc19
results in increased kanamycin resistance in plants, but the mechanism has not been established. Atwbc19 has an N-terminal
nucleotide binding domain and a transmembrane domain with six alpha helices and thus was assumed to function as a
transporter. Four internal GFP fusion constructs were generated and introduced in Arabidopsis to examine the localization of
Atwbc19. Atwbc19 could not be localized to a membrane compartment; instead, GFP fluorescence was observed in the nucleus
and cytoplasm, suggesting cleavage of the N-terminal soluble portion of the protein and subsequent nuclear localization. To
generate an alternative hypothesis, we initiated the analysis of several highly conserved regions found in the protein sequence
of Atwbc19. A yeast two-hybrid screen was carried out using either the N-terminal region or the linker region as baits to identify
proteins interacting with Atwbc19. Two proteins identified in the yeast two-hybrid screen are a Eukaryotic Initiation Factor 3
subunit and Casein Kinase 2. Our results suggest that Atwbc19 may not function as a transporter but as a translation regulator.

148

A NETWORK CONDUCTS A NETWORK: TRANSCRIPTIONAL CONTROL OF CHLOROPLAST PEROXIDASE
ACTIVITY

Margarete Baier* (FU-Berlin, Germany), Jote Tafese Bulcha (FU-Berlin, Germany), Radoslaw Rudnik (FU-Berlin, Germany)
margarete.baier@fu-berlin.de
Networks are the most stable structures to buffer processes over wide effector amplitudes or against diverse input parameters.
The chloroplast antioxidant system is one of the most versatile buffering networks of plant cells. It protects plants from the
developmentally and environmentally affected photoxidative power of photosynthesis. Stromal and thylakoid-bound ascorbate
peroxidase (sAPx, tAPX) and 2-Cys peroxiredoxin A and B (2CPA, 2CPB) are key enzymes of the antioxidant defence system.
Due to their different biochemistry, these peroxidases alternatively strain the ascorbate or thiol systems. For optimal antioxidant
protection, the relative abundance of these network components needs to be adjusted in a situation specific manner. Nuclear
expression of chloroplast peroxidases is first of all transcriptionally controlled. Based on the previous observation that regulation
of various components is linked (Heiber et al., 2007), the transcription factor Rap2.4a was identified as the first common
regulator (Shaikhali et al. 2008). The DNA-binding site of Rap2.4a is identical or very similar to the DNA-binding motifs of 7
other Rap2.4 transcription factors. Yeast-1-hybrid studies with 2-Cys peroxiredoxin and ascorbate peroxidase promoter
fragments and a genome wide motif screen demonstrated that Rap2.4 transcription factors have overlapping binding affinities,
but differ in their gene activation potential. It will be shown that that Rap2.4 transcription factors drive an intrinsically controlled
network which conducts nuclear transcription of chloroplast peroxidases. A special focus will be given to Rap2.4a and Rap2.4h,
which differentially regulate 2-Cys peroxiredoxin and ascorbate peroxidase expression and are differentially regulated in 2-Cys
peroxiredoxin and ascorbate peroxidase knock-out lines. We propose that the especially the relative availability of these two
transcription factors controls the composition of the chloroplast peroxidase system.
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SPA PROTEINS DO NOT ALTER COP1 SUBCELLULAR LOCALIZATION, BUT REPRESENT TARGETS FOR
DESTABILIZATION WITHIN THE COP1/SPA COMPLEX

Martin Balcerowicz* (Botanical Institute, University of Cologne, Germany), Kirsten Fittinghoff (Botanical Institute, University of
Cologne, Germany), Alexander Maier (Botanical Institute, University of Cologne, Germany), Ute Hoecker (Botanical Institute,
University of Cologne, Germany)
m.balcerowicz@uni-koeln.de
The COP1 protein acts as part of an E3 ubiquitin ligase that represses photomorphogenesis by targeting activators of the light
response for degradation. In the light, photoreceptors suppress this process by negatively regulating COP1 function, and this
may involve exclusion of COP1 from the nucleus as well as direct inactivation. The SPA proteins (SPA1-SPA4) form tetrameric
complexes with COP1 and are important for COP1 function, but their exact role within these complexes is yet unknown.
Possible functions include regulation of COP1 subcellular localization, recruitment of its substrates, and stabilization of the
respective complexes. Here, we show that COP1 subcellular localization is not altered in spa quadruple mutants and thus, that
the SPA proteins are not required for the light-dependent nucleocytoplasmic shuttling of COP1. However, although COP1
protein levels are not affected by light, we were able to demonstrate that light exposure leads to rapid proteasomal degradation
of SPA2 and, more weakly, of SPA1. These findings suggest that the SPA proteins represent targets for light-dependent
destabilization of the COP1/SPA complex, an effect that may at least in part account for its reduced activity in the light.
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ADAPTIVE GROWTH AND METABOLOMIC RESPONSES TO PHOSPHITE TREATMENTS IN ARABIDOPSIS
THALIANA

Oliver Berkowitz* (Murdoch University and The University of Western Australia, Australia), Ricarda Jost (The University of
Western Australia, Australia), Ricarda Fenske (The University of Western Australia, Australia), Philip A. O’Brien (Murdoch
University, Australia), Giles St.E.J. Hardy (Murdoch University, Australia)
o.berkowitz@murdoch.edu.au
-

-

Phosphite (H2PO3 , Phi) is an analog of phosphate (H3PO4 , Pi) which is not metabolized by plants and therefore accumulates in
the tissue. Because of their close steric resemblance Phi is able to mimic Pi, thus impeding Pi sensing and signaling
mechanisms. In Pi limited plants Phi inhibits phosphate starvation responses, i.e. adaptations aimed at coping with limited Pi
supply and increasing Pi uptake capacity. Thus, Phi has constrictive effects on plant growth under low P supply. Phi is also
commercially marketed as a biostat against oomycete pathogens (e.g. Phytophthora spp.) for agricultural application and even
used on an ecosystems scale. Phi directly inhibits pathogen growth through interference with phosphate-dependent metabolism
and/or phosphate signaling which is paralleled in plants grown on high phosphite concentrations. In addition, Phi activates plant
defense responses, e.g. by SA-dependent induction of defense gene expression or increased callose deposition, by a yet
unknown mode of action. We have started to characterize the impact of prolonged phosphite treatment by analyses of growth
responses, root development, gene expression and metabolic adjustments. We show that at low levels Phi has indirect impact
on plant growth by inhibiting phosphate uptake whereas at elevated tissue contents Phi directly impairs growth. Phi is not able
to suppress the induction of lateral roots under P limiting conditions and the up-regulation of a set of phosphate starvation
induced genes. Furthermore, phosphite induces specific changes in the abundance of several metabolites, especially amino
acids, which may have relevance for the understanding of phosphite induced resistance.
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PHYTOCHROME A SIGNALING: THE ROLE OF VERY LOW FLUENCE RESPONSES

Cordelia Bolle* (Biozentrum der LMU, Germany), Julia Kneißl (Biozentrum der LMU, Germany), Nicola Flosdorff (Biozentrum
der LMU, Germany)
c.bolle@bio.lmu.de
Light serves as an important cue for plants to evaluate their living conditions and monitor their environment to ultimately trigger
adaptive growth responses. During evolution different classes of photoreceptors such as phytochromes have been developed in
higher plants. In Arabidopsis thaliana five phytochromes can be differentiated according to their stability in white light, with the
phytochrome B-E being light stable. PhyA, the light instable form, is special because it mediates responses to different light
conditions, including both very low fluences (VLFR) and high irradiances (HIR). In contrast with the FR-HIR signalling pathway,
in which several intermediates have been identified, specific components of the VLFR pathway remain unknown. Here, we
describe owl1, a mutant that is specific for the VLFR, suggesting that VLFR and HIR pathways are genetically distinct, although
some common mechanisms can be observed. OWL1 codes for a ubiquitous J-domain protein essential for germination,
cotyledon opening, hypocotyl elongation, and deviation of the direction of hypocotyl growth from the vertical under very low light
conditions. Additionally, we observed a flowering phenotype suggesting a role for the VLFR during the whole life cycle of a plant.
OWL1 interacts with the basic helix-loop-helix HFR1 (LONG HYPOCOTYL IN FAR-RED) transcription factor, previously
characterized as a component of the FR-HIR pathway. We propose a central function of OWL1 in the VLFR pathway, which is
essential for plant survival under unfavourable light conditions.
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REGULATION OF ER STRESS-INDUCED PROGRAMMED CELL DEATH BY PROTEASES IN ARABIDOPSIS.

Yao-min Cai* (University of Manchester, UK), Yuan Ge (University of Manchester, UK), Patrick Gallois (University of
Manchester, UK)
Yaomin.Cai@postgrad.manchester.ac.uk
Endoplasmic reticulum (ER) stress-induced programmed cell death (PCD) is an important PCD pathway in plants. Recently,
more and more reports correlate ER stress-induced PCD with plants response to biotic and abiotic stress. For example, ER
stress was shown to mediate drought induced PCD in Arabidopsis roots. In addition, ER stress-induced PCD facilitated
mutualistic fungus Piriformospora Indica colonization on Arabidopsis root. However, detailed molecular mechanism which
mediates ER stress-induced PCD is still largely unknown in plants. Plants proteases were shown to participate in plants PCD,
and recent progress in plants PCD indicated that cysteine proteases may regulate plant PCD. Here, we investigated roles of
cathepsin B and proteasome in ER stress-induced PCD. By analyzing PCD phenotypes using cathepsin B knockout lines and
proteasome specific inhibitors, we found cathepsin B positively regulate ER stress-induced PCD, while proteasome negatively
regulate ER stress-induced PCD. Further investigation indicated that blocking cathepsin B switch ER stress-induced PCD from
vacuolar cell death to necrotic cell death. Our study on ER stress-induced PCD suggested that cathepsin B and proteasome
had antagonistic roles in ER stress-induced PCD, and cells were able to elicit different PCD pathway during prolonged ER
stress.
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SUMO PROTEASES MODULATE DEVELOPMENT AND DROUGHT/ABA SIGNALING IN ARABIDOPSIS THALIANA

Pedro Humberto Castro* (University of Minho, Portugal; University of Malaga, Spain), Daniel Couto (The Sainsbury Laboratory,
United Kingdom), Rui Tavares (University of Minho, Portugal), Eduardo Rodríguez Bejarano (University of Malaga, Spain),
Herlânder Azevedo (University of Minho, Portugal)
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pedro1berto@bio.uminho.pt
Plant biologists are struggling to develop strategies that improve crop yield, namely those concerning water availability, one of
the most growth-limiting aspects of plant physiology. Numerous studies have pointed out that, for a fast and reversible response
to stress conditions, organisms use post-translational modifications (PTM) to modulate the activity of key proteins. An
increasingly relevant example involves protein modification by small peptides such as ubiquitin and other ubiquitin-like modifiers
(UBLs). With some exceptions, these peptides are first processed, and then conjugated to a target protein via E1 activation, E2
conjugation and E3 ligation. The attached peptide can be removed by action of proteases. Focus on Small Ubiquitin-related
Modifier (SUMO), a UBL family member, has increased massively during the last years. SUMO attachment, or SUMOylation,
may exert different effects depending on the target protein, controlling its conformation, or even creating or blocking interacting
interfaces. Besides being essential for plant development, SUMO is intimately associated to a myriad of environmental stress
responses. In the present study we show that in Arabidopsis, a pair of SUMO proteases functioned redundantly to regulate
several developmental traits. Using GUS report assays we also established their spatial expression pattern. A microarray
analysis of differentially expressed genes in a double T-DNA insertion mutant was carried out, suggesting a deregulation of
drought and ABA-related genes. Taking this into consideration, a characterization of related phenotypes was performed in the
double mutant. Results suggested the presence of drought and ABA-related differences between genotypes.
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TISSUE-SPECIFIC RESPONSES TO PHOSPHATE DEPRIVATION IN ARABIDOPSIS THALIANA ROOTS

Heidi Cederholm* (Duke University, USA), Philip Benfey (Duke University, USA)
heidi.cederholm@duke.edu
Root development depends on integration of environmental inputs with developmental programs such that availability of
nutrients within the soil space can lead to modulation of root morphology. For example, when deprived of inorganic phosphate
(Pi), an essential yet immobile nutrient, plants increase emergence of lateral roots and reduce primary root elongation. To
understand molecular regulation of these changes to root morphology, we performed a reverse genetics screen in the model
system Arabidopsis thaliana. First, we identified genes modulated by exposure to low Pi conditions with respect to time (0, 1, 3,
6, 12, 24 and 48 hours), developmental stage (3 hours x 4 developmental zones) and tissue type (3 hours x 6 tissue types).
This analysis revealed many Pi-responsive genes specifically modulated in a spatial or temporal manner, with one tissuespecific gene cluster showing significant enrichment for cellular signaling gene ontology terms. We then screened candidate
insertional mutants for altered sensitivity to low Pi conditions. Preliminary results suggest that mutation in PHOSPHATE
RESPONSIVE KINASE1 (PRK1) results in plants that exhibit changes to root morphology consistent with hypersensitivity to Pideprivation. Specifically, we observed a decrease in primary root length and meristem size in prk1 roots. By intersecting
developmental and tissue-specific expression datasets, we found that PRK1 is likely induced after three hours of Pi-deprivation
in elongating cells of the root vasculature. Current work is underway to visualize PRK1 localization and to complement the
observed root phenotypes using a GFP-fused transgene. These data suggest that PRK1, an early responder to P i-deprivation,
may act specifically within the elongating vasculature to modulate root growth in response to Pi-deprivation.
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YUCCA6, AN AUXIN BIOSYNTHETIC ENZYME, MEDIATES TOLERANCE TO OXIDATIVE STRESS THROUGH ROS
HOMEOSTASIS

Joon-Yung Cha* (Gyeongsang National University, Republic of Korea), Hee Jin Park (Gyeongsang National University,
Republic of Korea), Sang Yeol Lee (Gyeongsang National University, Republic of Korea), Woe Yeon Kim (Gyeongsang National
University, Republic of Korea), Dae-Jin Yun (Gyeongsang National University, Republic of Korea)
joonyung@hotmail.com
Auxin (IAA) is implicated in almost every aspect of plant growth and development. IAA is synthesized from tryptophan (Trp) in
Trp-dependent pathway by several routes that are the tryptamine, indole-3-pyruvic acid (IPA), and indole-3-acetaldoxime
pathway. Previously, YUCCA, a family of flavin monooxygenase (FMO), was known to play as an enzyme that catalyze the Nhydroxylation of tryptamine, but, more recently, was revealed that involved in the IPA pathway in IAA biosynthesis. However,
YUCCA overexpressing plants displays phenotypes strongly indicative of IAA overproduction. Interestingly, we found that
yucca6-1D, a dominant mutant, restrained ROS accumulation and was tolerant to methyl-viologen (MV) with less accumulation
of ROS compared to wild type. Therefore, we studied the functional roles of YUCCA6 using mutagenesis analysis on integration
between auxin biosynthesis/signaling and redox homeostasis. By the sequence analysis, YUCCA6 has a conserved thioredoxin
reductase (TR) domain which is overlapped with FMO domain containing FAD and NADP binding sites. Thioredoxin systems
have been well known as the key regulators for cell redox homeostasis, and it was recently also revealed that disruption of
thioredoxin/glutathione systems inhibits the IAA transport. Mutation of FAD or NADP binding site on YUCCA6 were reduced
both function of IAA biosynthesis and ROS tolerance, whereas mutation of conserved unique cysteine (C85S) among all
Arabidopsis YUCCA proteins was only reduced the ROS tolerance without inhibition of IAA biosynthesis. In addition, the
transcription of NTRA (NADPH-dependent thioredoxin reductase A) was highly (slightly in GSH) induced in YUCCA6-OX plants
compared to YUCCA6-C85S. IAA transport gene, PIN1, PIN2, PIN3 and PIN4, was also induced in only YUCCA6-OX.
Therefore, we concluded that YUCCA6 may play as an unknown molecular component to interplay between IAA
biosynthesis/signaling and redox system.
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THERMOTOLERANCE DIVERSITY REVEALED BY FUNCTIONAL GENOMIC STUDIES ON HEAT STRESS GENES

Yee-yung Charng* (Academia Sinica, Taiwan), Hsiang-chin Liu (National Taiwan University, Taiwan), Catherine Hu (Academia
Sinica, Taiwan), Siou-ying Lin (National Taiwan University, Taiwan), Yu-ting Juan (Academia Sinica, Taiwan), Ting-ying Wu
(National Taiwan University, Taiwan), Wei-di Wang (Academia Sinica, Taiwan)
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yycharng@gate.sinica.edu.tw
Plants are sessile organisms that often experience various degrees of heat stress (HS) during their lifetime. It is not clear how
plants cope with different HS conditions, such as short-term exposure to extreme heat or prolonged exposure to moderately
high temperatures. Functional genomic studies with Arabidopsis provide a good opportunity to address this question. In our lab
four major HS regimes were constantly employed to elucidate the role of HS genes in four types of thermotolerance: basal
thermotolerance (BT), short-term acquired thermotolerance (SAT), long-term acquired thermotolerance (LAT), and
o
thermotolerance to moderately high temperatures (TMHT) at 35 C. We showed that these HS regimes pose different
physiological constrains that could lead to retarded growth or cell death if the functions of certain HS genes were missing. For
example, a mitochondrial co-chaperone of the DnaK/HSP70 machine, MGE2, is required for TMHT but not for BT, SAT or LAT.
By contrast, HSP101, which promotes renaturation of protein aggregates, is required for BT, SAT, and LAT, but not TMHT.
HSA32 is involved in BT and LAT but not SAT and TMHT. Despite that the protective HS genes are regulated by transcription
activators, HSFA1a/b/d, their specific roles in different types of thermotolerance are further enabled by translational or
o
posttranslational modulation. Interestingly, HSFA1a/b/d are required for thermotolerance at temperatures as low as 28 C, a
stressful range to Arabidopsis where it is not protected by the HS genes involved in the above mentioned thermotolerances.
This indicates that new thermotolerance types remain to be defined by identifying responsible genetic components. We hereby
contend that thermotolerance diversity is an important and fundamental parameter in portraying the functions of HS genes in
plants, and more effort in this direction is needed.
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FUNCTIONAL DIVERGENCE OF SPA1 AND SPA2 IN ARABIDOPSIS LIGHT SIGNALLING

Song Chen* (University of Cologne, Germany), Ute Hoecker (University of Cologne, Germany)
schen@smail.uni-koeln.de
The COP1/SPA E3 ubiquitin ligase is a key repressor of photomorphogenesis in the dark. The four SPA family members, SPA14, have been shown to have partially overlapping but distinct functions in response to light. SPA1 is a key player of repressing
photomorphogenesis in the light and darkness, while SPA2 only functions in the dark. The SPA2 protein, on one hand, is not as
stable as SPA1 in the light. On the other hand, the COP1/SPA2 complex also loses its biological function in the light via
unknown mechanisms. This functional divergence of SPA1 and SPA2 has been shown to depend on the differences between
their protein sequences. By studying transgenic Arabidopsis lines expressing chimeric SPA1/SPA2 constructs, we propose that
the kinase-like domain, rather than the coiled-coil and the WD-repeat domain, is responsible for the diverged function of SPA1
and SPA2 in the light. The abundance of chimeric protein in kinase-like domain swap lines showed similarity to the lines
expressing SPA1 in the light suggesting that the kinase-like domain from SPA1 confers a SPA1-like characteristic to the
chimeric protein. We also revealed that COP1 itself is required for the degradation of SPA2 protein in the light suggesting the
possibility that autoubiquitination plays a role in light-dependent down-regulating of SPA2 abundance. Moreover, the differences
of light-dependent inactivation between SPA1 and SPA2 proteins are being investigated. The function of different domains of
SPA1 and SPA2 in response to light will also be examined. Taken together, this project will allow us to understand the
molecular basis of degradation and inactivation of SPA2 in the light, as well as the functional divergence of SPA1 and SPA2.
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CHARACTERIZATION OF THE SECOND SUBSTRATE BINDING SITE ON PHYTOCHELATIN SYNTHASE

Ju-Chen Chia* (National Taiwan University, Taiwan), Rong-Huay Juang (National Taiwan University, Taiwan)
d96b47202@ntu.edu.tw
Phytochelatins (PC) are high-affinity metal chelators synthesized by phytochelatin synthase (PCS) for the sequestration of
heavy metals in plants. It is known that PCS takes two glutathione (γECG, GSH) molecules as the substrates to produce its
shortest PC (γEC-γECG, PC2) via ping-pong mechanism; however, little information was known how PCS bind substrates in its
active site. This study explored the mechanism of substrate binding on the active site of PCS, especially the second substrate
binding site. The molecular structure of Arabidopsis AtPCS1 (residues12-218) was predicted by using the co-crystal structure of
the cyanobacterium Nostoc PCS (NsPCS) with its γGlu-Cys acyl–enzyme intermediate as a template, revealing that there is a
cavity composed of three loops near the first substrate binding site. Of note, the positive interpolated charge of the cavity was
contributed by two conserved residues, Arg152 and Lys185, which could provide proper steric arrangement and electronic
charge for determining the right conformation of the cavity. Substitutions of these amino acids (R152K, K185R or double
mutation) caused total suppression of the catalytic activity. In addition, it was reported that Gln50, Phe184 and Tyr186 might
also participate in forming a specific architecture of the cavity. Indeed, Ala substitutions of these residues on PCS resulted in
reduction of the synthesis of PC. Taken together, we speculated that this cavity may bind with the second substrate, and the
positive interpolated charges could recognize the carboxyl group of GSH and assist it to enter this site in a correct orientation.
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PHO2-DEPENDENT DEGRADATION OF PHO1 MODULATES PHOSPHATE HOMEOSTASIS IN ARABIDOPSIS

Tzyy-Jen Chiou* (Academia Sinica, Taiwan), Tzu-Yin Liu (Academia Sinica, Taiwan), Teng-Kuei Huang (Academia Sinica,
Taiwan), Ching-Ying Tseng (Academia Sinica, Taiwan), Ya-Shiuan Lai (Academia Sinica, Taiwan), Shu-I Lin (Academia Sinica,
Taiwan), Wei-Yi Lin (Academia Sinica, Taiwan), June-Wei Chen (Academia Sinica, Taiwan)
tjchiou@gate.sinica.edu.tw
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The Arabidopsis pho2 mutant defective in a ubiquitin-conjugating E2 enzyme displays Pi toxicity as a result of enhanced uptake
and root-to-shoot translocation of Pi. To elucidate downstream components of the PHO2-dependent regulatory pathway, we
identified two pho2 suppressors as carrying missense mutations in the PHO1 gene implicated in Pi loading to the xylem. In
support of the genetic interaction between PHO1 and PHO2, we found that the protein level of PHO1 is increased in pho2,
whereas such accumulation is ameliorated in both pho2 suppressors. Results from the cycloheximide and the endosomal
cysteine protease inhibitor E-64d treatments further suggest that PHO1 degradation is PHO2-dependent and involves
multivesicular body (MVB)-mediated vacuolar proteolysis. Using the transient expression system of tobacco leaves, we
demonstrated that PHO1 and PHO2 are partially co-localized and physically interact in the endomembranes, where the ubiquitin
conjugase activity of PHO2 is required for PHO1 degradation. In addition, reduced PHO1 expression caused by PHO1
mutations impede Pi uptake, indicating a functional association between xylem loading and acquisition of Pi. Together, our
findings uncover a pivotal molecular mechanism by which PHO2 modulates the degradation of PHO1 in the endomembranes to
maintain Pi homeostasis in plants.
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INVESTIGATION OF THE ESSENTIAL ROLE OF PRL1 UNDER SUBMERGENCE

Hsing Yi Cho* (Molecular and Biological Agricultural Sciences Program, Taiwan International Graduate Program, National
Chung-Hsing University – Academia Sinica, Taiwan; Agricultural Biotechnology Research Center, Academia Sinica, Taiwan;
Graduate Institute of Biotechnology, National Chung-Hsing University, Taiwan), Ming Che Shih (Molecular and Biological
Agricultural Sciences Program, Taiwan International Graduate Program, National Chung-Hsing University – Academia Sinica,
Taiwan; Agricultural Biotechnology Research Center, Academia Sinica, Taiwan)
hycho@gate.sinica.edu.tw
Pleiotropic Regulatory Locus 1 (PRL1) is a negative regulator of SnRK1 (SNF1-related kinase 1), which has been proposed as
a central hub in energy starvation and stress signaling pathways. The prl1 mutant is sensitive to ethylene that is an important
signal hormone under submergence. Under submergence, we have observed higher phosphorylation of SnRK1 and ADH
activity in the prl1 than in wild type. However, between prl1 and wild type, the expression of ADH and HRE1 was not different
under submergence. These suggested that PRL1 is involved in posttranslational regulation of ADH and SnRK1 under
submergence. However, it is not clear whether PRL1 is involved in ethylene signaling pathways. In addition, PRL1 would affect
ROS homeostasis under submergence. Lower ROS content was shown in the prl1 than wild type within 6 hours of
submergence. To elucidate how PRL1 affects the ROS homeostasis and whether PRL1 is involved in ethylene signaling
pathways under submergence, we will use microarray to build up the PRL1 related signal network.
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CONSERVATION OF ARABIDOPSIS GUARD CELL REGULATORY NETWORKS IN RICE

Lucio Conti* (University of Milan, Italy), Fabio Rusconi (University of Milan, Italy), Fabio Simeoni (University of Milan, Italy),
Eleonora Cominelli (University of Milan, Italy), Laura Simoni (University of Milan, Italy), Chiara Tonelli (University of Milan, Italy),
Massimo Galbiati (University of Milan, Italy)
lucio.conti@unimi.it
Land plants lose over 95% of their water via transpiration through stomatal pores, distributed on the surface of leaves and
stems. Opening and closing of the pore is mediated by turgor-driven volume changes in two surrounding guard cells. These
highly specialized cells integrate internal signals and environmental stimuli to modulate stomatal aperture, ensuring the influx of
CO2 for photosynthesis and limiting water loss by transpiration. Modulation of stomatal activity, in mutant or transgenic plants, is
an attractive approach to reduce the water requirements of crops and to enhance productivity under stress conditions. Genetic
manipulation of stomatal responses requires the use of guard cell-specific promoters, or the identification of guard cell-specific
mutants, to avoid undesirable side effects on plant growth and productivity. In previous studies we demonstrated that the
AtMYB60 transcription factor regulates stomatal activity and water loss in the model species Arabidopsis thaliana. The detailed
analysis of the AtMYB60 promoter, using serial deletions, revealed that its activity is restricted to guard cells, and identified a
262 bp genomic region upstream of the AtMYB60 start codon as the minimal promoter sufficient and required to drive
expression in guard cells. In the frame of the project BIOGESTECA funded by Regione Lombardia, we report the activity of both
the full length and minimal promoters of AtMYB60 in different crop species, including rice (cv. Nipponbare), tobacco (Nicotiana
tabacum) and tomato (cv Moneymaker and Microtom). The potential of the regulatory region of AtMYB60 for engineering of
stomatal responses in crops to enhance water use efficiency and drought tolerance will be discussed.
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PARAQUAT AND THE POWER OF THE DARK SIDE

Fuqiang Cui* (Plant Biology, University of Helsinki, Finland), Mikael Brosché (Plant Biology, University of Helsinki, Finland), XinQiang He (College of Life Sciences, Peking University, Beijing, China), Julia Vainonen (Plant Biology, University of Helsinki,
Finland), Saijun Tang (Biological Sciences, China Agricultural University, Beijing, China), Jaakko Kangasjärvi (Plant Biology,
University of Helsinki, Finland), Kirk Overmyer (Plant Biology, University of Helsinki, Finland)
fuqiang.cui@helsinki.fi
In plants it is widely accepted that the toxicity of paraquat (methyl viologen; MV) requires light and occurs via chloroplast ROS
generation. However, MV is also toxic in non-photosynthetic organisms, via mitochondrial ROS production. To address
alternative mechanisms in plants, MV responses were assayed in the dark. MV significantly restricted seedling growth in the
dark in Col-0 and the MV tolerant rcd1 mutant. Increased sugar concentrations, which increase mitochondrial activity, enhanced
MV toxicity in the dark. RNAi knockouts of the mitochondrial specific MnSOD were more sensitive to MV under dark condition
suggesting that MV induces ROS production in plant mitochondria. To further define MV response mechanisms in the dark and
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light, several genetic screens were performed. First, 93 Arabidopsis ecotypes were tested, demonstrating a high level of natural
variation in Arabidopsis MV response. Trends in MV sensitivity were the same in the light and dark although a few ecotypes
behaved differently. Recombinant inbred lines of Kondara x Ler were used for QTL mapping; this indicated that loci regulating
ROS response in the dark and the light were distinct. Additionally, a reverse genetic screen of 53 single mutants and 36 rcd1
double mutants were tested demonstrating roles for stress hormones and ROS related genes. In addition, exogenous SA,
MeJA, ABA and ACC increased plant MV resistance. Reverse genetic screens also demonstrated a partially distinct profile of
loci controlling MV responses between light and dark conditions. The role of ascorbate peroxidases (APXs) was tested. Only the
cytosolic apx1 mutant exhibited enhanced sensitivity to MV. APX protein levels were unchanged in plants with different MV
tolerance such as Col-0 and rcd1 or between several sensitive and tolerant ecotypes. ET-induced MV tolerance was dependent
on stromal and thylakoidal APX; other hormone-induced MV tolerance (SA, MeJA, ABA) was APX-independent.
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IDENTIFICATION AND VALIDATION OF KEY FACTORS OF STRESS TOLERANCE IN ARABIDOPSIS THALIANA

Agyemang Danquah* (URGV - Plant Genomics Research, France), Anette Maeh (Molekulare Entwicklungsbiologie der
Pflanzen, Germany), Axel de Zelicourt ( URGV - Plant Genomics Research, France), Nicolai Frei de Frey (URGV - Plant
Genomics Research, France), Stephanie Pateyron ( URGV - Plant Genomics Research, France), Jean Colcombet (URGV Plant Genomics Research, France), Jorg Kudla (Molekulare Entwicklungsbiologie der Pflanzen, Germany), Heribert Hirt (URGV
- Plant Genomics Research, France)
Agyemang.Danquah@evry.inra.fr
Abiotic stress is the principal cause of crop failure worldwide. Developing crops plants better able to survive with these stresses
has assumed importance especially in the context of current population growth and global climatic change. Vital to most
signaling and adaptation reactions in response to abiotic stresses are complex protein kinase networks that function early and
translate environmental cues to regulating downstream transcription factors to orchestrate long-term responses by functionally
coordinating the expression of stress-responsive genes. To identify these key factors in stress tolerance, we have performed
bioinformatics analysis on existing transcriptomic data on abiotic stresses and have identified several candidate genes in
Arabidopsis thaliana. Using this strategy, we selected two closely related MAPKKK whose level of expression increased in
response to abiotic stresses and ABA treatment. The double mutant of these MAPKKK did not show any germination phenotype
but exhibited a long-term susceptibility in response to mild mannitol and salt treatment, while the single mutants did not.
Interestingly, using yeast-2-hybrid assay and split-YFP experiments, we could highlight that these 2 MAPKKK interact
specifically with only one of the 10 MAPKK known in the Arabidopsis genome. The knockout mutant of this MAPKK is sensitive
to abiotic stresses and ABA, while the Gain Of Function plants (GOF) are more tolerant to ABA. Here, we show new actors that
could be responsible for plant adaptation to abiotic stresses. The possible significances of these new actors in an abiotic stress
regulatory network as well as functional implications are discussed.
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AN MTF-1 LIKE (MTFL) TRANSCRIPTION FACTOR PLAYS AN IMPORTANT ROLE FOR CADMIUM TOLERANCE
AND ZINC HOMEOSTASIS IN ARABIDOPSIS THALIANA

Deepa* (Pohang University of Science and Technology, Republic of Korea), Sojeong Yim (Pohang University of Science and
Technology, Republic of Korea), Jae-Ung Hwang (Pohang University of Science and Technology, Republic of Korea), Masaru
Ohme-Takagi (National Institute of Advanced Industrial Science and Technology and Saitama University, Japan), Youngsook
Lee (Pohang University of Science and Technology, Republic of Korea)
deepa@postech.ac.kr
Cadmium (Cd) is a heavy metal pollutant widespread in industrial and agricultural areas. It is toxic to plants, animals and
humans. There are multiple Cd detoxification mechanisms used by plants, including extrusion, chelation and sequestration into
the vacuole. In humans, mice and Drosophila, a transcription factor responsible for cadmium tolerance has been identified and
named as Metal responsive Transcription Factor 1 (MTF-1). Plants may also have such transcription factor (TF), which
regulates the multiple tolerance mechanisms to Cd. To identify MTF-1 like TF in plants, ~ 1600 A. thaliana CRES-T (Chimeric
REpressor gene Silencing Technology) mutants have been screened for altered cadmium sensitivity. CRES-T mutants of a TF
displayed more tolerant phenotype in cadmium containing media than the wild type. In addition, the CRES-T mutants were also
tolerant to excess zinc (Zn), excess copper (Cu) and Zn-deficient stresses. Thus we named the TF as metal transcription factorlike (MTFL). The expression of MTFL was induced within 1 hour of cadmium treatment. MTFL fused to GFP was localized in the
nucleus and worked as a transcriptional activator, inducing sensitivity to cadmium. Taken together, our data indicate that
Arabidopsis MTFL is involved in tolerance to Cd and excess Cu, and adaptations to Zn-excess and -deficient conditions. MTFL
may be useful for engineering plants for phytoremediation and phytofortification.

165

UNCOVERING THE IMPORTANCE OF THE CORTEX DURING ROOT RESPONSES TO ABA AND HYDROTROPISM

Daniela Dietrich* (CPIB, University of Nottingham, UK), Rishikesh Bhalerao (Umeå Plant Science Centre, Department of Forest
Genetics and Plant Physiology, Sweden), José R. Dinneny (Carnegie Institution for Science, Department of Plant Biology,
USA), Malcolm Bennett (CPIB, University of Nottingham, UK)
daniela.dietrich@nottingham.ac.uk
Water is becoming an increasingly limited resource and one goal of current and future crop improvements is to increase the
water use efficiency of plants. Abscisic acid (ABA) is the plant hormone that regulates plant water relations and signals drought
response and avoidance mechanisms, e.g. stomata closure. In the root, ABA is involved in the regulation of hydrotropism, which
guides root growth away from areas with low water potential. This process is only now beginning to be understood, partially
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because its effects can be masked by other tropisms, e.g. gravitropism. We have mapped the site of action of ABA in the root
using two complementary approaches, targeted misexpression of abi1-1 to block ABA perception and tissue-specific
complementation of the snrk2.2 snrk2.3 double mutant, and found that the cortex is the most important tissue for ABA
perception in the root. This is also interesting for the understanding of hydrotropism, as it has recently been shown that MIZ1, a
major regulator of hydrotropism, is expressed in the cortex and lateral root cap. As the snrk2.2 snrk2.3 double mutant has an
ahydrotropic phenotype, we tested the hydrotropic response of the tissue-specific complementation lines and showed that
restoring ABA signalling in the cortex alone is sufficient to restore the mutant’s hydrotropic response. Our observations provide
a starting point to better understand hydrotropism and we are currently investigating how this could link to other mechanisms
governing root growth.
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THE CYCLIC AMP AND CYCLIC GMP INTERACTOME OF ARABIDOPSIS THALIANA

Lara Donaldson* (King Abdullah University of Science and Technology, Saudi Arabia), Stuart Meier (King Abdullah University of
Science and Technology, Saudi Arabia), Ludivine Thomas (King Abdullah University of Science and Technology, Saudi Arabia),
Chris Gehring (King Abdullah University of Science and Technology, Saudi Arabia)
lara.donaldson@kaust.edu.sa
Cyclic nucleotides (CNs) are universal second messengers that are thought to play an important role in signaling the plant
response to both abiotic and biotic stresses. The presence of CNs in plants has been unequivocally established for more than a
decade however the role of CN signaling in plants remains poorly understood, largely because we do not know how the CN
signal is decoded within the plant cell. To date we have yet to identify plant equivalents to the primary effectors of CN signaling
in animals; namely protein kinases A and G and phosphodiesterases. Currently the most likely targets of CN signaling in plants
are a family of plant cyclic nucleotide gated channels (CNGCs). In this study we have set out to identify CN binding proteins in
the model plant Arabidopsis thaliana, using affinity-based pull down assays. Through a sequential elution technique, we have
identified a number of leaf and callus proteins that bind with both low and high affinity to synthetic cAMP and/or cGMP analogs
that are linked to either agarose or biotin. Similarly we have immuno-precipitated proteins that interact with anti-cAMP and anticGMP antibodies. Of particular interest were proteins that could be consistently identified in multiple pull down assays since
these proteins are most likely to specifically bind CNs. While no obvious candidates for plant protein kinase A/G or
phosphodiesterases have been identified, several interesting potential protein targets of CN signaling have been proposed.
These proteins have been analyzed for the presence of putative cyclic nucleotide binding sites (CNBS) and evidence for their
function in CN-mediated signaling pathways evaluated. Future in depth functional characterization of these proteins promises to
significantly further our understanding of CN signal transduction in planta.
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ARABIDOPSIS THALIANA ALG10 IS REQUIRED FOR EFFICIENT N-GLYCOSYLATION AND PLAYS AN
IMPORTANT ROLE IN LEAF DEVELOPMENT AND ABIOTIC STRESS RESPONSE

Akhlaq Farid* (BOKU Vienna, Austria), Jennifer Schoberer (BOKU Vienna, Austria), Friedrich Altmann (BOKU Vienna, Austria)
Josef Glössl (BOKU Vienna, Austria), Richard Strasser (BOKU Vienna, Austria)
akhlaq.farid@boku.ac.at
The biosynthetic steps leading to the formation of the dolichol-linked oligosaccharide (Glc3Man9GlcNAc2) are highly conserved
among all eukaryotes. In contrast to yeast and mammals, relatively little information is available about the assembly of the
dolichol-linked oligosaccharide precursor and its transfer to asparagine residues of nascent polypeptides in plants. To determine
the biosynthetic pathway in detail we characterized the Arabidopsis thaliana homologs of yeast ALG glycosyltransferases that
perform specific steps of oligosaccharide synthesis in the endoplasmic reticulum (ER). ALG10 encodes the alpha1,2glucosyltransferase that performs the last step by transferring a single glucose residue to the lipid-linked Glc2Man9GlcNAc2
oligosaccharide. An Arabidopsis ALG10-GFP fusion protein displayed a reticular distribution pattern resembling endoplasmic
reticulum localization when expressed in Nicotiana benthamiana leaf epidermal cells. Immunoblotting and lipid-linked
oligosaccharide analysis showed that Arabidopsis ALG10 can restore the underglycosylation defects in a yeast Δalg10 mutant
strain. A homozygous Arabidopsis T-DNA insertion mutant (alg10-1) shows an incomplete lipid-linked oligosaccharide structure
(Glc2Man9GlcNAc2) resulting in a severe protein underglycosylation defect. Phenotypic analysis of alg10-1 revealed that mutant
plants exhibit different leaf size when grown on soil. Moreover, ALG10 deficiency leads to the activation of the unfolded protein
response (UPR), increased salt sensitivity and suppression of the phenotypes of alpha-glucosidase I mutants. Collectively,
these data demonstrate that Arabidopsis ALG10 is an ER-resident alpha1,2-glucosyltransferase that is required for lipid-linked
oligosaccharide biosynthesis and subsequently for normal leaf growth and abiotic stress response.
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AREB/ABF-SNRK2 PATHWAY PLAYS A KEY ROLE IN RESPONSE TO OSMOTIC STRESS IN PLANTS

Yasunari Fujita* (Japan International Research Center for agricultural Sciences (JIRCAS); University of Tsukuba, Japan),
Takuya Yoshida (The University of Tokyo, Japan), Kazuo Nakashima (JIRCAS, Japan), Nang Myint Phyu Sin Htwe (JIRCAS,
Japan), Sachiko Sekita (The University of Tokyo, Japan), Miki Fujita (RIKEN Plant Science Center, Japan), Daisuke Todaka
(JIRCAS, Japan), Kazuo Shinozaki (RIKEN Plant Science Center, Japan), Kazuko Yamaguchi-Shinozaki (The University of
Tokyo; JIRCAS, Japan)
yasuf@affrc.go.jp
In plants, under osmotic stress conditions such as drought and high salinity, endogenous ABA levels increase, and then the
ABA trigers the expression of many genes that appear to be involved in the stress response. In the presence of ABA,
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PYR/PYL/RCAR family START proteins that function as ABA receptors recognize and bind to group-A protein phosphatases 2C
(PP2Cs). The ABA-triggered inhibition of the PP2C activity enables activation of SNF1-related protein kinases (SnRK2s). The
subclass III SnRK2s (SRK2D/SnRK2.2, SRK2E/SnRK2.6, and SRK2I/SnRK2.3) regulate the downstream transcription factors
such as AREB/ABFs (AREB1/ABF2, AREB2/ABF4, and ABF3) and activate ABA-responsive gene expression or other ABArelated responses. In this study, based on the molecular characterization of both AREB/ABF transcription factors and SnRK2
protein kinases, we will discuss the role and function of the AREB/ABF-SnRK2 pathway in ABA signaling in response to osmotic
stress in Arabidopsis, soybean and rice.
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A NOVEL SORGHUM EXTRACELLULAR LEUCIEN-RICH REPEAT PROTEIN MEDIATES LEAD RESISTANCE IN
ARABIDOPSIS THALIANA

Zhu Fuyuan* (The University of Hong Kong, Hong Kong), Clive Lo (The University of Hong Kong, Hong Kong)
zhufuyuan200@yahoo.cn
A sorghum gene, SbLRR1, which is predicted to encode an extracellular leucien-rich repeat protein, has been demonstrated to
be strongly induced after pathogen infection and defense-related phytohormones. Microarray gene expression analysis were
performed and compared between the SbLRR1-overexpression line and wild-type Arabidopsis lines. Several heavy metalresponsive genes were detected among the SbLRR1-upregulated genes. The potential role of SbLRR1 in tolerance of heavy
metal was examined in transgenic Arabidopsis. Our gene expression analysis showed that SbLRR1 is a Pb(II)-inducible gene in
sorghum. Moreover, Arabidopsis overexpressing SbLRR1 were more resistant to Pb(II) than wild-type plants when grown on
Pb(II)-containing medium. Furthermore, SbLRR1-overexpression lines had lower Pb content in roots and shoots upon Pb(II)
treatment. Usng the SbLRR1-OE lines in combination with atpdr12 , a pump excluding Pb(II) in Arabdopsis , we demonstrated
that the enhanced lead resistance and lower Pb content is dependent on AtPDR12-Pb(II) pump mediated detoxification
mechanism. Our results suggested that SbLRR1 is involved in mediating Pb(II) tolerance in Arabidopsis via extrusion of Pb(II).
As SbLRR1 also has been suggested to be involved in the pathogen response and interacted with target protein that trigger
immune response and pathogen resistance, we proposed that SbLRR1 has multiple roles in plant stress responses.
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UNRAVELLING THE GENE REGULATORY NETWORKS OF NAC TRANSCRIPTION FACTORS CONTROLLING
LEAF SENESCENCE IN ARABIDOPSIS

Prashanth Garapati* (MPI of Molecular Plant Physiology, Germany), Salma Balazadeh (MPI of Molecular Plant Physiology and
University of Potsdam, Germany), Nooshin Omranian (University of Potsdam, Germany), Zoran Nikoloski (MPI of Molecular
Plant Physiology, Germany), Bernd Mueller-Roeber (MPI of Molecular Plant Physiology and University of Potsdam, Germany)
garapati@mpimp-golm.mpg.de
Leaf senescence is a highly regulated process that is integrated into the plant´s physiological program to ensure optimal use of
resources during seed formation. Regulation of senescence involves the control by many transcription factors (TFs), several of
which belong to the NAC family. We and others have previously reported about both, negative and positive NAC regulators of
senescence in Arabidopsis thaliana, including ORE1, ORS1 and JUB1. Global transcriptome profiling previously revealed more
than 20 NAC TFs with enhanced expression during leaf senescence, however, the function of most of them with respect to
senescence control has not been studied in detail yet. We initiated a screen, using 35S overexpressors and T-DNA insertion
lines, to identify additional senescence regulatory NAC TFs. We also established estradiol-inducible overexpressor lines for
several NAC TFs and used them to identify genes rapidly (within 2 - 5 hours) affected by a change of their expression level. A
prominent example will be presented on the poster. Previous work has indicated a role of hydrogen peroxide (H2O2) as a trigger
for senescence; in addition, several NAC TFs are rapidly induced at their transcript level by H2O2. To unravel gene regulatory
networks controlled by H2O2-regulated TFs, we performed a time series global expression profiling after inhibition of catalase by
the pharmacological inhibitor 3-aminotriazol, leading to an intracellular rise of H2O2 level. Computational analysis revealed
previously undisclosed gene regulatory networks affected by H2O2. Knowledge gained from this experiment is used to refine
regulatory networks underlying H2O2-affected senescence. Recent data will be presented and discussed on the poster.
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HOMEOSTATIC RESPONSE TO HYPOXIA IS REGULATED BY THE N-END RULE PATHWAY IN PLANTS

Daniel J. Gibbs* (University of Nottingham, UK), Seung Cho Lee (UC Riverside, USA), Nurulhikma Md Isa (University of
Nottingham, UK), Silvia Gramuglia (University of Nottingham, UK), Takeshi Fukao (UC Riverside, USA), George W. Bassel
(University of Nottingham, UK), Cristina Sousa Correia (University of Nottingham, UK), Françoise Corbineau (CNRS, France),
Frederica L. Theodoulou (Rothamsted Research, UK), Julia Bailey-Serres (UC Riverside, USA), Michael J. Holdsworth
(University of Nottingham, UK)
Daniel.gibbs@nottingham.ac.uk
A decline in O2 availability in plants (hypoxia), which can occur during floods, initiates changes in gene expression to promote
anaerobic metabolism and other survival strategies. The mechanism through which plants sense molecular O2 availability to
trigger these responses has remained elusive. Here we show that low-O2 sensing in plants is mediated by the N-end rule
pathway of targeted proteolysis, which targets protein substrates for degradation based on the nature of their N-terminal amino
acid residue. We show that Arabidopsis plants lacking core N-end rule components constitutively express key hypoxiaassociated genes, in common with wild type plants under hypoxic stress. In accordance with this observation, these plants
have significantly enhanced survivability under low-O2 conditions. Previously it has been shown in animals that proteins initiating
‘Met-Cys-’ can be degraded by the N-end rule. Several related ‘Met-Cys-’ transcription factors in Arabidopsis and rice have
recently been identified as key regulators of the hypoxic response. We show that all members of this family in Arabidopsis are
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N-end rule substrates in vitro, and that the Cys residue at position 2 (C2) specifically mediates their instability. We show that
two of these proteins are substrates in vivo, and that transgenic plants expressing mutant stable versions have an increased
tolerance to low O2. Accumulation of these proteins under hypoxia in planta reveals that their stability is regulated by O2
availability, most likely through oxidation of C2, demonstrating an evolutionary conserved mechanism of oxygen sensing in
plants via the N-end rule. We propose a homeostatic model for the hypoxia response: Under normoxic conditions, the response
is perturbed as a result of the constitutive O2-mediated proteolysis of key positive regulators. When O2 levels decrease, the
hypoxia-response is initiated through the stabilization of these transcription factors with respect to the N-end rule.
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ADAPTIVE MECHANISMS OF NOCCAEA CAERULESCENS ECOTYPES WITH CONTRASTING METAL
HYPERACCUMULATION AND HYPERTOLERANCE TRAITS

Pauliina Halimaa* (University of Eastern Finland, Finland), Viivi H Ahonen (University of Eastern Finland, Finland), Daniel
Blande (University of Eastern Finland, Finland), Stephan Clemens (University of Bayreuth, Germany), Attila Gyenesei
(University of Turku and Åbo Akademi University, Finland), Elina Häikiö (University of Eastern Finland, Finland), Sirpa O
Kärenlampi (University of Eastern Finland, Finland), Asta Laiho (University of Turku and Åbo Akademi University, Finland), Petri
Pehkonen (University of Eastern Finland, Finland), Juha-Pekka Pursiheimo (University of Turku and Åbo Akademi University,
Finland), Henk Schat (Vrije Universiteit Amsterdam, The Netherlands), Holger Schmidt (University of Bayreuth, Germany), Marjo
H Tuomainen (University of Eastern Finland, Finland), Arja I Tervahauta (University of Eastern Finland, Finland)
pauliina.halimaa@uef.fi
The metal hyperaccumulator plant Noccaea (Thlaspi) caerulescens is a widely used model to study the mechanisms by which
plants are adapted to metalliferous soils. It is a close relative of Arabidopsis thaliana with 88.5% sequence identity in coding
region, which has facilitated gene expression studies in N. caerulescens. Different N. caerulescens populations exhibit
considerable variation in their metal accumulation and tolerance capacities, providing an excellent but greatly underutilized
resource for studying the underlying molecular mechanisms. Here we used SOLiD sequencing to characterize root
transcriptomes of three N. caerulescens accessions with contrasting metal tolerance and accumulation patterns. Sequencing
produced nearly 250 million reads from which ca. 70% were mapped to the A. thaliana genome. Approximately 30% of reads
were not mapped and thus comprise a source for identifying novel genes from N. caerulescens. The A. thaliana genome has
33518 genes (TAIR9), and N. caerulescens reads mapped to 32574 of them (97%). The accessions showed significant
differences in the expression of 983 annotated genes, including e.g. metal transporter encoding genes. The data provide a
comprehensive genome-wide view of the range of root processes among three N. caerulescens accessions. The results support
the hypothesis that the evolution of hyperaccumulation traits occurred through changes in the regulation of metal homeostasis
factors.
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APPROACHES TO IMPROVE PLANT ABIOTIC STRESS TOLERANCE

Matthew A. Hannah* (Bayer CropScience, Belgium)
matthew.hannah@bayer.com
The challenge facing agriculture is to secure the supply of food, feed and energy feedstock in light of increasing world
population, competition for arable land, water scarcity and climate change. Improving abiotic stress tolerance will be important to
future gains in crop productivity. Despite the plethora of literature examples showing plants with increased “abiotic stress
tolerance”, the translation of such technologies into crops remains challenging. This presentation will highlight the benefits and
needs of "translational research" to help translate findings between different labs, between model systems and crops and
between greenhouse and the field. It will give an overview on the current technology status and future perspectives in Bayer’s
abiotic stress R&D pipeline relating to enhanced energy use efficiency, including candidate gene approaches and the selection
of epigenetic states related to improved vigor and yield.
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SUGAR IS A ZEITGEBER IN THE ARABIDOPSIS CIRCADIAN CLOCK THAT ACTS DISTINCTLY FROM LIGHT AND
DEFINES A 'METABOLIC DAWN'

Michael J. Haydon* (University of Cambridge, UK), Olga Mielczarek (University of Cambridge, UK), Neil Dalchau (Microsoft
Research, UK), Alex A.R. Webb (University of Cambridge, UK)
mjh230@cam.ac.uk
Circadian clocks are internal molecular oscillators that have evolved in most organisms to optimize growth and metabolism
under daily and seasonal variations in the environment that result from the rotation of the Earth. The timing of the molecular
oscillator is determined through entrainment by external environmental cues, called Zeitgebers, such as light and temperature.
There is increasing evidence for interactions between metabolism and circadian clock function. We have been investigating the
role of sugar as a major metabolite and energy source in circadian clock function in Arabidopsis. We have previously shown that
sugar is able to sustain circadian rhythms in Arabidopsis seedlings in the absence of light. Here, we show that in dark-adapted
Arabidopsis seedlings, sugar can also act as a Zeitgeber to reset the central oscillator but sets the phase ca. 4 h earlier than
light. Input of sugar into the central oscillator is gated, being repressive of CCA1:LUC expression during the nighttime and most
inductive of CCA1:LUC during the subjective morning. Consequently, addition of sugar to seedlings early in the subjective
morning leads to robust rhythms in seedlings grown in the absence of light and poor circadian rhythms when added during the
night. Thus, the influence of sugar on clock function correlates with the endogenous oscillations in soluble sugar concentrations
in plants grown in light/dark cycles. Together, these findings suggest that input of sugar to the circadian oscillator is greatest
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early in the light period, which defines a 'metabolic dawn' and represents of novel aspect of metabolic input to the Arabidopsis
circadian clock.
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FUNCTION OF THE COP1/SPA UBIQUITIN LIGASE IN THE REGULATION OF ANTHOCYANIN ACCUMULATION IN
ARABIDOPSIS

Ute Hoecker* (University of Cologne, Germany), Alexander Maier (University of Cologne, Germany), Andrea Schrader
(University of Cologne, Germany), Leonie Kokkelink (University of Cologne, Germany), Joachim Uhrig (University of Cologne,
Germany)
hoeckeru@uni-koeln.de
Anthocyanins are natural purple pigments that accumulate not only in fruits and flowers to attract animals but also in vegetative
parts of the plant in response to various stresses such as nutrient deprivation, cold, high light and pathogen attack. Anthocyanin
biosynthesis is controlled by a number of transcription factors that act as master regulators to co-ordinate the expression of
structural genes in the anthocyanin biosynthesis pathway. It is a feature of light-grown seedlings and plants and does not occur
in darkness. Repression of anthocyanin accumulation in darkness requires the COP1/SPA ubiquitin ligase since cop1 and spa
mutants exhibit a production of anthocyanin in darkness. Here, we provide evidence for a new molecular mechanism via which
the COP1/SPA ubiquitin ligase controls the biosynthesis of anthocyanins.
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REGULATORY CROSSTALK BETWEEN IRON HOMEOSTASIS AND THE CIRCADIAN CLOCK IN ARABIDOPSIS

Sunghyun Hong* (Dartmouth College, USA), Sun A Kim (Dartmouth College, USA), Hyojung Kim(Dartmouth College, USA),
Mary Lou Guerinot (Dartmouth College, USA), C. Robertson McClung (Dartmouth College, USA)
sunghyun.hong@dartmouth.edu
Iron is an essential element for most organisms. In plants, iron uptake and homeostasis are critical for survival and these
processes are tightly regulated at transcriptional and posttranscriptional levels. We tested the hypothesis that the circadian clock
contributes to the regulation of iron uptake and homeostasis. Because the circadian clock controls many physiological
processes through rhythmic expression of transcripts, we examined expression of three iron-related Arabidopsis genes (IRT1,
bHLH39, and FER1) using promoter-LUC transgenic lines. These three promoters showed circadian oscillation in transcription
under continuous light. In iron-deficient mutants, the circadian period was lengthened and it was found that different iron
concentrations change period length. Therefore, we conclude that the circadian clock regulates iron uptake and homeostasis
and, in turn, the iron status of the plant feeds back to modulate clock function as reflected in the dependence of circadian period
in iron status. To determine which components are involved in this crosstalk, we tested clock- or iron-related mutants and some
mutants showed resistance to change of period length under different iron conditions. Efforts to elucidate the molecular basis
underlying the regulatory crosstalk between iron signaling and the circadian clock are in progress.
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A CONSERVED HISTIDINE RESIDUE IN THE METAL TRANSPORTER NRAMP1 AFFECTS ARABIDOPSIS
THALIANA PERFORMANCE IN SPECIFIC ENVIRONMENTAL CONDITIONS

Anna Ihnatowicz* (Intercollegiate Faculty of Biotechnology UG-MUG, Poland), Joanna Siwinska (Intercollegiate Faculty of
Biotechnology UG-MUG, Poland), Sigi Effgen (Max Planck Institute for Plant Breeding Research, Germany), Maarten Koornneef
(Max Planck Institute for Plant Breeding Research, Germany), Matthieu Reymond (Institut Jean-Pierre Bourgin, INRA Centre de
Recherche de Versailles-Grignon, France)
ihnatowicz@biotech.ug.edu.pl
Plant performance is an integrative trait that involves many elementary processes occurring during the whole life cycle of plants,
which are influenced by various environmental factors. Temperature is one of the most important factors affecting plant
performance and variation in responses to temperature is widely observed in plants. In order to get insight into the genetic
bases of this response we screened 108 Arabidopsis thaliana accessions grown at 28 and 16ºC. Based on the obtained results
selected 15 accessions were further studied. Interestingly, only one accession - Hog, showed induction of severe leaf chlorosis
at low temperature. This chlorotic phenotype could be rescued at higher temperature or by growing plants in more acidic soils
containing less iron. This genetic x environment (GxE) interaction was associated with impaired plant growth and a large
reduction in photosynthetic performance. This led to lethality when Hog seedlings were directly grown at low temperature. In
order to map the genomic region(s) involved in the observed GxE interaction, a backcross population was developed between
Hog accession and Ler as a recurrent non-chlorotic parent. Consequently, a region of 0.06 Mb at the bottom of chromosome 1
was identified to be responsible for the above described traits. Based on predicted functions and ontologies for genes present in
the mapped region, twenty candidates have been selected. Among them, two genes were identified (PDE318 and NRAMP1),
for which T-DNA insertion mutants (Col-0 background) showed chlorosis when grown at low temperature. Results from allelism
tests clearly identified NRAMP1 as the causal gene. Moreover, Hog NRAMP1 sequence showed histidine to tyrosine
substitution only present in Hog plants from our laboratory in Germany, underlying the presence of spontaneous mutation at this
position. Currently, further functional analyses of AtNRAMP1 underlying responses to low temperature are being performed.
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ANALYSIS OF ARABIDOPSIS GENE EXPRESSION IN RESPONSE TO IRON DEFICIENCY: NOVEL INSIGHTS FOR
THE INTEGRATION OF PLANT STRESS RESPONSES

Rumen Ivanov* (Saarland University, Germany), Tzvetina Brumbarova (Saarland University, Germany), Petra Bauer (Saarland
University, Germany)
ivanov@mx.uni-saarland.de
Dicotyledonous plants growing under limited iron availability initiate a specific response resulting in the solubilization, reduction
and uptake of soil iron. The FRO2 and IRT1 genes encoding the effectors responsible for the latter two processes are regulated
by the transcription factor FIT. We demonstrate that the gene encoding the principal soil acidification factor under iron
deficiency, AHA2, is also dependent on the activity of FIT. Our main aim was to identify genes that are differentially regulated by
iron irrespective of growth conditions, or the age of plants. Such genes are more likely to respond specifically to iron, rather than
represent a secondary effect from the treatment, and could serve as reliable markers for iron deficiency. For this purpose, we
have compared two new independent datasets from microarray analyses on 6-day-old wild-type seedlings and 6-week-old
plants in order to select genes regulated by iron supply in both conditions and growth stages. We generated gene co-expression
networks based on the identified marker genes to visualize how iron deficiency is integrated in the general plant stress response
pattern. The results of this analysis indicate a potential organ-specific interplay between iron deficiency and other cellular
processes such as cell-cycle control and DNA damage response.

179

MOLECULAR NETWORK OF PLANT DEDIFFERENTIATION

Akira Iwase* (RIKEN Plant Science Center, Japan), Keiko Sugimoto (RIKEN Plant Science Center, Japan)
iwase@psc.riken.jp
Cellular dedifferentiation occurs widely in multicellular organisms and is an essential step for the acquiring of pluripotency,
where it is often seen that adult somatic cells regress to less differentiated states and regain cellular proliferative competence.
One of the most profound examples of cell dedifferentiation is provoked by wounding and is vital to promote regeneration of new
tissues and organs. In plants, experimental manipulation of cell dedifferentiation and redifferentiation from wounded tissues has
been extensively used in both basic and applied biology but molecular mechanisms underlying this control are poorly
understood. We previously discovered a WOUND INDUCED DEDIFFERENTIATION 1 (WIND1) participates in the regulation of
cell dedifferentiation in Arabidopsis (Iwase et al. Current Biology, 2011; Plant Signaling & Behavior 2011). WIND1 is rapidly
induced at the wound site and it promotes cell dedifferentiation and subsequent cell proliferation to form mass of cells termed
callus. Therefore, WIND1 can be a key regulator to understand molecular link between wounding and cell dedifferentiation. Now
we are trying to uncover which factors are there in up- and down-stream of WIND1. We will discuss possible functions of WIND1
and its relatives in reprogramming plant somatic cells to reacquire pluripotency by transcriptional control after wounding.

180

DEHYDRATION-RESPONSIVE ELEMENT-BINDING PROTEIN 2C INVOLVED IN THE EXPRESSION OF AN
ARABIDOPSIS PHYTOCYSTATIN GENE, ATCYS4

Jihyun Je* (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21), Gyeongsang National University,
Korea), Jae-Yean Kim (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21), Gyeongsang National
University, Korea), Chae Oh Lim* (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21),
Gyeongsang National University, Korea)
colim@gnu.ac.kr
The dehydration-responsive element binding factor 2 (DREB2) belong to the plant-specific AP2/ERF family of transcription
factors. A DREB2 homolog gene, DREB2C, functions as a key regulator in heat stress response and activates expression of
many abiotic stress-responsive-genes. We have characterized a cDNA encoding Arabidopsis thaliana phytocystatin 4 (AtCYS4),
a target gene for DREB2C that enhances the expression of the AtCYS4 under the heat stress conditions. An electrophoretic
mobility shift assay and transient activator-reporter assay showed that AtCYS4 expression was regulated by DREB2C. The
AtCYS4 transcription, translation and endogenous proteinase inhibitory activity were highly induced in the DREB2Coverexpressing transgenic plants. Additionally, the degree of heat stress tolerance of AtCYS4-overexpressing transgenic
Arabidopsis plants was found to be significantly greater than that of wild-type and knock-down plants, as measured by fresh
weight and root growth. Based on these results, we suggest that AtCYS4 is a key player in heat stress tolerance under the
control of the DREB2C cascade.

181

INTEGRATION OF LIGHT AND TEMPERATURE SIGNALLING ON SEEDLING GROWTH

Henrik Johansson* (University of Edinburgh, UK), Joe Hemsted (University of Edinburgh, UK), Karen Halliday (University of
Edinburgh, UK)
A.H.Johansson@sms.ed.ac.uk
One of the plant’s responses to light is the inhibition of the hypocotyl elongation, and the more light the plant perceives the
stronger this inhibition. This is in part explained by red light photoreceptor (phytochrome) dependent repression of the PIF
transcription factors that act to promote elongated growth. In addition, activation of the photoreceptors inhibits the activity of the
E3 ubiquitin ligase COP1, which acts to degrade multiple positive factors of photomorphogenesis, resulting in their accumulation
that subsequently will inhibit elongated growth. On the other hand, it has been shown that increasing temperatures promote
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elongation of the hypocotyl. However, this appears only to be true when the seedling is growing in the light since temperature
does not seem to affect dark grown seedlings. Here, we investigate the relationship between temperature and the fluence rate
of light on the inhibition of hypocotyl elongation in Arabidopsis thaliana. We find that the response to increasing fluence rates of
light is highly dependent on the ambient temperature and that PIF4 and PIF5 acting downstream of the major red light
photoreceptor, phyB, are essential for this response. Our results are challenging the current understanding of the de-etiolation
process and are providing a direct link between photoreceptor action and temperature signalling.

182

A NOVEL C2H2 ZINC FINGER FACTOR INTEGRATES ABA, LIGHT AND GIBBERELLIN SIGNALLING IN
GERMINATING ARABIDOPSIS SEEDLINGS

Mary Prathiba Joseph* (Biological Research Center, Hungary), Papdi Csaba (Biological Research Center, Hungary), István
Nagy (Baygen, Hungary), Csaba Koncz (Max Planck Institute of Plant Breeding Research,Germany), László Szabados
(Biological Research Center, Hungary)
mary.prathiba@gmail.com
Abscisic acid regulates numerous processes such as seed dessication, germination and responses to drought. Controlled cDNA
Overexpression System (COS, Papdi et al., 2008, Plant Physiol. 147: 528–542) was employed to identify novel genes which
control ABA regulation. Screening for ABA insensitive germination of the transgenic plant population, transformed with the COS
library, lead to the identification of line A44, which was able to germinate in the presence of 5µM ABA. Germination of A44
showed moderate salt tolerance and sugar hypersensitivity. The inserted cDNA encoded a previously unknown C2H2 Zinc
finger factor, member of a small gene family in Arabidopsis. Overexpression of this transcription factor caused reduced
hypocotyl during germination, delayed flowering and reduced seed yield. Reduction of hypocotyl growth was specific to Red
light and not to Far-Red or Blue light. T-DNA insertion mutant showed early flowering and were hypersensitive to ABA.
Promoter-GUS analysis revealed specific expression pattern mainly in seeds, hypocotyl, root and young seedlings. Transcript
profiling with RNASeq technology showed that ABA insensitive germination of A44 line was associated with downregulation of
key ABI and DELLA genes such as ABI3, ABI4, ABI5 and RGL2. Our data suggest that several members of the identified
transcription factor family regulate germination by modulating interaction of ABA, light and GA signalling.

183

MOLECULAR ANALYSIS OF TWO SPHINGOLIPID FATTY ACID 2-HYDROXYLASES IN ARABIDOPSIS BAX
INHIBITOR1-MEDIAED OXIDATIVE STRESS TOLERANCE

Maki Kawai-Yamada* (Saitama University, Japan), Minoru Nagano (Nara Institute of Science and Technology, Japan), Toshiki
Ishikawa (Saitama University, Japan), Hirofumi Uchimiya (Saitama University, Japan)
mkawai@mail.saitama-u.ac.jp
Bax inhibitor-1 (BI-1) is an endoplasmic reticulum (ER)-localizing cell death suppressor widely conserved in plants and animals.
In plants, overexpression of Arabidopsis BI-1 (AtBI-1) enhances tolerance to oxidative stress. We found that Arabidopsis fatty
acid 2-hydroxylases (AtFAH1and AtFAH2) interact with BI-1 via an electron transfer protein, cytochrome b5 (AtCb5), at the ER in
plant cells, resulting in accumulation of 2-hydroxy fatty acids (2-HFAs). To clarify whether AtFAH1 and AtFAH2 have fatty acid
2-hydroxylase activities, we performed a complementation test using yeast ScFAH1-deletion variant (�fah1), which cannot
produce any 2-HFAs. As a result, the 26h:0 accumulated in AtFAH1- or AtFAH2-expressing �fah1, and the co-expression with
AtCb5 enhanced these activities. This data suggests that both AtFAH1 and AtFAH2 had fatty acid 2-hydroxylase activity, and
the interaction with AtCb5 is needed for the sufficient function. Furthermore, AtFAH1 knockdown Arabidopsis lines and atfah2
KO mutant were analyzed. The 2-HFA analysis showed that AtFAH1 mainly 2-hydroxylated very-long-chain fatty acid (VLCFA),
whereas AtFAH2 selectively 2-hydroxylated palmitic acid in Arabidopsis. In addition, AtFAH1 interacted with AtBI-1 via AtCb5
more preferentially than AtFAH2. These data indicate functional differentiation of AtFAHs in Arabidopsis.

184

THE ROLE OF TEMPERATURE AND HOS1 IN SEED DORMANCY

Sarah Kendall* (University of York, UK), Steven Penfield (University of Exeter, UK)
slk505@york.ac.uk
We have used the regulation of seed dormancy as a system to investigate how temperature regulates developmental processes
in Arabidopsis. Environmental conditions during seed maturation are an important determinant of seed dormancy levels. This
regulation of dormancy affects the timing of germination and hence the environmental conditions that are experienced by the
plant in the following generation. Coping with temperature affects during seed maturation is essential for the consistent
production of high quality seeds, but currently the temperature signalling pathway in seeds is poorly understood.Cool and warm
seed maturation temperatures induce high and low levels of dormancy respectively in Arabidopsis. We show that these changes
in dormancy levels are coupled with altered ABA and GA levels and gene expression controlling hormone synthesis and
breakdown. During testing of cold-response mutants for dormancy phenotypes we found that expression of CRT/DRE BINDING
FACTORS (CBFs), a group of transcription factors that were characterised through the study of cold acclimation, was necessary
for dormancy. CBF RNAi and mutant seeds display reduced dormancy when matured at low temperatures. However low
temperature does not appear to increase CBF expression in seeds suggesting that this is not an important mechanism for the
temperature control of dormancy. More strikingly, here we show that the E3 ligase high expression of osmotically responsive
genes 1 (HOS1) is required for high dormancy levels in response to low maturation temperature. hos1 mutants show a complete
loss of dormancy when matured at any temperature. We show that germination of hos1 seeds in the presence of PAC or ABA
does not differ from wild-type, thus suggesting that synthesis of or sensitivity to GA or ABA is not affected. Instead, our data
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suggests that HOS1 defines a novel essential maternal pathway that controls seed dormancy independent of GA and ABA
responses in the mature seed.

185

THE NEGATIVE REGULATORS OF ARABIDOPSIS ABIOTIC STRESS RESPONSES, STRS1 AND STRS2 ARE
DEAD-BOX RNA HELICASES THAT EXHIBIT NUCLEOLAR/NUCLEOPLASMIC RE-PARTITIONING IN RESPONSE
TO STRESS

Asif Khan* (Ben-Gurion University of the Negev, Israel), Yuval Kaye (Ben-Gurion University of the Negev, Israel), Giorgia Batelli
(CNR-IGV Institute of Plant Genetics, Italy), Jian-Kang Zhu (Purdue University, USA), Gideon Grafi (Ben-Gurion University of the
Negev, Israel), Simon Barak (Ben-Gurion University of the Negev, Israel)
khan@post.bgu.ac.il
Plants exhibit complex transcriptional, post-transcriptional and post-translational regulation of stress-responsive gene
expression. We previously identified two Arabidopsis negative regulators of abiotic stress responses, which we designated
STRESS RESPONSE SUPPRESSOR (STRS)1 and STRS2 that both encode DEAD-box RNA helicases. Here, we show in an
in vitro assay that both STRS1 and STRS2 possess an RNA-dependent ATPase activity intrinsic to RNA helicases. Organspecific localization via transgenic plants expressing STRS-promoter:GUS fusions revealed that the STRS promoter alone is
insufficient for proper STRS localization. However plants expressing STRS promoter:GUS fusions that included the STRS
genomic gene sequence showed nuclear localization of the STRSs in most plant organs. Investigation of the sub-cellular
localization of the GFP-STRS fusion proteins demonstrated that the STRS proteins localize to the nucleolus with a lower level in
the rest of the nucleoplasm. Closer examination of GFP fluorescence revealed that the STRSs may also localize to the
perinuclear chromocenters, which was confirmed via FISH and immunolabelling with GFP antibodies. FRAP assays measuring
the recovery of GFP fluorescence in the nucleolus after bleaching suggested that the STRSs are highly mobile. Consistent with
this finding, the STRSs rapidly re-localize to nucleoplasmic speckles in response to various abiotic stresses. These results
suggest either, that at least one STRS function takes place in the nucleolus and that this function is inactivated during abiotic
stress, or that the STRSs are sequestered in the nucleolus and perform their active function in the nucleoplasm.

186

DROUGHT STRESS TOLERANCE IS EPIGENETICALLY REGULATED VIA ACETATE FERMENTATION PATHWAY
BY HISTONE DEACETYLASE 6, HDA6

Jong-Myong Kim* (Plant Genomic Network Research Team, RIKEN Plant Science Center, JAPAN), Taiko Kim To (Plant
Genomic Network Research Team, RIKEN Plant Science Center, JAPAN; Department of Integrated Genetics, National Institute
of Genetics, JAPAN), Motoaki Seki (Plant Genomic Network Research Team, RIKEN Plant Science Center, JAPAN; Kihara
Institute for Biological Research, Yokohama City University, JAPAN)
jmk@psc.riken.jp
Epigenetic information such as histone modifications regulates gene activity and genome function in eukaryotes. Deacetylation
of histone N-tails is correlated with gene repression and heterochromatin formation on the eukaryotic genome. Arabidopsis
histone deacetylase 6, HDA6 has multi functions in control of genome maintenance, environmental stress responses, plant
development and hormone signaling pathways (Kim et al., 2012 PCP. in press). Recently, we reported that the HDA6
cooperates with DNA methylation on its direct target loci in gene silencing mechanism (To & Kim et al., 2011 PLoS Genet.
e1002055). Here we show that HDA6 regulates acetate fermentation pathway involved in drought stress tolerance. Under
drought stress conditions, hda6 mutants showed noticeable tolerance compared with wild type. Transcriptome analysis using
hda6 mutants revealed the acetate fermentation pathway as a novel and essential metabolic pathway involved in drought stress
tolerance. ChIP assay demonstrated that HDA6 directly targets this metabolic pathway gene. Endogenous acetate level was
higher in hda6 mutants compared with wild type under drought stress conditions. Furthermore, drought stress tolerance was
intensely enhanced by addition of acetate before drought treatment in wild type. This is the first report that an epigenetic
component directly regulates the drought stress tolerance. We would like to discuss our recent progress on elucidating the
HDA6-mediated gene regulation mechanisms and new aspect of plant environmental stress response.

187

THE ASSEMBLY OF FRI-COMPLEX COMPONENTS DURING VERNALIZATION RESPONSE AND FLORAL ORGAN
DEVELOPMENT

Juhyun Kim* (Seoul National University, Korea), Hyun-ju Hwang (National Academy of Agricultural Science, Korea), Juhwa
Jeon (Seoul National University, Korea), Ilha Lee (Seoul National University, Korea)
siri83@snu.ac.kr
A floral repressor gene, FLOWERING LOCUS C (FLC), delays flowering in winter annual Arabidopsis before vernalization. The
FLC expression is elevated by several activators, FRIGIDA (FRI), FRIGIDA LIKE1, FRI ESSENTIAL1, FLC EXPRESSOR, and
SUPPRESSOR OF FRIGIDA 4 (SUF4). We previously showed that these activators bind each other and form a protein
complex. FLC transcription levels are decreased by vernalization, but the fate of upstream FRI complex is not yet studied. We
find that the components of FRI-complex show constant transcription during and after vernalization. However, SUF4 and FRI
protein quantities are increased during vernalization and those are returned after vernalization, which gives an insight that FRIcomplex is affected by cold. We check the complex size including FRI or SUF4 protein during long term cold. Interestingly, the
size of the complex including FRI is little changed but that including SUF4 gets smaller during cold. This result suggests that
SUF4 is separated from FRI-complex by cold. In addition, we figure out that SUF4 and FRI protein is expressed in floral organ.
This data shows that the components of FRI-complex remain after vernalization.
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188

FLOWERING LOCUS T AND PHOTOPERIODIC PATHWAY REGULATE STOMTAL OPENING

Toshinori Kinoshita* (Nagoya University, Japan), Eigo Ando (Nagoya University, Japan), Aiko Watanabe (Nagoya University,
Japan), Shin-ichiro Inoue (Nagoya University, Japan)
kinoshita@bio.nagoya-u.ac.jp
Stomatal pores surrounded by a pair of guard cells in the plant epidermis control gas exchange for photosynthesis in response
to light, CO2, and the phytohormone abscisic acid. Phototropins (phot1 and phot2) are plant blue-light receptor kinases and
+
mediate stomatal opening via activation of the plasma membrane H -ATPase. A recent investigation indicated that
+
FLOWERING LOCUS T (FT) is expressed in guard cells and induces stomatal opening by H -ATPase activation (Kinoshita et
al, Current Biology 2011). In this study, we examined whether TWIN SISTER OF FT (TSF), the closest homolog of FT, and
APETALA1 (AP1), a MADS-box transcription factor and the downstream component of FT in the floral induction, are involved in
the regulation of stomatal opening. The results showed that TSF and AP1 are expressed in guard cells, and that overexpression
of TSF and AP1 in guard cells of phot1 phot2 double mutant induce stomatal opening as in FT-overexpressing plants.
Moreover, we found that light-induced stomatal openings were larger in plants grown under long-day compared to short-day
conditions and the magnitude of response was related to the amount of FT transcript. The results strongly suggest that a similar
pathway to that of photoperiodic floral pathway is involved in the regulation of the stomatal opening, and that larger stomatal
opening, which results in enhancement of photosynthesis, is beneficial to the flowering plants.

189

A ROLE FOR HEAT SHOCK FACTORS IN THE CIRCADIAN CLOCK

Elsebeth Kolmos* (University of California San Diego), Steve A. Kay (University of California San Diego)
ekolmos@ucsd.edu
The circadian clock perceives environmental temperature signals in order to reset to local time, but the molecular mechanism
underlying this feature is not well understood. Here, we present ideas for temperature regulation of the core clock gene
PSEUDO RESPONSE REGULATOR 7 (PRR7). Using the yeast one-hybrid approach, we isolated specific transcription factors,
Heat Shock Factors (Hsf), which bind to the PRR7 promoter, indicating temperature regulation of PRR7 timing. Accordingly, the
prr7 mutant has different temperature-dependent phenotypes, e.g. regarding heat compensation, and the acute heat response,
which is gated by the circadian clock. Most Hsfs are heat-activated, forming trimeric complexes upon heat shock. Interestingly,
however, we found that hsf mutants display circadian phenotypes (short period) under normal temperature, suggesting a
general role for Hsf in clock behavior. Furthermore, we could detect changes in clock resetting following heat pulses in the hsf
mutants. We found both activator type (HsfA) and repressor type (HsfB) binding to conserved sites in the PRR7 promoter, and
in the yeast system some HsfA heterodimerize. Collectively, we propose that the Hsf complexes are important for correct
temperature input to the circadian system, including buffering PRR7 expression upon acute heat stress and gating clock
resetting.

190

SEQUENCING-BASED TRANSCRIPTOMICS AND FUNCTIONAL ANALYSIS OF COPPER DEFICIENCY
RESPONSES

Ute Kraemer* (Ruhr University Bochum, Germany), María Bernal (CSIC Zaragoza, Spain), David Casero Diaz-Cano (University
of California Los Angeles, USA), Vasantika Singh (Ruhr University Bochum, Germany), Grandon T. Wilson (University of South
Carolina, USA), Huijun Yang (University of South Carolina, USA), Arne Grande (Max Planck Institute for Plant Breeding
Research, Germany), Sheel C. Dodani (University of California Berkeley, USA), Matteo Pellegrini (University of California Los
Angeles, USA), Erin L. Connolly (University of South Carolina, USA), Peter Huijser (Max Planck Institute for Plant Breeding
Research, Germany), Sabeeha Merchant (University of California Los Angeles, USA)
ute.kraemer@rub.de
Copper (Cu) is an essential micronutrient required by all organisms including plants. Plastocyanin in photosynthesis,
cytochrome c oxidase in respiration, and the ethylene receptors are among approximately 200 Cu-metalloproteins encoded in
the Arabidopsis genome. Because of its potent ligand-binding and redox chemistries, Cu is highly toxic when present in excess.
Consequently, there is a need for tight control of Cu homeostasis. Arabidopsis SQUAMOSA PROMOTER BINDING PROTEINLIKE 7 (SPL7) is known to activate the transcription of Cu deficiency responsive protein-coding genes and miRNA precursors.
We used RNA-SEQ to compare transcriptional responses to Cu deficiency in roots, shoots and inflorescences of wild-type and
spl7-2 mutant plants grown hydroponically. This led to the identification of FERRIC REDUCTASE OXIDASEs 5 and 4 (FRO5/4)
acting in root Cu acquisition by mediating the extracellular reduction of Cu(II) to Cu(I) prior to Cu(I) uptake into root cells. The
levels of transcripts encoding these proteins are highly upregulated under Cu deficiency in dependence on SPL7. The high
sensitivity of the technique also allowed the identification of physiological changes in Cu-deficient plants, which are not SPL7dependent, based on marker transcripts. Cu deficiency caused secondary iron deficiency, and this was associated with reduced
in vitro ferroxidase activity. This suggested a possible role for a LACCASE-related multi-Cu oxidase in Arabidopsis Fe
homeostasis of Arabidopsis, analogous to similar enzymes in yeast, human and green algae. Both Cu deficiency and defects in
Cu homeostasis of spl7 mutants cause a reduction in the fertility of flowers and in seed set. The underlying developmental and
hormonal pathways are under investigation and will be discussed. Given that both Murashige & Skoog (MS) medium and many
soils high in organic matter are Cu deficient, the impact of Cu deficiency on plant development may widely affect Arabidopsis
research.
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191

THE ZN-FINGER TRANSCRIPTION FACTOR ZAT12: A MOLECULAR LINK BETWEEN IRON DEFICIENCY
RESPONSES AND OXIDATIVE STRESS

Cham Thi Tuyet Le* (Saarland University, Germany), Tzvetina Brumbarova (Saarland University, Germany), Rumen Ivanov
(Saarland University, Germany), Julia Mohrbacher (Saarland University, Germany), Petra Bauer (Saarland University, Germany)
lttcham@gmail.com
Plants grown under conditions where iron is poorly available induce a set of genes which enhance the efficiency of its uptake by
the roots. A central regulator of this response is the basic helix-loop-helix transcription factor FIT whose activity is tightly
regulated by the cellular response pathways. We identified the oxidative stress-responsive zinc finger transcription factor ZAT12
in an attempt to identify a link between iron deficiency responses and other types of abiotic stress. We generated a construct
expressing ZAT12 protein fused to GFP driven by the ZAT12 upstream sequence as a promoter. The fusion was expressed
successfully in Arabidopsis roots, where it could be observed in the nuclei. Expression of the FIT gene was upregulated in
ZAT12 loss-of-function plants. In addition, these plants accumulate higher amounts of iron when grown under iron-excess
conditions. Our results suggest that ZAT12 acts as a negative regulator of FIT. Further experiments are under way in order to
investigate the significance of this interaction in more detail.

192

ECTOPIC EXPRESSION OF CYTOSOLIC ARABIDOPSIS METHIONINE SULFOXIDE REDUCTASE B GENES
(MSRBS) CONFERS TOLERANCE TO OXIDATIVE STRESS AND SERVES AS NEW SELECTION GENES FOR
TRANSFORMATION

Shu-Hong Lee* (Academia Sinica Biotechnology Center in Southern Taiwan, Taiwan), Ming-Tsair Chan (Academia Sinica
Biotechnology Center in Southern Taiwan, Taiwan)
Jobs7028@gate.sinica.edu.tw
Plant transformation is an important tool for basic research and agricultural biotechnology. In most cases, selection of putative
transformants is based on antibiotic or herbicide resistance. Over-expression of plant genes that provide protection from abiotic
or biotic stresses can result in a conferred phenotype that can be used as a means for selection, and can transfer more
favorable genes to improve yield. Here, we demonstrated that transgenic plants over-expressing specific methionine sulfoxide
reductase B (MsrB) genes can constitute a new selection system with concomitantly increased tolerance to oxidative stress and
methyl viologen (MV) treatment. Transgenic plants over-expressing MsrB7 or MsrB8 were viable and survived after MV
treatment. MV treatment greatly increased the accumulation of H 2O2 in wild-type and RNAi-silenced Arabidopsis, but not in
plants over-expressing MsrB7 or MsrB8. The reduction in H2O2 level under MV treatment in these transgenic plants coincided
with increased activity of glutathione S-transferase (GST), a herbicide-detoxifying enzyme. To establish whether these native
plant origin genes serve as new non-antibiotic markers that can be applied to crop transformation, we used tomato cotyledons
as transformation materials. AtMsrB7 transgenic tomato plants were successfully obtained by Agrobacterium-mediated
transformation and selection on medium supplemented with 12.5 μM MV. The physiological phenotype and yields in AtMsrB7
transgenic tomato plants showed no significant difference from wild-type plants. In conclusion, plant-native MsrB genes can
provide an alternative selection marker for plant transformation.

193

REGULATION OF ROOT NITRATE UPTAKE IN ARABIDOPSIS THALIANA USING NRT2.1 AS A TARGET

Laurence Lejay* (INRA Montpellier, France), Sandrine Ruffel (INRA Montpellier, France), Edith Laugier (CNRS Montpellier,
France), Adeline Mauries (INRA Montpellier, France), Pascal Tillard (INRA Montpellier, France), Alain Gojon (INRA Montpellier,
France), Izaak Neri (University Montpellier 2, France), Norbert Kern (University Montpellier 2, France), Andrea Parmeggiani
(University Montpellier 2, France), Vladimir Lorman (University Montpellier 2, France), Rodrigo Gutierrez (P. Universidad
Catolica de Chile, Chile)
lejay@supagro.inra.fr
In Arabidopsis the NRT2.1 gene encodes a main component of the root high-affinity nitrate uptake system (HATS). Its regulation
has been thoroughly studied at the mRNA level, showing a strong correlation between NRT2.1 expression and HATS activity in
response to carbon and nitrogen treatments. However, despite its central role in plant nutrition, little is known concerning the
molecular mechanisms involved in its regulation. Over the past few years, we combined different approach to study both the
control of NRT2.1 expression by carbon signaling and the regulation of NRT2.1 at the protein level. We showed that NRT2.1 is
induced by light and sugars through an Oxidative Pentose Phosphate Pathway (OPPP)-dependent signaling mechanism, which
had never been characterized before. Furthermore, by combining an immunological approach and the use of transgenic lines
expressing a functional 35S::NRT2.1 transgene in an atnrt2.1 mutant background, we were able to show the occurrence of
posttranslational regulatory mechanisms. More recently, we started a systems biology approach in collaboration with the
laboratory of Rodrigo Gutierrez in Chile and a group of Physicists in Montpellier (France). For this work, we use NRT2.1 as a
target gene along with different combinations between the amount of light, carbon and nitrogen to decipher and model the gene
regulatory networks involved in the control of root nitrate uptake. At a time where CO2 concentration in the atmosphere is rising
and the fertility of the soils decreases, we believe that this kind of approach is essential to understand how nitrogen nutrition will
adapt to this changing environment in order to maintain or even enhance yield.

194

THE BZIP-TYPE TRANSCRIPTION FACTOR ATBZIP24: INTEGRATION IN THE STRESS RESPONSIVE
TRANSCRIPTIONAL NETWORK IN ARABIDOPSIS
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Chao Li* (Bielefeld University, Germany), Nina Probst (Bielefeld University, Germany), Oksoon Yang (Bielefeld University,
Germany), Dortje Golldack (Bielefeld University, Germany)
li@uni-bielefeld.de
Plants respond to abiotic environmental cues with the activation of a complex network of adaptive mechanisms that includes
cellular signaling and stress-adaptive gene expression. In this study, function of the Arabidopsis bZIP-type transcription factor
AtbZIP24 as a regulator of osmotic adjustment and plant development is characterized. In Arabidopsis, transcriptional
+
repression of AtbZIP24 by RNAi results in improved growth and development under salt stress that correlates with changed Na
and Cl accumulation. Transgenic A. thaliana lines with decreased AtbZIP24 expression showed activated transcription of downstream regulated stress-inducible genes involved in cytoplasmic ion homeostasis and osmotic adjustment. Expressional
analyses of bZIP24 in diverse knockout mutants of Arabidopsis thaliana allowed identification of interacting signaling pathways
and indicated miRNA-mediated gene regulation of the transcription factor. Present data suggest existence of a quick and
effective responding regulatory pathway upstream of bZIP24. This pathway could be highly correlated and integrated into one of
the presently known cell signaling cascades, among which the MAP kinase cascade is the most likely one due to its high
concurrence in hyperosmotic stress regulation. In this study, function of bZIP24 was linked to MAP kinases and bZIP24
regulatory elements are dissected to identify the promoter domains responsible for interaction. Finally, the project aims at
establishing the complete induction pathway of bZIP24 upon abiotic stresses.

195

THE POSTTRANSLATIONAL ACTIVATION OF NITRATE REDUCTASE RELATED TO PHOTOSYNTHESIS IS
CONSERVED BETWEEN SPIKE MOSS AND ARABIDOPSIS, AND MAY BE CRUCIAL FOR EVOLVEMENT OF LAND
PLANTS

Cathrine Lillo* (University of Stavanger, Norway), Margarita Hansen (University of Stavanger, Norway), Nina Førland (University
of Stavanger, Norway), Adriane Ducham (University of Stavanger, Norway), Dugassa Nemie Feyissa (University of Stavanger,
Norway), Behzad Heidari (University of Stavanger, Norway)
cathrine.lillo@uis.no
With sequencing of the Selaginella genome it has become easier to reveal genes and control mechanism of importance for
evolution of vascular land plants. Selaginella moellendorffii has two nitrate reductase (NR) genes, encoding the proteins
SmNIA1 and SmNIA2, which are 59% identical to Arabidopsis thaliana nitrate reductase. Both SmNIA1 and SmNIA2 possess
the conserved motif [S/T]XS*[T/S]XP which is known to be phosphorylated and bind 14-3-3 proteins during down-regulation of
NR in angiosperms. In the present work we tested if NR in the spikemoss Selaginella could be rapidly activated and inactivated
as in angiosperms. The results showed that Selaginella NR was indeed rapidly activated/inactivated similar to Arabidopsis NR,
and the results are in agreement with a phosphorylation/dephosphorylation regulatory mechanisms at a serine residue in hinge
1. Light activation of NR was inhibited by DCMU, an inhibitor of photosynthesis, as was previously found in angiosperms. In
contrast to angiosperms, the posttranslational regulation mechanism appeared to also fully account for diurnal variations in NR
activity, whereas de novo synthesis was not important for daily variations. The results indicate that evolution of a
posttranslational control mechanism for NR paralleled evolution of complex mechanisms for regulation of CO2 exchange in
plants.

196

OVER-EXPRESSION OF THE DEHYDRATION-RESPONSIVE ELEMENT BINDING FACTOR 2C ENHANCES SALT
TOLERANCE

Chae Oh Lim* (Systems & Synthetiz Agrobiotech Center, Granduate School of Gyeongsang National University, Korea), Chieun
Song (Systems & Synthetiz Agrobiotech Center, Granduate School of Gyeongsang National University, Korea)
colim@gnu.ac.kr
The dehydration responsive element binding factors (DREBs) are a family of plant–specific transcription factors with conserved
APETALA2 DNA-binding domain that bind DRE. We have characterized cDNA encoding Arabidopsis thaliana DREB2C, which
is induced by NaCl treatment. Constitutive expression of DREB2C under the control of the cauliflower mosaic virus (CaMV) 35S
promoter led to enhanced salinity tolerance in transgenic lines of Arabidopsis. In addition, both basal and NaCl-induced
expressions of the salt-inducible marker gene COR15A was higher in plants overexpressing DREB2C than those in wild-type
plants. Interestingly, other stress-inducible marker genes RD29B and ERD10 were reduced in DREB2C-overexpressors. Thus,
we suggest that DREB2C have complicated roles as an activator and/or a suppressor in salinity tolerance via the regulation of
stress-responsive genes in Arabidopsis.

197

TRANSPOSASE-DERIVED PROTEINS FHY3/FAR1 INTERACT WITH PIF1 TO REGULATE CHLOROPHYLL
BIOSYNTHESIS BY CONTROLLING HEMB1 GENE DURING DEETIOLATION IN ARABIDOPSIS

Rongcheng Lin* (Institute of Botany, the Chinese Academy of Sciences, China), Weijiang Tang (Institute of Botany, the Chinese
Academy of Sciences, China), Wanqing Wang (Institute of Botany, the Chinese Academy of Sciences, China), Dongqin Chen
(Institute of Botany, the Chinese Academy of Sciences, China), Qiang Ji (Institute of Botany, the Chinese Academy of Sciences,
China), Yanjun Jing (Institute of Botany, the Chinese Academy of Sciences, China), Haiyang Wang (Yale University, USA)
rclin@ibcas.ac.cn
Successful chlorophyll biosynthesis during initial light exposure is critical for plant survival and growth, as excess accumulation
of chlorophyll precursors in darkness can cause potential photooxidative damage to cells. Therefore, efficient mechanisms have
Page 86

Posters: Responses to the Abiotic Environment

ICAR 2012 Vienna, Austria

been evolved to precisely regulate chlorophyll biosynthesis in plants. Here, we identify FHY3 and FAR1, two transposasederived transcription factors, as positive regulators in controlling chlorophyll biosynthesis in Arabidopsis thaliana. We show that
null mutations in FHY3 and FAR1 cause reduced protochlorophyllide (a precursor of chlorophyll) level in darkness and less
photobleaching to light. We find that FHY3 directly binds to the promoter and activates expression of HEMB1 gene, which
encodes 5-aminolevulinic acid dehydratase in the chlorophyll biosynthetic pathway. We reveal that PIF1 physically interacts with
the DNA binding domain of FHY3, thereby partly represses FHY3/FAR1-activated HEMB1 expression. Strikingly, FHY3
expression is up-regulated by white light. In addition, our genetic data indicate that overexpression, severe reduction or lack of
HEMB1 impair plant growth and development. Together, our findings reveal a crucial role of FHY3/FAR1 in regulating
chlorophyll biosynthesis, thus uncovering a novel layer of regulatory mechanism by which light positively controls plant dark-light
transition in early seedling development.

198

TRANSCRIPTION FACTOR PIF4 CONTROLS THE THERMOSENSORY ACTIVATION OF FLOWERING

Doris Lucyshyn* (John Innes Centre, UK), S. Vinod Kumar (John Innes Centre, UK), Katja E. Jaeger (John Innes Centre, UK),
Enriqueta Alós (John Innes Centre, UK), Elizabeth Alvey (John Innes Centre, UK), Nicholas P. Harberd (University of Oxford,
UK), Philip A. Wigge (John Innes Centre, UK)
doris.lucyshyn@boku.ac.at
Plant growth and development are strongly affected by small differences in temperature. Current climate change has already
altered global plant phenology and distribution, and projected increases in temperature pose a significant challenge to
agriculture. Despite the important role of temperature on plant development, the underlying pathways are unknown. It has
previously been shown that thermal acceleration of flowering is dependent on the florigen, FLOWERING LOCUS T (FT). How
this occurs is however not understood, since the major pathway known to upregulate FT, the photoperiod pathway, is not
required for thermal acceleration of flowering. Here we demonstrate a direct mechanism by which increasing temperature
causes the bHLH transcription factor PHYTOCHROME INTERACTING FACTOR4 (PIF4) to activate FT. Our findings provide a
new understanding of how plants control their timing of reproduction in response to temperature. Flowering time is an important
trait in crops as well as affecting the lifecycles of pollinator species. A molecular understanding of how temperature affects
flowering will be important for mitigating the effects of climate change.

199

GENETIC VARIABILITY OF CORE COLLECTION OF ARABIDOPSIS THALIANA TO COLD-TOLERANCE

Selma Mahboubi*(University of Oran, Algeria), Fatima Zohra Fyad (University of Oran, Algeria)
mahboubi_selma@yahoo.fr
The numerous advantages and properties that present Arabidopsis thaliana (thale cress) species have made this plant a
selecting model of interest for biologist researchers, allowing the comprehension of cell functioning basis responsible for the
development flower plants and their adaptation in their environment. The low temperatures are considered as an important
environmental factor wich strongly influence the growth and the development of plants and therefore on the efficiency and the
productivity of the cultivated plants. Due to these, the selection of cold-resistant cultivars represents an important issue in the
plant improvement. We evaluate, in our work, the genetic variability of some ecotypes of Arabidopsis thaliana versus the coldstress at sporophytic and gametophytic stages. The grain germination and the elongation of young plants of eight (08) ecotypes
Arabidopsis thaliana have been examined in laboratory under a low temperature regime (4°C)and at normal room temperature
(24°C). Three types of treatment at 4°C have been applied (T1, T2, T3) respectively over duration of 5 days, 8 days and 11
days. The greatest variability of germination rate have been observed under the treatment T1 (5 days at 4°C), while it’s under
treatment T2 that length of young plants where the variability is most important. In certain ecotypes, we have observed an
important rate of germination in the treated lot than witness lot. This suggest an eventual existence of embryonic dormancy
raised by cooled-treatment. Concerning the study of haploid stage, the pollen of certain ecotypes have presented difficulties to
germinate in artificial media, thus only five ecotypes have been tested. The in vitro germination rate of the pollen grain and thus
the pollen tube length have been studied under three treatment at 4°C (T2,T2,T3)which the durations are respectively 30
minutes, 60 minutes and 90 minutes at normal room temperature (24°C).

200

THE ROLE OF HT1 KINASE IN RED LIGHT-INDUCED STOMATAL OPENING

Anastasia Matrosova* (University of Agricultural Sciences, Sweden), Mimi Hashimoto (Kyushu University, Japan), Koh Iba
(Kyushu University, Japan), Julian I Schroeder (University of California San Diego, USA), Maria Israelsson Nordström
(University of Agricultural Sciences, Sweden)
anastasia.matrosova@slu.se
Red and blue light induce stomatal opening in plants via separate pathways. It is unclear to what extent photosynthetic
processes of guard cells or underlying mesophyll are involved in the red light-induced stomatal response. The HT1 kinase is a
negative regulator of high [CO2]-induced stomatal closure and the ht1 mutant has previously been shown to respond to blue
light and ABA. If the red light signal is transduced via a change in photosynthetic activity, this mediator signal could be an
altered intercellular [CO2] (Ci). Due to the disrupted [CO2]-induced stomatal movements in ht1, this mutant was analyzed for its
role in red light-induced stomatal opening. Gas exchange measurements of stomatal conductance showed a lack of functional
red light stomatal opening in ht1-1 and ht1-2, while ht1 alleles exhibited stomatal opening under blue light. In order to examine
photosynthesis processes, measurements of photosynthetic assimilation and several fluorescence measurements were
performed. The results show that mesophyll photosynthesis is largely functional in ht1 both for photosynthetic electron transport-
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and Calvin cycle-dependent reactions. To assay whether other red light-triggered processes are functional in ht1-1 and ht1-2,
2+
the de-etiolation response was investigated compared to wildtype and phyB. Cameleon studies measuring Ca rate transients
in ht1 mutant alleles and Col.0 will also be presented and discussed. The inability of ht1 to respond to red light nor to low [CO2]
suggests that red light induces a photosynthesis-derived drop in Ci that in turn triggers low [CO2]-induced stomatal opening
where HT1 functions.

201

THE EXPRESSION OF THE CAROTENOID AND CHLOROPHYLL BIOSYNTHESIS GENES ARE COORDINATEDLY
REPRESSED IN RESPONSE TO ABIOTIC AND BIOTIC STRESSES

Stuart Meier* (King Abdullah University of Science and Technology, Saudi Arabia), Chris Gehring (King Abdullah University of
Science and Technology, Saudi Arabia)
stuart.meier@kaust.edu.sa
The carotenoids have a number of major functions in plant chloroplasts that include light absorption and photoprotection with
the latter commonly assumed to be of greater importance. During development, carotenoid synthesis is known to be closely
coordinated with that of chlorophylls and this appears to be largely mediated by the coordinated expression of their respective
biosynthesis genes. In response to stress, it is well documented that chlorophyll degradation is increased and the expression of
chlorophyll biosynthesis genes is repressed in order to reduce light absorption which can increase the production of damaging
reactive oxygen species in chloroplasts. Given that the carotenoids function as both light absorbing pigments and antioxidants
we are particularly interested in examining how the transcription of carotenoid biosynthesis genes, and presumably carotenoid
synthesis is regulated during stress responses. To this end we performed a comparative analysis of the transcriptional
responses of carotenoid and chlorophyll biosynthesis genes following challenges with a range of abiotic and biotic stresses. In
general, there was no universal induction of the carotenoid biosynthesis genes in response to any stresses. On the contrary, the
expression of many carotenoid biosynthesis genes, including PHYTOENE SYNTHASE whose transcription is known to be a
major driving force for carotenoid production, were coordinately repressed with the chlorophyll biosynthesis genes in response
to a number of stresses including reactive oxygen species. These results reveal that despite their established role as
antioxidants, the transcription of carotenoid biosynthesis genes following stress challenges more closely resembles that of light
absorbing pigments than stress inducible genes. This response is likely to reflect the close functional relationship between
carotenoid and chlorophyll molecules.

202

DYNAMICS OF CYTOKININ METABOLISM AND SIGNAL TRANSDUCTION IN COLD AND HEAT STRESS
RESPONSES OF ARABIDOPSIS

Eva Miklankova* (Institute of Experimental Botany AS CR, Czech Republic), Jana Dobra (Institute of Experimental Botany AS
CR, Czech Republic), Petre Dobrev (Institute of Experimental Botany AS CR, Czech Republic), Helena Storchova (Institute of
Experimental Botany AS CR, Czech Republic), Radomira Vankova (Institute of Experimental Botany AS CR, Czech Republic)
miklankova@ueb.cas.cz
Heat stress represents abiotic stress, which may cause very fast damage to all cell structures, thus, the initial stress response
includes transient stimulation of transpiration, which delays the rise of leaf temperature until other defence mechanisms can be
stimulated. On the contrary, cold stress is associated with slowing down of metabolic processes. The early responses to both
stresses include down-regulation of the growth rate. Plant hormone cytokinins (CKs) have been recognized to play an important
role in both responses. Heat (40°C) and cold (5°C) stresses were applied to shoots of Arabidopsis thaliana grown in hydropony.
Upon heat stress, expression of genes for biosynthetic enzymes (isopentenyltransferases, especially IPT3) as well as for
degrading enzymes (cytokinin oxidases/dehydrogenases, e.g.CKX1) was down-regulated in apices and leaves, while upregulated in non-stressed roots. Enhanced CK transport from the roots enabled to maintain active CK levels (necessary for
stomata opening) in leaves for ca 45 min (period of stimulated transpiration). Cold stress was also associated with downregulation of IPT3, which, however, returned to control level after 6 h. CKX genes (especially CKX1 and CKX6) exhibited
transient peak after 30 min of cold stress, which coincided well with down-regulation of active CK levels in leaves. The
expression of CK receptors exhibited (with a 15-min delay) transient down-regulation upon heat stress, reaching back the
control levels after 2 h. Similar expression profile was determined for positive type-B response regulators (e.g. ARR12).
Expression of negative type-A response regulators was down-regulated immediately upon heat stress. On the contrary, upon
cold stress, fast transient stimulation of type-A response regulators was found. The expression data are in good accordance
with hormone levels as well as with physiological performance of stressed plants. This work was supported by GA CR projects
no. 522/09/2058 and 206/09/2062.

203

STOMATAL FEATURES AND RESPONSES TO ENVIRONMENTAL SIGNALS IN THE ARABIDOPSIS ME-0
ECOTYPE

Keina Monda* (Kyushu University, Japan), Juntaro Negi (Kyushu University, Japan), Nobuharu Goto (RIKEN BRC Senior
Visiteing Scientist, Japan), Koh Iba (Kyushu University, Japan)
kmondscb@kyushu-u.org
Gas exchange is regulated by controlling the size and number of stomata that are located on the leaf surfaces, and guard cell
length and stomatal density can both be considered important ecophysiological parameters. Plants have changed these
stomatal features to adapt to a range of different, often fluctuating environments of habitats. However, the influence of stomatal
features on the ability to respond to the environment is still not well understood. Arabidopsis Mechtshausen (Me-0) is one of the
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ecotypes inhabiting Germany, which has wide leaves, serrated leaf margins, and numerous lateral branches. We found that Me0 has quite large stomata. Me-0 shows constitutively higher stomatal conductance than Col-0 in response to changes in the CO2
content in the air, although the stomatal density was half of that in Col-0. Epidermal peel experiment shows that the stomatal
pore width of Me-0 is larger, but the stomatal aperture (width/length) is smaller than those of Col-0 in high [CO2] condition.
Similar results were obtained from the measurements of stomatal conductance and aperture in response to other environmental
signals (light and humidity). These stomatal phenotypes of Me-0 suggest that its ability of gas exchange is more affected by
large stomatal size than its low stomatal density and small aperture of stomata.

204

A NOVEL CIRCADIAN CLOCK REGULATOR IN ARABIDOPSIS

Dawn H. Nagel* (University of California, San Diego, USA), Jose L. Pruneda-Paz (University of California, San Diego, USA),
Steve A. Kay (University of California, San Diego, USA)
dnagel@ucsd.edu
The circadian clock is an endogenous timing mechanism found in all organisms studied to date, regulating many aspects of their
behavior, metabolism and physiology. Robust rhythms, enhanced fitness, and growth vigor, are conferred when daily
oscillations and clock controlled physiological responses synchronize with environmental conditions. In Arabidopsis, an
interconnected multi-oscillator network controls key biological processes, along with the circadian regulation of ~ 30% of the
genes, and the diurnal control of ~85% of the expressed transcripts. However, the inability to mechanistically map direct
regulatory relationships between existing clock components, suggests that new clock genes are still missing. Although forward
genetics approaches were instrumental in early circadian studies, saturation of these screens, and clock gene family
redundancy, has limited the use of this approach. To overcome this limitation, we have taken a reverse genetics approach to
identify novel transcriptional regulators of the core clock component CCA1. We performed a high-throughput automated yeast
one-hybrid screen with a comprehensive library of ~2000 predicted transcription factors (TF) in Arabidopsis. A bHLH
transcription factor (bHLH-TF01) was identified that directly binds to the promoter, and negatively regulates the transcription of
CCA1. Furthermore, preliminary data suggest that the effect of bHLH-TF01 on CCA1 is enhanced at high temperature,
suggesting an important mechanistic link to temperature input to the circadian clock.

205

TRANSCRIPTIONAL REPRESSOR PSEUDO-RESPONSE REGULATOR 5 DIRECTLY REGULATES CLOCK
OUTPUT PATHWAYS

Norihito Nakamichi* (Nagoya University, Japan), Takatoshi Kiba (RIKEN Plant Science Center, Japan), Mari Kamioka (Nagoya
University, Japan), Takamasa Suzuki (Nagoya University, Japan), Takafumi Yamashino (Nagoya University, Japan), Tetsuya
Higashiyama (Nagoya University, Japan), Hitoshi Sakakibara (RIKEN Plant Science Center, Japan), Takeshi Mizuno (Nagoya
University, Japan)
norih1@agr.nagoya-u.ac.jp
The circadian clock is a biological time-keeping mechanism that enables organisms to adapt to external daily and seasonal
cycles. The clock coordinates biological activities with these cycles, partly through genome-wide gene expression. However, the
exact mechanism underlying regulation on circadian gene expression remained to be understood. In this presentation, we
demonstrate that an Arabidopsis PSEUDO-RESPONSE REGULATOR 5 (PRR5), which acts in the clock genetic circuit, directly
regulates expression timing of key transcription factors involved in clock output pathways. Transient expression assay and
chromatin immunoprecipitation followed by real-time quantitative PCR assay (ChIP-qPCR) using mutated PRR5 indicate that
PRR5 associates with target DNA through the CCT motif (for a conserved motif of CONSTANS, CONSTANS-LIKE 1, and
TIMING OF CAB EXPRESSION 1) in vivo. Chromatin immunoprecipitation followed by deep sequencing (ChIP-seq) coupled
with genome-wide expression profiling reveal the 65 direct target genes of PRR5. Direct targets include genes encoding
transcription factors involved in flowering time regulation, hypocotyl elongation, and cold stress responses. Expression of PRR5target genes are low, or at basal levels from noon until midnight, when PRR9, PRR7, and PRR5 are expressed. ChIP-qPCR
assays indicate that PRR7 and PRR9 also associate with the direct targets of PRR5. Genome-wide expression profiling using a
prr9 prr7 prr5 triple mutant suggests that PRR5, PRR7, and PRR9 repress these targets. Together, our results illustrate a
genetic network in which PRR5, PRR7, and PRR9 act as ‘hubs’ that directly regulate expression timing of key transcription
factors to coordinate biological processes with daily cycles.

206

CHARACTERIZATION OF MUTANTS DEFICIENT IN CYTOSOLIC IRON-SULFUR CLUSTER ASSEMBLY PATHWAY
IN ARABIDOPSIS

Miyuki Nakamura* (NAIST:Nara Institute of Science and Technology, Japan), Yuki Kinoshita(NAIST, Japan), Tetsu Kinoshita
(NAIST, Japan)
nakamura@bs.naist.jp
Iron–sulfur (Fe-S) clusters are ancient and universal co-factors that are responsible for various cellular activities including
transcriptional regulation, photosynthesis and respiration. Since Fe-S clusters are sensitive to oxidation, this feature could be
involved in sensing and responding to oxidative stress. In plant, three distinct pathways for Fe-S cluster assembly have been
identified so far. Each pathway functions in different organelles, ISC (iron-sulfur cluster) in mitochondria; SUF (sulfur
mobilization) in plastid; CIA (cytosolic Fe-S assembly) in cytosol. Because ISC and SUF systems are similar between bacteria
and organelles, they have been relatively well characterized through bacterial analysis. CIA pathway was recently identified in
yeast and turned out that individual components for the pathway are highly conserved in eukaryotes. However, the roles of this
pathway in multicellular organism remain unknown. alac2 that showed abnormal endosperm development has previously been
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isolated as a mutant defective in one of the CIA pathway components. Here, we investigated that the phenotype of mutants
defective in ALAC2 and other components of this pathway. As a result, most of these mutations caused embryonic lethality and
seed abortion shortly after fertilization. Homozygous plant for weak alac2 mutant allele and heteroallelic combinations with
strong-weak allele of alac2-1/alac2-2 were viable and exhibited some developmental disorders during vegetative development.
Surprisingly, they showed resistance to paraquat, known as an agent inducing oxidative damage. This result is unexpected
because Fe-S cluster assembly system is required for the repair of iron-sulfur clusters damaged by oxidation as well as the de
novo incorporation. Thus, the ALAC2 protein in the CIA pathway may be involved in the oxidative response through unknown
molecular mechanism. The underlying mechanism of these phenotypes in alac2 will be discussed.

207

COMPETITIVE ABILITY OF ARABIDOPSIS ECOTYPES

Padma Nimmakayala* (West Virginia State University, USA), Lavanya Abburi (West Virginia State University, USA), Lori
Dingess (West Virginia State University, USA), Gopi Vajja (West Virginia State University, USA), Umesh K. Reddy (West
Virginia State University, USA)
Padma@wvstateu.edu
To test the competitive ability of ecotypes in different soil environment, we selected 10 ecotypes from different geographical
regions. Two soil treatments were used, of which one was commercial soil mix and the other mine soil collected from the mine
site. All the ecotypes were sown in small (depth 2.5 inch) pots filled with arabi mix. These pots were kept for incubation at 4oC
for 4 days to break the seed dormancy. Once the seedlings are grown, they were transferred to Arabi-Sun light stands for
germination. After 14 days the plants were transplanted in to bigger pots (depth 5 inch). Each pot had combination of two
ecotypes of three plants each. Each combination was grown in three replications. Ecotypes were individually grown as controls
to observe their solitary performance without any competition from the other ecotypes. ANOVA was carried out to find out the
critical differences. Combinations and solitary controls, significantly different were analyzed to judge their competition ability.
Mrk-0, Sorbo, Lz-0, N13 and Van-0 were the superior competitors whereas the Ts-1, Sq-8 and Oy-0 were poor competitors.
Interestingly, all the ecotypes in current study performed well while in combinations. Currently we are in process of exploring
microbe rhizosphere differences and expression profiles across the best and poor competitors while in solo as well as in
competition.

208

NEGATIVE REGULATORY ROLE OF CYTOKININS IN DROUGHT AND SALT STRESS RESPONSES

Rie Nishiyama* (RIKEN Plant Science Center, Japan), Dung Tien Le (RIKEN Plant Science Center, Japan), Yasuko Watanabe
(RIKEN Plant Science Center, Japan), Lam-Son Phan Tran (RIKEN Plant Science Center, Japan)
rienishi@psc.riken.jp
Cytokinins (CKs) regulate plant growth and development via CK signaling. We have performed functional analyses of CKdeficient plants to provide direct evidence that CKs negatively regulate salt and drought stress signalings. Expression of the
genes encoding the key CK biosynthetic IPT and the degradative CKX enzymes was repressed by stress and ABA treatments,
leading to a decrease in biologically active CK contents. All CK-deficient plants with reduced levels of various CKs exhibited a
strong stress-tolerant phenotype that was associated with increased cell membrane integrity and ABA-hypersensitivity rather
than stomatal density and ABA-mediated stomatal closure. Additionally, under normal conditions, CK deficiency caused downregulation of key ABA biosynthetic genes, leading to a significant reduction in endogenous ABA levels. These results
demonstrate a novel mechanism for survival under abiotic stress conditions via the homeostatic regulation of steady state CK
levels. To identify genes involved in salt stress tolerance and regulated by CKs as well as to elucidate molecular mechanisms
associated with CK-regulated salt tolerance, we have conducted a genome-wide comparative transcriptome analysis of the wildtype (WT) and the CK-deficient ipt1,3,5,7 mutant under both normal and salt stress conditions. Our results suggest that
reduction of bioactive CK levels induced changes in gene expression of many regulatory and functional genes, including
+
+
transcription factors (TFs), calcium sensors, high affinity K /Na co-transporter proteins, heat shock proteins, late
embryogenesis-abundant (LEA) proteins, xyloglucan endo-transglycosylases (XTR), glycosyltransferases (GTs), glycoside
hydrolases (GHs), defensins and glyoxalase I family proteins. This study highlights the impact of CK regulation on the wellknown stress-responsive signaling pathways, which regulate plant adaptation to high salinity.

209

NEW SHADE AVOIDANCE GENES DISCOVERED VIA DIFFERENTIAL EXPRESSION AND HIGH THROUGHPUT
SCREENING.

Kazunari Nozue* (University of California, Davis, USA), Upendra Kumar Devisetty (University of California, Davis, USA), Matt
Robinson (University of California, Davis, USA), Maxwell Mumbach (University of California, Davis, USA), Ian Knox (University
of California, Davis, USA), Christine M. Palmer (University of California, Davis, USA), Julin N. Maloof (University of California,
Davis, USA)
knozue@ucdavis.edu
The shade avoidance syndrome is a classic example of phenotypic plasticity, the ability of an organism to produce different
phenotypes under different environmental conditions. One index of shade avoidance in adult plants is petiole elongation. Shade
promotes petiole elongation, but the underlying molecular mechanisms are not fully understood. To gain broader understanding
of the mechanisms we used RNAseq transcriptome analysis of shade-responsive genes in adult plants and previous knowledge
to select 72 genes for analysis. We developed semi-automated systems for high-throughput leaf phenotype analysis (such as a
new imageJ plugin, LeafJ) and surveyed leaf phenotypes of mutants in these 72 genes. In addition to known shade avoidance
mutants (phyB and pif4 pif5) we found mutants that showed significantly altered shade-induced petiole elongation in the
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jasmonic acid, auxin, and light signaling pathways. Also our mutant analysis showed that a potassium channel gene, a
phosphatase gene, a protein kinase gene not previously known to be involved in light signaling are involved in the shade
avoidance response. This result showed that high throughput leaf image analysis of selected mutants was powerful strategy to
find new components in shade avoidance responses.

210

IDENTIFICATION OF PHOSPHORYLATION SUBSTRATES OF ARABIDOPSIS THALIANA AKIN10

Ella Nukarinen* (University of Vienna, Austria), Wolfgang Hoehenwarter (University of Vienna, Austria), Elena Baena-González
(Instituto Gulbenkian de Ciência, Portugal), Wolfram Weckwerth (University of Vienna, Austria)
ella.nukarinen@univie.ac.at
Proteins can be regulated by different post-translational modifications (PTM). The major PTM is reversible protein
phosphorylation at serine, threonine or tyrosine residue. Profiling of phosphoproteome is complicated due to the low abundance
of phosphorylated proteins in a complex biological sample. Traditionally different phosphopeptide enrichment methods followed
by mass spectrometry have been used to examine the phosphorylation status of a sample. Each enrichment method generates
a different set of phosphoproteins/peptides. Here, we used a new dual enrichment strategy that combines phosphoprotein
enrichment by aluminium hydroxide (Al(OH)3) metaloxide affinity chromatography (MOAC) and phosphopeptide enrichment by
titaniumdioxide (TiO2). The enriched proteins were identified and quantified by the MAPA shotgun proteomics approach (mass
accuracy precursor alignment; Hoehenwarter et al, 2008). This combined strategy was used to study the signalling network of a
central regulator of plant energy metabolism, AKIN10. This snf-related kinase (SnRK1) controls eucaryotically conserved
regulation of energy metabolism and stress transduction. To study its putative phosphorylation substrates we have screened the
SnRK1 ko mutant line akin10 for phosphoproteins in energy limited (prolonged night) conditions.

211

CONTROL MECHANISM OF OSMOTIC STRESS RESPONSE AND PLANT GROWTH BY POTASSIUM
TRANSPORTER IN ARABIDOPSIS

Yuriko Osakabe* (RIKEN PSC, Japan), Shogo Katsura (Univ. Tokyo, Japan), Naoko Arinaga (Univ. Tokyo, Japan), Keita
Nagamachi (Univ. Tokyo, Japan), Hidenori Tanaka (Univ. Tokyo, Japan), Koji Yamada (Univ. Tokyo, Japan), Souk Seo (Univ.
Tokyo, Japan), Mitsuru Abo (Univ. Tokyo, Japan), Etsuro Yoshimura (Univ. Tokyo, Japan), Kazuo Shinozaki (RIKEN PSC,
Japan), Kazuko Yamaguchi-Shinozaki (Univ. Tokyo, Japan and JIRCAS, Japan)
ayosa@rtc.riken.jp
Potassium is essential for plant growth and required not only for osmotic regulation, but also maintaining of plasma membrane
potential and regulation of enzymatic activity in plant cells. KUP6, which belongs to the KUP/HAK/KT potassium transporter
family, is induced by drought and salinity stress, and abscisic acid (ABA) in Arabidopsis. The histochemical analysis of GUS
activity in the KUP6pro:GUS transgenic plants showed that KUP6 was expressed in vascular tissues and guard cells. We then
isolated the Arabidopsis mutant plants for KUP6 and the homologous gene, KUP8. The kup mutants increased auxin responses
and decreased sensitivity to an auxin transport inhibitor, 1-N-naphthylphthalamic acid (NPA), and ABA in lateral root growth.
The KUP6-overexpressing transgenic plants showed less transpirational water loss and increased tolerance to drought stress.
We will discuss potassium homeostasis and osmotic adjustment in both cell growth and stress responses via the KUP
potassium transporter family.

212

ARABIDOPSIS AS A HETEROLOGOUS MODEL FOR STUDYING INDUCTION OF PINE STILBENE SYNTHASE
GENE EXPRESSION

Tanja Paasela* (University of Helsinki, Finland), Kean-Jin Lim (University of Helsinki, Finland), Muhammad Zubair Rafique
(University of Helsinki, Finland), Teemu Teeri (University of Helsinki, Finland)
tanja.paasela@helsinki.fi
Stilbenes are important secondary metabolites produced in response to environmental and developmental cues in many plant
species. In Scots pine (Pinus sylvestris), stilbene synthase, the key enzyme in the stilbene pathway is catalyzing pinosylvin
synthesis from three molecules of malonyl-CoA and one cinnamoyl-CoA. The production of pinosylvin is induced in adult trees
during heartwood development and is thought to be one of the main factors responsible for decay resistance of pine heartwood.
In addition to developmental signals, several stress conditions such as UV-light, ozone, wounding and pathogen attack activate
the expression of stilbene synthase genes and pinosylvin formation. In this project we are aiming to understand how the
expression of stilbene synthase genes are regulated in Scots pine. However, efficient transformation and regeneration
techniques of Scots pine are lacking and utilizing reverse genetic approaches is not possible at the moment. Therefore, we are
studying the possibility of using Arabidopsis as heterologous system to study regulation of stilbene synthase transcription. Even
though pine and Arabidopsis are diverged early in evolution, some signalling events may be conserved between these plants.
Earlier studies have shown that the pine stilbene synthase gene is induced in response to several stress conditions at least in
tobacco.
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THE ROLES OF PHOTOSYNTHESIS AND THE HY5 TRANSCRIPTION FACTOR IN ASCORBATE-DEPENDENT
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Mike Page* (University of Exeter, UK), Nighat Sultana (University of Exeter, UK), Konrad Paszkiewicz (University of Exeter, UK),
Hannah Florance (University of Exeter, UK), Nicholas Smirnoff (University of Exeter, UK)
M.T.Page@exeter.ac.uk
Ascorbate and anthocyanins act as photoprotectants in response to high light (HL) exposure. They accumulate in Arabidopsis
leaves in parallel and reversibly in a light intensity-dependent manner, suggesting a relationship between the two. Analysis of
six Arabidopsis accessions demonstrated a strong positive correlation between ascorbate (HPLC) and anthocyanin (LC-MS/MS)
content after HL exposure. In addition, ascorbate-deficient vtc mutants were compromised in HL-induced anthocyanin
accumulation. Anthocyanin biosynthesis is controlled at the transcriptional level via a group of inducible transcription factors
(TFs). Some of these TFs, as well as nearly all anthocyanin biosynthetic genes, showed reduced induction (RT-PCR) after HL
in the vtc mutants. This was confirmed by mRNA-Seq in vtc2-1. Importantly, the much smaller HL-induced increase in flavonol
glycosides (whose synthesis pathway branches from the anthocyanin pathway) was unaffected by ascorbate deficiency, while
abscisic acid and jasmonic acid, hormones that could affect anthocyanin accumulation, were unaffected in vtc mutants. It has
previously been shown that DCMU (an inhibitor of electron transport out of photosystem II causing oxidation of the
plastoquinone electron acceptor) prevents HL-induced expression of genes involved in anthocyanin synthesis. Using a
VTC2::LUC reporter system, we have shown that DCMU also impairs VTC2 expression. Ascorbate and anthocyanin
accumulation is blocked in mutants of HY5, a TF that is involved in mediating chloroplast signals. Furthermore, HY5 binding
sites have already been identified in the VTC2 promoter sequence. These observations are consistent with a hypothesis that
HL generates a photosynthesis-derived signal that can act through HY5 to increase the ascorbate pool via VTC2 expression,
which in turn induces anthocyanin accumulation.
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FUNCTIONAL CHARACTERIZATION OF THE ARABIDOPSIS TRANSCRIPTION FACTOR RAP2.12

Csaba Papdi* (Biological Research Center, Hungary), Imma Pérez Salamó (Biological Research Center, Hungary), Beatrice
Giuntoli (Scuola Superiore Sant'Anna, Italy), Pierdomenico Perata (Scuola Superiore Sant'Anna, Italy), László Szabados
(Biological Research Center, Hungary)
papdi.csaba@brc.mta.hu
The alcohol dehydrogenase ADH1 gene is induced by several abiotic stress conditions including low oxygen, salt and osmotic
stress as well as by abscisic acid. The ERF/AP2-type transcription factor RAP2.12 was identified previously in our Conditional
cDNA Overexpressing System (COS) as activator of the pADH1::LUC reporter gene (Papdi et al. 2008, Plant Physiol. 147: 528–
542). ABA-dependent activation of pADH1::LUC was greatly enhanced and sustained over prolonged period by overexpression
of RAP2.12 and the related RAP2.2 and RAP2.3 transcription factors. Overexpression of the three related ERF/AP2 factors
resulted in inhibited root growth of transgenic plants on ABA containing media but enhanced survival when the plants subjected
to low oxygen stress. Overexpression of RAP2.12, RAP2.2 and RAP2.3 genes lead to upregulation of hypoxia marker genes in
the absence of stress and greatly enhanced expression when combined with low oxygen treatment. Transcript profiling of
RAP2.12 overexpressing lines lead to the identification of numerous target genes involved in stress adaptation. Enhanced
tolerance to osmotic and salt stress of the RAP2.12, RAP2.2 and RAP2.3 overexpressing lines was observed. Our results
suggest that these transcription factors have at least partially overlapping functions in modulating ABA sensitivity and contribute
to tolerance to several abiotic stress conditions.
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RELEASE OF SOS2 KINASE FROM SEQUESTRATION WITH GIGANTEA DETERMINES EXTREME SALT
TOLERANCE

Hee Jin Park* (Gyeongsang National University, Republic of Korea), Woe-Yeon Kim (Gyeongsang National University, Republic
of Korea), Zahir Ali (Gyeongsang National University, Republic of Korea), Su Jung Park (Gyeongsang National University,
Republic of Korea), Joon-Yung Cha (Gyeongsang National University, Republic of Korea), Sang Yeol Lee (Gyeongsang
National University, Republic of Korea), Dae-Jin Yun (Gyeongsang National University, Republic of Korea)
ckatowor@hotmail.com
Environmental challenges to plants typically entail retardation of vegetative growth and delay or cessation of flowering. We have
uncovered a link between flowering time gene, GIGANTEA (GI) and adaptation to salt stress and it is mechanistically related
with GI degradation under saline conditions with the known cessation of flowering. GI, an important switch in the photoperiod
pathway and circadian clock control, and the SNF1-related protein kinase SOS2 in the SOS (Salt-Overly-Sensitive) pathway
functionally interact. In the absence of stress the inhibition of SOS2 kinase activity due to its partition in a complex with GI
+
+
precludes activation of SOS1, the major plant Na /H -antiporter that mediates adaptation to salinity. GI over-expressing, rapidly
flowering plants show enhanced salt sensitivity, whereas gi mutants exhibit dramatically enhanced salinity tolerance and
delayed flowering. The absence of GI confers extreme salt tolerance by the release of the SNF1-related protein kinase SOS2 in
the SOS (Salt-Overly-Sensitive) pathway. The GI-SOS2 interaction introduces a higher order regulatory circuit that can explain
in molecular terms the long observed connection between flowering and stress perception initiating essential adaptive
responses to a changing environment.
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DISTINGUISHING THE FUNCTIONS OF LHCB1 AND LHCB2

Malgorzata Pietrzykowska* (Umeå Plant Science Centre, Department of Plant Physiology, Umeå University, Sweden), Anett Z.
Kiss (Umeå Plant Science Centre, Department of Plant Physiology, Umeå University, Sweden), Claudia Leoni (Umeå Plant
Science Centre, Department of Plant Physiology, Umeå University, Sweden), Stefan Jansson (Umeå Plant Science Centre,
Department of Plant Physiology, Umeå University, Sweden)
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m.pietrzykowska@plantphys.umu.se
The light energy coming from the sun is collected by the chlorophylls associated to the light harvesting antennae (LHC), built up
by Lhca and Lhcb proteins. Plants are constantly subjected to a changing light condition and they need to regulate their light
harvesting and two important regulatory processes are “qE” (energy-dependent quenching, dependednt on PsbS and
xanthophyll conversions) and “state transitions” allowing energy redistribution between photosystem I (PSI) and PSII. A fraction
of the major trimeric LHCII complexes (consiting of Lhcb1, Lhcb2 and Lhcb3 in various combinations) will upon phosphorylation
by the Stn7 kinase functionally attach to PSI instead of PSII. Lhcb1 and Lhcb2 are enormously abundant proteins and are
encoded by 5 and 3 almost identical genes respectively, which appears in tandem repeats on chromosomes that makes
generation of quintuple and triple T-DNA KO mutants practically impossible. In order to study the individual function of Lhcb1
and Lhcb2 we have developed the antibodies capable of distinguishing phosphorylated forms of Lhcb1 and Lhcb2, as well as
artificial micro RNA lines – amiLhcb1 and amiLhcb2 deficient in either Lhcb1 and Lhcb2, for the first time allowing for dissection
of their functions. Here we show that phosphorylation of Lhcb2 correlates with the first phase of state transition while Lhcb1 is
essential for the process to appear.
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A NEW CHLOROPLAST RETROGRADE PATHWAY FUNCTIONS IN DROUGHT, LIGHT AND ABSCISIC ACID
SIGNALLING IN ARABIDOPSIS LEAVES

Barry Pogson* (Australian National University, Australia), Gonzalo Estavillo (Australian National University, Australia), Wannarat
Pornsiriwong (Australian National University, Australia), Peter Crisp (Australian National University, Australia), Kai Xun Chan
(Australian National University, Australia), Su Yin Phua (Australian National University, Australia)
barry.pogson@anu.edu.au
Compartmentation of the cell, which has been critical to the success of Eukaryotes, requires a complex set of subcellular
messages including retrograde signals from the chloroplast and mitochondria to the nucleus to regulate gene expression.
Although proteins that participate in different signalling cascades in higher plants have been identified, the actual mobile signals
and their mechanism of action are debated. Here we demonstrate that a phosphonucleotide, PAP, accumulates in Arabidopsis
thaliana in response to drought and light stress and its levels are regulated in the chloroplast by a chloroplastic enzyme, SAL1.
PAP moves from chloroplast to the cytosol and nucleus where it inhibits the activity of exoribonucleases (XRN). Global
expression analyses showed that both SAL1 and XRNs modulate the expression of a very similar subset of genes. Equally
significant, the PAP pathway activated a novel abscisic acid (ABA) signalling pathway, independent of OST1 and ABI1,
restoring germination inhibition, stomatal closure and drought tolerance in ABA-insensitive mutants. Thus, a byproduct of
sulphur assimilation, PAP, functions as a retrograde signal regulating altering nuclear gene expression during high light and
drought stress.
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COMPARISON OF CYTOKININ, AUXIN AND ABSCISIC ACID RESPONSE DURING SALT STRESS IN SALTSENSITIVE ARABIDOPSIS AND SALT-TOLERANT THELLUNGIELLA

Sylva Prerostova* (Institute of Experimental Botany AS CR, Czech Republic), Petre Dobrev (Institute of Experimental Botany AS
CR, Czech Republic), Alena Gaudinova (Institute of Experimental Botany AS CR, Czech Republic), Radomira Vankova (Institute
of Experimental Botany AS CR, Czech Republic)
prerostova@ueb.cas.cz
Plant stress responses are regulated by phytohormones. In order to find potential correlation between hormonal levels and salt
stress strength, the levels of abscisic acid (ABA), auxin (indole-3-acetic acid, IAA) and cytokinin (CK) metabolites were
measured in salt-sensitive Arabidopsis thaliana and salt-tolerant Thellungiella halophila. Arabidopsis response was screened in
a range 2 – 150mM NaCl (11 concentrations). In apices, i) ABA elevation was accompanied by decrease of active CKs and their
precursors (CK phosphates); ii) the amount of cis-zeatin (cZ) increased; iii) auxin levels rose up to 10mM NaCl and then started
to decrease. In leaves, i) ABA levels began to grow at 10mM NaCl; ii) CK metabolites increased at higher salinity; iii) IAA
content exhibited mild maximum at 7.5 and 10mM NaCl. In roots, i) a subtle elevation of ABA was observed; ii) slightly
increased active CKs content was found in the whole NaCl range; iii) the fall of IAA was detected at 100 – 150 mM. Response of
Thellungiella was observed at a stimulatory (150mM) and an inhibitory concentration (350mM NaCl). At 150mM, i) the level of
ABA rose; ii) IAA dropped in apices and leaves and increased in roots; iii) CKs decreased in apices, but not in leaves or roots.
Apices of plants exposed to 350mM NaCl remained vital and healthy, whereas the leaves were severely injured. At 350mM, i)
ABA increased in apices; ii) the amount of IAA decreased and iii) CKs were slightly reduced, too. In comparison to Arabidopsis,
there was a higher amount of ABA in the roots of Thellungiella, IAA was nearly ten times higher in its apex and leaves.
Interestingly, all CKs were reduced except for cZ, which was increased. Achieved results will allow characterization of hormonal
changes accompanying responses to the salt stress of different strength and may thus contribute to the establishment of an
applicable strategy to increase salinity tolerance. This work was supported by MEYS project no. LD11073.
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METABOLISM AND GROWTH IN ARABIDOPSIS DEPEND ON THE DAYTIME TEMPERATURE BUT ARE
TEMPERATURE-COMPENSATED AGAINST COOL NIGHTS

Eva-Theresa Pyl* (Max Planck Institute of Molecular Plant Physiology, Germany), Maria Piques (Max Planck Institute of
Molecular Plant Physiology, Germany), Alexander Ivakov (Max Planck Institute of Molecular Plant Physiology, Germany),
Waltraud Schulze (Max Planck Institute of Molecular Plant Physiology, Germany), Hirofumi Ishihara (Max Planck Institute of
Molecular Plant Physiology, Germany), Mark Stitt (Max Planck Institute of Molecular Plant Physiology, Germany), Ronan
Sulpice (Max Planck Institute of Molecular Plant Physiology, Germany; National University of Ireland, Ireland)
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pyl@mpimp-golm.mpg.de
In their natural environment, plants are exposed to seasonal and diurnal fluctuations in temperature, with temperature being
usually lower at night than during daytime. These variations will influence plant metabolism and growth as temperature affects
almost all cellular and physiological processes. Numerous studies have been performed to decipher plant responses to cold
environment, but most of them have been done at constant daytime/night temperature. Here, we wanted to study the responses
of plant metabolism and growth to moderate changes in temperature that plants experience in their natural environment. We
reasoned that the response to daytime and night temperature may vary; while daytime temperature affects photosynthesis, night
temperature affects utilization of carbon that was accumulated in the light. Three Arabidopsis accessions were grown in
thermocycles with different daytime or night temperatures (12-24°C) and analyzed for biomass, photosynthesis, respiration,
enzyme activities, protein levels and metabolite levels. The data was used to estimate carbon allocation and growth rates in the
light and dark. Biomass formation was under almost exclusive control of daytime temperature. Low daytime temperature
decreased photosynthesis and, even more strongly, growth. This inhibition was partly ameliorated by increase in overall protein
content. Low night temperature had no effect on growth, protein content or the rate at which stored carbon was used for growth.
Moreover, we could show that in warm nights, there is excess capacity for carbon utilization and growth. We propose that this
unused capacity is recruited when night temperature decreases. This buffers carbon mobilization and growth against
fluctuations in night temperature. As examples, the rate of starch degradation is completely temperature-compensated, even
against sudden changes in temperature, and polysome loading increased when the night temperature is decreased.
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NAC TRANSCRIPTION FACTOR EARLY QUIT CONTROLS SENESCENCE BY AFFECTING ETHYLENE
BIOSYNTHESIS IN ARABIDOPSIS THALIANA

Mamoona Rauf* (University of Potsdam and MPIMP, Germany), Muhammad Arif (University of Potsdam and MPIMP, Germany),
Hamad Siddiqui (University of Potsdam, Germany), Gang-Ping Xue (CSIRO Plant Industry, Australia), Salma Balazadeh
(MPIMP, Germany), Bernd Mueller-Roeber (University of Potsdam and MPIMP, Germany)
rauf@mpimp-golm.mpg.de
Leaf senescence is a highly complex, genetically programmed process that defines the final phase of leaf development. Onset
and progression of leaf senescence are accompanied by dramatic changes in cellular metabolism. Many members of the NAC
transcription factor (TF) family are known to show enhanced expression during senescence. We started to functionally
characterize some selected NAC TFs to study their role for plant senescence. One of them we dubbed EARLY QUIT (EQT) due
to the fact that its overexpression accelerated senescence in Arabidopsis thaliana, while knocking out its function delayed
senescence. DAB and NBT staining revealed an over-accumulation of reactive oxygen species (ROS) in CaMV 35S
overexpressors, while ROS formation was reduced in an eqt knock-out mutant compared to wild type. To investigate the
regulatory network downstream of EQT, we determined its preferred binding site by BSSA (binding site selection assay) and
performed microarray-based expression profiling using estradiol-inducible EQT overexpression lines. Our studies identified
several putative direct target genes, including ACC OXIDASE 5 (ACO5), which encodes the ethylene forming enzyme 1aminocyclopropane-1-carboxylic acid (ACC) oxidase. Transactivation assays using Arabidopsis mesophyll cell protoplasts
confirmed EQT to be an upstream activator of ACO5, and immunoblot analysis revealed an over-accumulation of ACC oxidase
protein upon estradiol induction. EQT binds to the ACO5 promoter, as shown by electrophoretic mobility shift assay (EMSA) and
ChIP-PCR. EQT expression itself is triggered by treatment with ACC (the ethylene precursor), indicating a positive feedback
loop. We conclude that EQT controls a senescence regulatory pathway that triggers ethylene formation through activation of
ACC OXIDASE 5 and additionally impinges on ROS formation during senescence.
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MOLECULAR AND PHYSIOLOGICAL ANALYSIS OF THE DROUGHT ESCAPE RESPONSE IN ARABIDOPSIS

Matteo Riboni* (University of Milan, Italy), Massimo Galbiati (University of Milan, Italy), Chiara Tonelli (University of Milan, Italy),
Lucio Conti (University of Milan, Italy)
matteo.riboni@unimi.it
Plants are sessile organisms and rely on their flexible growth and developmental programme to cope with a variety of
environmental conditions. During the floral transition a switch between the vegetative and reproductive phase occurs. Plants
evolved a complex gene network to detect and integrate internal and environmental cues to allow the floral transition to coincide
with most favourable conditions. In Arabidopsis thaliana four main flowering pathways have been defined: the photoperiodic, the
autonomous, the vernalization and the gibberellins. These are responsible for the receipt and signalling of the major internal and
environmental signals, namely annual fluctuations in day length (photoperiod) or temperature (vernalization). However,
evidence indicates the existence of additional flowering pathways, which may allow plants to fine tune the timing of the floral
transition. These include the integration of signals derived from ambient temperature, nutrient availability and several abiotic
stresses such as UVC exposure and salinity in the soil. These cues often produce opposing effects on flowering, implying that
plants are able to discriminate several kinds of external inputs and translate them into adaptively significant behaviours, so as to
maximise their chance of survival. Under a restricted watering regime Arabidopsis plants produce an early flowering phenotype
known as “drought escape” response (DE). Although the DE response has been well documented in several species, it is still
poorly characterised at the molecular level. Data will be presented illustrating our experimental approach and the
characterization of mutants affected in the DE response. In particular we find that the photoperiodic pathway and the ABA
hormone play a central role in the DE response.

222

THE ROLE OF ANNEXIN 1 IN PLASMA MEMBRANE PROTECTION IN ARABIDOPSIS
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Wojciech Rymaszewski* (Institute of Biochemistry and Biophysics PAS, Warsaw), Małgorzata Lichocka (Institute of
Biochemistry and Biophysics PAS, Warsaw), Jacek Hennig (Institute of Biochemistry and Biophysics PAS, Warsaw), Dorota
Konopka-Postupolska (Institute of Biochemistry and Biophysics PAS, Warsaw)
wrymaszewski@ibb.waw.pl
Annexins constitute a family of proteins able to bind negatively-charged phospholipids in the presence of calcium, thus they can
possibly play an important sensory role in calcium signaling pathway. Our previous studies showed the increase of AnnAt1
mRNA level in A. thaliana leaves during various stress treatments. Moreover, plants overexpressing annexin 1 were more
drought tolerant and knockout plants were less drought susceptible than A. thaliana Col-0 plants. We also observed that the
level of annexin 1 is negatively correlated with ROS production after ABA treatment. The aim of present studies is to reveal the
mechanism of membrane protection by annexin 1. Our working hypothesis assumes that it can act in three separate ways. The
first model proposed by us implies that annexin 1 can shield plasma membrane from ROS and therefore minimize the level of
lipid peroxidation. To verify this hypothesis the estimation of malonyldialdehyde, a marker of lipid peroxidation during different
abiotic stresses resulting in oxidative burst (drought, salt stress) will be conducted in plants with different AnnAt1 mRNA
expression level. The second possibility is that annexin 1 can take part in plasma membrane resealing processes. Some data
indicating that such mechanism is also essential for plant adaptation and we hypothesize that annexins could be a member of
protein complex engaged in it. To verify this model the quantification of survival rate of permeabilized protoplasts derived from
lines with different AnnAt1 mRNA expression is carried on. The third proposed mechanism implies that annexin 1 is able to
interfere with the major signaling pathways, particularly associated with lipid signaling. Results testifying the ability of annexin 1
to protect membranes against phospholipase D-mediated lipolysis will be present. Summarizing, we propose that annexin1 can
be a universal factor, able to act in different ways to protect plasma membrane during various abiotic stresses.
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SCREENING OF 26S PROTEASOME-REGULATED PROTEINS INVOLVED IN BORON TOXICITY TOLERANCE IN
ARABIDOPSIS THALIANA

Takuya Sakamoto* (Tokyo University of Science, Japan), Naoyuki Sotta (The University of Tokyo, Japan), Masayuki Fujiwara
(Nara Institute of Science and Technology, Japan), Yoichiro Fukao (Nara Institute of Science and Technology, Japan),
Sachihiro Matsunaga (Tokyo University of Science, Japan), Toru Fujiwara (The University of Tokyo, Japan)
sktk317@yahoo.co.jp
An essential element, boron (B), becomes toxic when it is accumulated in excess in plants. To understand the molecular
mechanism of B toxicity, we isolated several Arabidopsis mutants exhibiting high B sensitivity in terms of root growth. Through
genetic analyses, one of them had been identified as a mutant of RPT5a gene that encodes a 19S regulatory subunit of 26S
proteasome. 26S proteasome is composed by 20S and 19S sub-particles and mediates degradation of poly-ubiquitinated (Ub)
proteins. As 19S is known to function in recognizing the substrates of proteasome, we hypothesized that RPT5a had a crucial
role in the substrate recognition in response to B toxicity. If so, poly-Ub proteins regulated by RPT5a would be accumulated
specifically in rpt5a under B toxicity. In this study, to validate this hypothesis, we conducted the screen of poly-Ub proteins with
the potential to determine the sensitivity to B toxicity by means of quantitative and qualitative proteome analyses of affinitypurified poly-Ub proteins in roots. Qualitative LC-MS/MS by using iTRAQ labeling found that 27 proteins were highly
accumulated under high-B both in the wild type and rpt5a, and the extents of accumulation of these proteins were higher in
rpt5a. Using quantitative LC-MS/MS after in gel digestion of 1D electrophoresis, we found that 13 proteins were specifically
detected in rpt5a treated with excess B. The proteins identified in two different analyses did not overlap and included
microtubule-associated protein, NAC type transcription factor, MAP kinase, chromatin remodeling ATPase, and so on. 17
proteins for quantitative analysis and 11 rpt5a with B specific proteins for qualitative analysis had at least one motif associated
with proteasome dependent degradation. These results suggested that some proteins needed to be degraded through
proteasome under B toxicity. Now we are investigating the involvement of the identified proteins in the determination of B
sensitivity in Arabidopsis. (1994 characters including space)
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EXPLORING THE INTERFACE BETWEEN ROOT DEVELOPMENT AND ENVIRONMENTAL RESPONSE USING
GENOME WIDE ASSOCIATION MAPPING

Santosh Satbhai* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Bonnie Wolhrab (Gregor Mendel Institute of
Molecular Plant Biology, Austria), Wolfgang Busch (Gregor Mendel Institute of Molecular Plant Biology, Austria)
santosh.satbhai@gmi.oeaw.ac.at
Plant development is highly plastic and is profoundly influenced by the environment. The sessile life style of plants has led to the
development of diverse mechanisms required for the perception and response to fluctuating environments. Drought, changing
temperatures, lack of sufficient nutrients, exposure to toxic minerals, and soil compaction are just a few examples of the
environmental constraints that roots are exposed to during plant growth and to which they respond by altering their
developmental program. While the perception of environmental changes and subsequent signaling mechanisms are diverse, it
is reasonable to assume that there is a common interface that integrates the diverse stimuli with the developmental responses.
By using a variety of growth conditions and observing the developmental outcomes of those perturbations, we aim to infer the
common regulatory mechanisms. To this end we have phenotyped and quantified ~200 A. thaliana accessions for root growth
traits in different growth conditions using semi-automated image analysis. We determined large variation for root development
0
0
under Iron (Fe), Sulfur (S), Phosphorous (P) depleted as well as low temperature (10 C) high temperature (29 C) and low pH
(4.6) conditions. We then conducted genome wide association (GWA) mapping for traits of single conditions and could identify
several associated genome regions. Notably, we could identify three members of the CLAVATA3/ESR-RELATED (CLE) gene
family that are in close proximity of significantly associated genome regions under Fe deficiency. Furthermore, we are
establishing a computational pipeline for the integrative data mining of the association data of those different growth conditions
to identify genes and regulatory networks that are part of an interface between environmental response and development.
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COMPARATIVE ANALYSIS OF THE MECHANISMS UNDERPINNING SALT TOLERANCE IN PLANTS

Aayush Sharma* (Newcastle University, United Kingdom), Anne Borland (Newcastle University, United Kingdom), Jeremy
Barnes (Newcastle University, United Kingdom), Tahar Taybi (Newcastle University, United Kingdom)
aayush.sharma@ncl.ac.uk
High salt concentrations in soil are a leading cause of salt stress restraining crop production in different parts of the globe. It is
anticipated that stresses from the abiotic factors including salinity will result in over 50% decrease in average yield of major
crops under current agricultural practices by 2050. Therefore, extensive work has been conducted during last 20 years to
understand the basic mechanisms for salt-tolerance. The obtained knowledge has started to develop plants with higher
resistance to environmental stresses including salinity. Differential expression of a set of key genes might play a crucial role in
the salinity tolerance trait among few species. However, in recent research the data supporting this hypothesis lack details in
terms of what is important in the observed differential response, the timing or the amplitude of the responses or both. This
project aimed at exploring in details the hypothesis and to find out the main mechanisms for the observed differential gene
regulation under salt-stress between Arabidopsis thaliana and Thellungiella halophila. We aimed at analyzing and comparing
the kinetics of salt-stress responses as well as level (amplitude) of these salt-stress responses exhibited by these two
contrasting plant systems in terms of salt-tolerance, through a time course. This analysis involved comparisons at both, very
early stages of salt-stress (first 48 hours) and after prolonged salt-stress up to 10 days. The analyzed responses included the
physiological responses (growth, photosynthesis), metabolic responses (production of osmo-regulators) and gene responses
(P5CS1 and SOS1 genes). Our results suggest that the difference in the kinetic of the responses to salt-stress might contribute
to the higher salt-tolerance exhibited by T. halophila by responding faster to salt-stress than A. thaliana.
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IDENTIFICATION OF VIN3 UPSTREAM COMPONENTS IN VERNALIZATION PATHWAY

Jinwoo Shin* (Seoul National University, Korea), Jihyeon Yu (Seoul National University, Korea), Youbong Hyun(Max Planck
Institute for Plant Breeding Research, Germany), Ilha Lee (Seoul National University, Korea)
sjinu37@snu.ac.kr
Vernalization, a long term cold inducing acceleration of flowering, is one of the important environmental factors to determine the
timing of flowering in plants. In Arabidopsis, mitotically stable repression of floral repressor, FLC, is a crucial mechanism for the
vernalization-dependent acceleration of flowering. Transcriptionally activated PHD finger domain protein VERNALIZATION
INSENSITIVE 3 (VIN3) is known to induce the repression of FLC chromatin. However, the question how plants can perceive the
winter signal is still elusive. One way to reveal the question is to isolate VIN3 upstream components. For this purpose, we
generated a transgenic line with the promoter of VIN3 fused to GUS reporter gene and performed Agrobacterium-mediated
activation tagging mutagenesis. Currently, we have isolated 1 vernalization insensitive mutant (X79) which shows decreased
expression of VIN3 in vernalization, and 2 vernalization hypersensitive mutants (p393, p545) which show increased expression
of VIN3 without vernalization. p393 and p545 show additional morphological phenotypes in SAM, leaf, silique, etc. The cloning
of the corresponding genes are in progress.
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HEAT-STRESS IN TRANSGENIC ARABIDOPSIS THALIANA PLANTS WITH INDUCIBLY-INCREASED LEVELS OF
ENDOGENOUS CYTOKININS.

Jan Skalák* (Mendel University in Brno & Institute of Biophysics AS CR, v.v.i Brno, Masaryk Universtity in Brno, Faculty of
Science, Czech Republic), Martin Černý (Mendel University in Brno & Institute of Biophysics AS CR, v.v.i Brno, CEITEC
MENDELU, Czech Republic), Petr Jedelský (Charles University in Prague, Faculty of Science, Czech Republic), Radka
Vaňková (Institute of Experimental Botany AS CR, v.v.i. Prague, Czech Republic), Břetislav Brzobohatý (Mendel University in
Brno & Institute of Biophysics AS CR, v.v.i Brno, CEITEC MENDELU, Czech Republic)
skalak.jan7@gmail.com
Plants are not able to solve problems with adverse enviromental conditions by active movement. Therefore, plants have
developed sophisticated system of hormonal regulations, that lead to compensation and appropriate responses. Cytokinin (CK)
is one of the most important hormone. CK controls many physiological aspects and developmental processes. In this work, we
studied responses of plants with elevated levels of cytokinins to aplication of heat stress to different parts of plant body. Plants
were treated by heat stress for up to 3 hours: heat stress from above (leaves), heat stress from below (roots) and heat stress on
the whole plant. The differences in heat-stress perception in roots and leaves between individual experiments were evident in
first 30 minutes of treatment. Plants were subjected to proteomic and hormonal analysis. We found 102 differentialy regulated
proteins in leaves and 36 differentialy regulated proteins in roots by 2D gel electophoresis followed by MALDI MS analysis. We
measured levels of all major phytohormones and their respective derivates, and 21 transcripts of marker genes linked to
hormonal signalling pathways. We observed many differences between control plants (Col) and transgenic plants according to
relevant type of heat-stress, which correlated with the physiological status of the treated plants.
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PHYTOHORMONE AND PHYTOCHELATIN METABOLISM IN ARABIDOPSIS THALIANA EXPOSED TO CADMIUM,
COPPER AND ZINC IN DIFFERENT COMBINATIONS
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Adriano Sofo* (University of Basilicata, Italy), Antonella Vitti (University of Basilicata, Italy), Antonio Scopa (University of
Basilicata, Italy), Giuseppe Tataranni (University of Basilicata, Italy), Maria Nuzzaci (University of Basilicata, Italy), Jaco
Vangronsveld (University of Hasselt, Belgium), Tony Remans (University of Hasselt, Belgium), Maria De Benedictis (University
of Parma, Italy); Luigi Sanità di Toppi (University of Parma, Italy)
adriano.sofo@unibas.it
Excess cadmium (Cd), copper (Cu) and zinc (Zn) are known to induce stress effects in plants. However, while Cu and Zn are
part of many cell macromolecules, plants have no known metabolic function for Cd. Arabidopsis thaliana L. can be considered a
model plant for -studies on metal homeostasis/detoxification, as its biochemical, physiological and morphological features are
strongly affected by metal exposure. In this work, seedlings of A. thaliana were exposed to Cd, Cu and Zn at concentrations of
10, 5 and 150 µM, respectively. After 12 days of exposure to metals, applied separately or in combinations, plant shoots and
roots were sampled and analyzed for morphological analysis (microscopy), metal content (ICP-MS), phytohormone and
phytochelatin (PC) levels (LC-MS), and expression of the genes involved in phytohormone and PC metabolism (q-PCR).
Microscopic analysis revealed that the root morphology, in terms of root apex number, branching degree and mean diameter,
was strongly affected by metal exposure, both alone or in combination. The differentiated growth patterns observed in shoots
and roots were accompanied by different levels and ratios of auxins and cytokinins and the main regulatory genes involved in
auxin and cytokinin synthesis (NIT1 and IPT7) and degradation (AAO1 and CKX1) were regulated by the metal treatments.
Phytochelatin synthesis was significantly induced by all metals, but the expression of the genes involved in glutathione and PC
biosynthesis (GSH1, GSH2, PCS1 and PCS2) was not influenced. This study could reveal cross-talks between phytohormones
and PC metabolism in A. thaliana plants growing in a metal multi-pollution context.
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THE ROLE OF GRO/TUP1 CO-REPRESSOR COMPLEXES IN THE PLANT CIRCADIAN CLOCK

David Somers* (The Ohio State University, USA/POSTECH, South Korea), Jeongsik Kim (The Ohio State University, USA), Lei
Wang (The Ohio State University, USA)
somers.24@osu.edu
Circadian clocks are ubiquitous molecular time-keeping mechanisms that coordinate physiology and metabolism and provide an
adaptive advantage to higher plants. The central oscillator of the plant clock is composed of multiple interlocked feedback loops.
Pseudo Response Regulators (PRRs) are essential components of the central oscillator which comprise a five-member gene
family. Among the multi-interlocked loops, PRR5, PRR7 and PRR9 are capable of repressing the transcription of CCA1/LHY
through an unknown mechanism. Here we report that members of the plant Gro/Tup1 co-repressor family can interact with
these PRR proteins, and associate with the promoters of CCA1/LHY to repress transcription only in the presence of PRR5,
PRR7 and PRR9. Knock-down of this gene family significantly lengthens circadian period. Our findings show that Gro/Tup1
corepressors are novel components of the central circadian oscillator and reinforces the role of this family as a central
component in multiple signaling pathways in higher plants. Since the expression of some of these components are also clock
regulated, our findings further suggest a novel link between multiple signal transduction pathways and the circadian clock.
Recent results in the characterization of this complex will be presented.
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PHOSPHORYLATION - MEDIATED STRESS SIGNALING AND REDOX REGULATION

Hansjörg Stampfl* (GMI-Gregor Mendel Institute of Molecular Plant Biology, Austria), Silvia Dal Santo (GMI-Gregor Mendel
Institute of Molecular Plant Biology, Austria), Julia Krasensky (GMI-Gregor Mendel Institute of Molecular Plant Biology, Austria)
and Claudia Jonak (GMI-Gregor Mendel Institute of Molecular Plant Biology Vienna, Austria)
hansjoerg.stampfl@gmi.oeaw.ac.at
A major consequence of various stresses is the excessive formation of Reactive Oxygen Species (ROS). Therefore, redox
adjustment via the cellular antioxidant system is central to stress response. However, little is known about the signal
transduction pathways that regulate the antioxidant system to counteract oxidative stress. Here we show that ASK5, a
serine/threonine protein kinase from Arabidopsis thaliana, regulates salt stress tolerance by activating glucose-6-phosphate
dehydrogenase (G6PD). G6PD is a major enzyme of the oxidative pentose phosphate pathway, essential for maintaining the
cellular redox balance. Plants deficient in ASK5 show reduced G6PD activity, elevated levels of ROS and are more sensitive to
high salinity conditions, whereas plants overexpressing ASK5 have an increased G6PD activity and lower levels of ROS in
response to stress. Salt stress enhances ASK5 protein kinase activity which than phosphorylates and thereby stimulates the
enzymatic activity of a cytosolic isoform of G6PD in vivo. These results reveal a novel mechanism of G6PD adaptive regulation,
critical for maintaining the cellular redox state during stress response.
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GENOME-WIDE ANALYSIS OF EGL3- AND TT8 TRANSCRIPTION FACTOR BINDING SITES USING CHIP-SEQ

Ralf Stracke* (Bielefeld University, Germany), Oliver Jahns (Bielefeld University, Germany), Verena Düttmann (Bielefeld
University, Germany), Tobias Jakobi (Bielefeld University, Germany), Jochen Blom (Bielefeld University, Germany), Bernd
Weisshaar (Bielefeld University, Germany)
ralf.stracke@uni-bielefeld.de
Flavonoids are a class of plant secondary metabolites playing important roles in various plant functions such as pigmentation,
protection against UV light damage and phytopathogens, fertility and dormancy. The most visible function of the flavonoids is
the formation of red and purple anthocyanin pigments. Anthocyanins are synthesized by the coordinated, consecutive action of
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several biosynthetic enzymes, which are transcriptionally regulated by combinatorial action(s) of transcription factors expressed
in a spatially and temporally controlled manner. Anthocyanin biosynthesis is regulated by a MBW protein complex, composed of
a WD40-repeat (WDR) protein, a PRODUCTION OF ANTHOCYANIN PIGMENT (PAP)-group R2R3-MYB transcription factor
and a R-like basic helix-loop-helix (bHLH) protein. Here we focus on the genome-wide analysis of target binding sites of the
MBW bHLH proteins ENHANCER OF GLABRA3 (EGL3/bHLH2) and TRANSPARENT TESTA8 (TT8/bHLH42) in developing
seedlings. Using probHLH::GFP:bHLH complemented bHLH loss-of-function seedlings and α-GFP antibodies, we performed
chromatin immunoprecipitation and analysed the precipitated DNA-fragments by Illumina sequencing (ChIP-seq). In vivo binding
could be shown to known target promoters of the biosynthesis genes DFR and LDOX, indicating reliability of the ChIP-seq data.
The EGL3 and TT8 ChIP-Seq experiments mapped enriched binding sites associated to several hundred genes. The new
identified putative target-binding sites for EGL3 and TT8, will broaden the knowledge of regulatory networks controlled by MBW
bHLH proteins.
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THE HEAT SHOCK FACTOR HSFA4A CONTROLS OXIDATIVE STRESS RESPONSES IN ARABIDOPSIS.

László Szabados* (Biological Research Center, Hungary), Imma Pérez Salamó (Biological Research Center, Hungary), Csaba
Papdi (Biological Research Center, Hungary), Gábor Rigó (Biological Research Center, Hungary), Laura Zsigmond (University
of Szeged, Hungary), István Nagy (Baygen Institute, Hungary)
szabados.laszlo@brc.mta.hu
Adverse environmental conditions lead to the accumulation of reactive oxygen species (ROS) in plants, which generates
oxidative stress. Plants have several mechanisms to reduce ROS levels and diminish oxidative damage. Regulation of such
defenses is however not well known and is subject of intensive research. To identify new factors which control such stress
responses in plants, a novel screening strategy was developed in our laboratory. Arabidopsis cell suspension cultures were
transformed with the COS cDNA library (Papdi et al., 2008, Plant Physiol. 147: 528–542), and screened for salt tolerance. The
heat shock transcription factor A4A (HSFA4A) was identified as one of the factors which was able to confer salt tolerance of the
transformed calli. Overexpression of HSFA4A in Arabidopsis plants could improve tolerance to various stresses provoked by
salinity, heavy metal, and oxidative agents. Reduced accumulation of hydrogen peroxide and oxidative damage could be the
physiological background of enhanced stress tolerance. Stress-dependent dimerization and nuclear accumulation of HSFA4A
was shown with BiFC. Transcript profiling revealed that HSFA4A controls activation of several transcription factors, defenserelated genes and chaperones. Our data suggest, that HSFA4A can mediate ROS signals and regulates defenses against
various abiotic stress conditions with oxidative component.
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TOWARD UNDERSTANDING OF SYSTEMIC LIGHT SIGNALING

Han Tang* (Institute of Plant and Microbial Biology, Taiwan), Tien-Shin Yu (Institute of Plant and Microbial Biology, Taiwan)
littlecat921@yahoo.com.tw
Light plays a pivotal role in regulation of plant developmental events. In addition to the local light signal, it has long been known
that light may systemically orchestrate many developmental processes. However, what is the molecular nature of systemic light
signals, and how diverse the systemic light signals participated remains to be elucidated. To explore the complexity of systemic
light signaling, we developed a system to separate the perception of photoperiods between inflorescence and rosette leaves by
covering Arabidopsis inflorescence with aluminum foil. The expression profiling analyses revealed that the perception of light in
rosette leaves is sufficient to modulate gene expression in apex, which supports that the leaf-born systemic light signals may
traffic to apex for gene orchestration. Further irradiation of rosette leaves with different light qualities showed that blue or far-red
light may systemically trigger specific light-responses. Taken together, we proposed that at least two parallel systemic light
signals may contribute to the long-distance light regulation.
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ISOLATION AND ANALYSIS OF DGE1, DGE2 AND DTL GENES INVOLVED IN GRAVITROPISM IN ARABIDOPSIS
THALIANA

Masatoshi Taniguchi* (Nara Institute of Science and Technology, Japan), Moritaka Nakamura (Nara Institute of Science and
Technology, Japan), Khota Iijima (Nara Institute of Science and Technology, Japan), Toyohito Fushita (Nara Institute of Science
and Technology, Japan), Masao Tasaka (Nara Institute of Science and Technology, Japan), Miyo Terao Morita (Nara Institute of
Science and Technology, Japan)
masa-taniguchi@bs.nasit.jp
To isolate novel genes involved in inflorescence stem gravitropism in Arabidopsis, we performed microarray analysis and
compared gene expression profiles of inflorescence stems between wild type and mutants; sgr1/scr, sgr7/shr and eal1. The
DGE (DOWN-REGULATED GENES IN EAL1) genes were commonly down-regulated in all three mutants. DGE genes were
including DGE1 and DGE2. DGE1 has low sequence similarity to Oriza sativa LAZY1 involved in shoot gravitropism in rice. We
have demonstrated that a T-DNA insertion mutant of DGE1 exhibits reduced gravitropism in inflorescence stem in Arabidopsis.
On the other hand, DGE2 encodes a protein of unknown function having a short C-terminal sequence homologous to that of
DGE1. Arabidopsis has also DTL (DGE TWO-LIKE GENE) gene, encoding the protein which has 64% identity to DGE2. In
dge2dtl double T-DNA insertion mutant, lateral root grew horizontally or upward and this phenotype was seemed to be involved
in root gravitropism. Its gravitropism of main root was reduced compared with wild-type plant. Furthermore dge1dge2dtl triple
mutant showed remarkable defect of gravitropism in inflorescence stem, hypocotyl, and root. Sedimentation of endodermal
amyloplast in this triple mutant appeared normal. GUS expression analysis showed that DGE1, DGE2 and DTL are commonly
expressed in the endodermis of inflorescence stem and hypocotyl, and that DGE2 and DTL also are expressed in main root tips
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and lateral root tips including columella cells. Our results suggest that these genes synergistically contribute to gravitropism not
only in shoot, but also in root, and that they are involved in early event(s) of gravitropism occurred in the statocyte but not
involved in amyloplast sedimentation.
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ROLE OF SNRK1 IN CONVERGENT RESPONSES TO STRESS

Filipa Tome* (Bayer CropScience, Belgium), Henning Redestig (Bayer CropScience, Belgium), Elena Baena-González (Instituto
Gulbenkian de Ciência, Portugal), Johannes Hanson (Utrecht University, The Netherlands), Matthew A. Hannah (Bayer
CropScience, Belgium)
filipa.tome@bayer.com
Stress impacts negatively on plant growth and productivity of crops, causing extensive losses to agricultural production
worldwide. Throughout their life, plants are often confronted with multiple types of stress that affect overall cellular energy status
and lead to convergent transcriptional changes. This transcriptome reprogramming in response to stress is orchestrated by the
evolutionary conserved energy sensor protein kinase SnRK1. Upon activation by stress, SnRK1 triggers extensive
transcriptional changes in order to adjust metabolism to the new status and promote cell survival. This response includes the
activation of genes that promote catabolism and autophagy and the repression of biosynthetic processes. To better understand
the role of the SnRK1 signalling pathway and unravel potential new key players in this response, we are following a multidirectional approach that involves molecular, phenotypic and computational analyses. We intend to combine all these
approaches in order to have an overview of the pathway and gain new insights into the role of SnRK1 in the plant response to
stress. Identifying how the plant copes with stress is of major importance for agriculture as it provides new tools for engineering
more tolerant plants.
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REGULATION OF GENE EXPRESSION DURING EARLY STAGE OF ANOXIA-REOXYGENATION IN ARABIDOPSIS

Kuen-Jin Tsai* (Institute of Plant Biology, National Taiwan University, Taiwan; Agricultural Biotechnology Research Center,
Academia Sinica, Taiwan), Ming-Che Shih (Institute of Plant Biology, National Taiwan University, Taiwan; Agricultural
Biotechnology Research Center, Academia Sinica, Taiwan)
aletent99@gmail.com
Oxygen deprivation stress in plants can be distinguished by three different physiological states: transient hypoxia, anoxia, and
reoxygenation. Reoxygenation injury has been well-documented in animal models, but the signaling pathway is less studied in
plants. We have developed a platform to monitor the events occurring during reoxygenation in Arabidopsis. Our data showed
that “mild reoxygenation” (3% oxygen re-supply after anoxia stress) could reduce the damage caused by “strongreoxygeneation” in which plants were directly exposed to air after anoxic treatment, suggesting the existence of reoxygenation
injury in plants. Moreover, we discovered that ethylene insensitive mutant ein2-5 displayed severe damage phenotype
compared to wild-type during anoxia-reoxygenation treatment (exposed to air). This phenotype could not be clearly observed in
mild reoxygenation (exposed to 3% oxygen) condition, indicating ethylene might also play important roles in response to
reoxygenation stress. To investigate the changes of early gene expression in this process, we will further apply the microarray
assay to globally identify genes that are regulated in early stages of reoxygenation.
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ATM- AND ATR-MEDIATED RESPONSE TO DNA DOUBLE-STRAND BREAKS IN ARABIDOPSIS

Masaaki Umeda*, Sumiko Adachi, Soichi Inagaki (Nara Institute of Science and Technology, Japan), Katerina Bisova (Institute
of Microbiology, ASCR, Czech Republic)
mumeda@bs.naist.jp
The DNA damage checkpoint is a regulatory mechanism that is essential to precisely transmit genomic information to daughter
cells. In yeast and animals, it leads to cell cycle arrest that allows cells to repair damaged DNA, or induces apoptosis. Plants are
continuously threatened by various DNA-damaging stresses, thus the mechanism underlying genotoxic stress response is a
kind of survival strategies. Here we show that DNA double-strand breaks induce cell cycle arrest in the Arabidopsis root
meristem and cause an early onset of endoreduplication. These responses require the sensor kinases ATM and ATR, and also
the plant-specific transcription factor SOG1, which functions downstream of the two kinases. We found that expression of
factors inhibiting the CDK activity was elevated upon DNA damage, and that ATM is essential for this transcriptional response.
We also revealed that the protein level of B2-type CDK was rapidly reduced after DNA damage in an ATR-dependent manner.
These results indicate that the SOG1 function is differentially controlled under the ATM- and ATR-dependent pathways to
coordinate expressions of multiple cell cycle regulators, leading to cell cycle arrest and endoreduplication. We shall report a new
Arabidopsis mutant that displays tolerance to DNA double-strand breaks, and Chlamydomonas mutants with altered expression
pattern of WEE1 upon DNA damage.
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THE ARABIDOPSIS PLAT DOMAIN PROTEIN1 IS INVOLVED IN THE CROSSTALK BETWEEN ABIOTIC AND
BIOTIC STRESS RESPONSES
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Eric van der Graaff* (University of Graz, Austria), Tae Kyung Hyun (Gyeongsang National University, Korea), Alfonso Albacete
(CEBAS-CSIC, Spain), Seung Hee Eom (Gyeongsang National University, Korea), Dominik Kilian Großkinsky (University of
Graz, Austria), Ursula Janschek (University of Graz, Austria), Thomas Roitsch (University of Graz, Austria)
eric.van-der-graaff@uni-graz.at
Plants are subjected to a large variety of abiotic and biotic stress conditions, which can have a strong negative impact on overall
plant fitness. The plant hormone abscisic acid (ABA) regulates different aspects of plant development and is the major plant
hormone regulating tolerance towards abiotic stress conditions such as drought, salinity and less prominently cold. In contrast,
biotic stress responses are in general negatively regulated by ABA. Our understanding how the ABA signalling pathway results
in such antagonistic effect on stress tolerance in higher plants is still unclear. In Arabidopsis, only for a small percentage of the
predicted genes experimental evidence concerning their function is available. The Arabidopsis PLAT domain protein 1 (AtPDP1)
is member of the PLAT-plant-stress subgroup and harbours a single PLAT (Polycystin, lipoxygenase, alpha-toxin, and
triacylglycerol lipase) domain. T-DNA insertional mutants for AtPDP1 exhibited a reduced abiotic stress tolerance, whereas
AtPDP1 overexpression conferred increased abiotic stress tolerance, but reduced the tolerance towards pathogen infections.
AtPDP1 expression was induced by ABA and abiotic stress treatments, while phenotypic changes related to AtPDP1 function
are similar to altered ABA signalling. Gel-shift analysis showed that the AtPDP1 promoter is a direct target of the ABF
transcription factors, which are positive downstream regulators in the ABA signalling pathway. Thus, we showed that the
previously uncharacterised PLAT-plant-stress AtPDP1 protein is a direct ABF target and critically functions as novel
downstream component in the ABA signalling pathway, by employing a combination of physiological and genetic approaches.
The identification of AtPDP1 as regulator of the crosstalk between abiotic and biotic stress responses opens possibilities to
characterise this important regulatory mechanism in stress tolerance.
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DIFFERENTIAL PHASE SHIFTS OF THE CLOCK AND CLOCK REGULATED PROCESSES UNDER NEGATIVE DIF
TREATMENT INHIBITS GROWTH

Sander van der Krol* (Plant Physiology, Wageningen University, the Netherlands), Ralph Bours (Plant Physiology, Wageningen
University, the Netherlands), Marielle Schreuder (Plant Physiology, Wageningen University, the Netherlands), Cheon
MengFoong (Plant Physiology, Wageningen University, the Netherlands), Van Nguyen Thi Hoang (Plant Physiology,
Wageningen University, the Netherlands), Martijn van Zanten (University of Utrecht, the Netherlands), Ronald Pierik (University
of Utrecht, the Netherlands), Harro Bouwmeester (Plant Physiology, Wageningen University, the Netherlands)
sander.vanderkrol@wur.nl
In horticultural practice, Negative DIF treatment (warm night, cold day) is used to keep crops compact. Indeed, compared to
Positive DIF treatment (cold night, warm day) leaf elongation in Arabidopsis is reduced by 40%. In order to investigate the
physiological and molecular bases of impaired growth under Neg.DIF we analyzed growth related leaf movement of wild type
and mutant Arabidopsis plants under Pos. and Neg. DIF using the novel OSCILLATOR system, consisting of Infra Red imaging,
leaf tip tracking and phase and amplitude extraction by wavelet analysis. Results shows that under Neg.DIF the phase of leaf
growth oscillations shifts forward 5 hours. Treatment with ethylene could complement both the growth and movement inhibition
under Neg.DIF. Analysis of ethylene emission showed no lower ethylene emission under Neg.DIF, but a phase shift of 4 hr from
Pos. to Neg. DIF. Using the ethylene triple response we show that Neg.DIF results also in a reduction of ethylene sensitivity.
Previously it was shown that the Arabidopsis phyB mutant is insensitive to the Neg.DIF treatment and we show that this mutant
has a two-fold increase in ethylene emission. Oscillator analysis of the phyB mutant suggests an important role for PHYB in
temperature compensation of phase shifts in the clock. Using a novel set up for LUC-activity-imaging for whole plants under
diurnal conditions, we demonstrate differential phase shifts for individual clock genes when shifted from Pos. to Neg. DIF.
Combined, the results indicate an altered coordination of the clock and clock regulated processes under Neg.DIF and that
impaired growth under Neg.DIF is explained by a reduced coordination of clock regulated growth processes.
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GENETIC DETERMINISMS OF PLANT PLASTICITY: DISENTANGLING CRYPTIC GENETIC VARIATION FROM
PLANT ALLOMETRY

François Vasseur (INRA-SUPAGRO, France), Christine Granier (INRA-SUPAGRO, France), Denis Vile* (INRA-SUPAGRO,
France)
vasseur@supagro.inra.fr
In plants, the acquisition and the allocation of resources largely depend on individual size. As a consequence, most
physiological and metabolic rates covary with plant mass. Genetically coordinated switches in morphology and fluxes of water
and carbon allow plants to grow and reproduce in contrasting environments. Several pleiotropic genes are known to play a
major role in determining plant size and a suite of correlated traits whatever the environment, but monotropic genes may exert a
substantial role in plant tolerance to stressing conditions. Benefiting from the latest advances in plant phenomics, we
investigated many traits related to morphology, growth, and fluxes of water and carbon, in a population of recombinant inbred
lines of Arabidopsis thaliana spanning three orders of magnitude in size. We modeled numerous allometric functions and
studied the genotype-by-environment interactions that account for the variability in plant functioning in response to isolated and
combined water deficit and high temperature. Since most physiological processes are dependent on tissue temperature, our
mixed model approach also takes leaf temperature into account. Our results demonstrate that, beyond the size effect of a few
pleiotropic genes acting across environments, traits variation is governed by a complex genetic network that interacts
significantly with the environment. Furthermore, these findings imply that any trait related to plant performance, such as water
use efficiency, is genetically variable independently of plant size, which could have crucial consequences for natural or artificial
selection.
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AN INACTIVE RECEPTOR-LIKE KINASE PERCEIVES GRIM REAPER DURING ROS-DEPENDENT CELL DEATH
INDUCTION IN ARABIDOPSIS

Michael Wrzaczek* (University of Helsinki, Finland), Julia P Vainonen (University of Helsinki, Finland), Hanna Help (University of
Helsinki, Finland), Adrien Gauthier (University of Helsinki, Finland), David Kaufholdt (University of Helsinki, Finland), Airi
Lamminmäki (University of Helsinki, Finland), Yrjö Helariutta (University of Helsinki, Finland), Jaakko Kangasjärvi (University of
Helsinki, Finland)
michael.wrzaczek@helsinki.fi
Initially only regarded as cytotoxic agents, reactive oxygen species (ROS) function as signaling molecules during disease,
stress adaptation and development in most uni- and multicellular organisms. They are produced in response to many biotic and
abiotic stresses in different subcellular locations. In plants, ozone and pathogen infection induce an extracellular oxidative burst
which is involved in the regulation of cell death. However, ROS also serve as second messengers in the control of
developmental processes including stomatal regulation and root hair growth. In flowers ROS are involved in pollen tube growth.
Despite the wealth of information of ROS signaling only little is known about how plants sense ROS and regulate cell death.
Arabidopsis GRIM REAPER (GRI) is an orthologue of the tobacco flower-specific protein Stig1. GRI is involved in the regulation
of ROS-induced cell death and infiltration of a recombinant GRI protein fragment causes ROS-dependent cell death. We have
identified receptor-like protein kinases (RLKs) as the link between the extracellular GRI-peptide and the downstream signaling
events leading to cell death. The Arabidopsis genome encodes approximately 600 RLK genes. A mutant in a gene, named
GRIM REAPER RECEPTOR (GRIR), encoding a LEUCINE-RICH REPEAT (LRR) RLK was insensitive to cell death induction
by GRI-peptide. GRI-peptide interacts with the extracellular domain of GRIR in vitro and in vivo. Binding of the peptide to the
receptor leads to internalization of the receptor protein. Interestingly, evidence suggests that only a processed peptide rather
than full-length GRI protein binds to the receptor.
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REGULATION AND FUNCTION OF ARIADNE12 UPON UV-B RADIATION IN ARABIDOPSIS

Lisi Xie* (BOKU-University of Natural Resources and Life Sciences, Austria), Christina Lang-Mladek (BOKU-University of
Natural Resources and Life Sciences, Austria), Susanne Neubert (BOKU-University of Natural Resources and Life Sciences,
Austria), Marie-Theres Hauser (BOKU-University of Natural Resources and Life Sciences, Austria)
lisi.xie@boku.ac.at
The ARIADNE (ARI) family of potential E3 ligases has 16 members in Arabidopsis and belongs to the class of RING between
RING fingers (RBR) proteins. Most ARIs are expressed in nearly all organs, but some are organ specifically expressed. ARI12 is
mainly expressed in roots and weakly in hypocotyls under normal growth condition. However it is strongly induced in leaves by
supplemental UV-B radiation and reaches an expression peak 2-4 hours after UV-B exposure. In order to test whether ARI12 is
triggered by the well characterized UV-B signaling pathway ARI12 expression was quantified in the mutant of the UV-B receptor
RESISTANCE LOCUS8 (UVR8), the downstream signaling component CONSTITUTIVE PHOTOMORPHOGENIC1 (COP1),
and the double mutant of ELONGATED HYPOCOTYL5 (HY5) and its redundantly acting homolog, HY5 HOMOLOG (HYH).
Under low fluence rate of UV-B radiation, ARI12 expression depends on the UVR8/COP1/HY5/HYH UV-B signaling pathway. At
high UV-B fluence rates ARI12 induction shows a partially COP/HY5/HYH-dependent and UVR8-independent signaling
pathway. Since ARI12 expression at high supplemental UV-B fluence rate is highly induced in the uvr8 mutant we extended the
analysis to other photoreceptors. However ARI12 expression is still induced by UV-B radiation in the double mutants of the
redundantly acting UV-A and blue light receptors, CRYPTOCHROMES (CRY1/2) and PHOTOTROPINS (PHOT1/2), and the
red light receptors PHYTOCHROMES A and B (PHYA/B). At last we present genetic evidence on the function of ARI12 in UV-B
tolerance.
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BBX21 IN CROSSTALK BETWEEN LIGHT AND ABA SIGNALING

Dongqing Xu* (Gothenburg University, Sweden), Sreeramaiha Gangappa (Gothenburg University, Sweden), Feng Li
(Gothenburg University, Sweden), Chamari Hettiarachchi (Gothenburg University, Sweden), Mats Andersson (Gothenburg
University, Sweden), Magnus Holm (Gothenburg University, Sweden)
xu.dongqing@bioenv.gu.se
The germination of a seed involves cross-talk between several signaling pathways where signals such as light and GA promote
germination whereas ABA has an opposing role. We found that mutations in BBX21, encoding a B-box protein previously
identified as a positive downstream regulator of light signaling, is hypersensitive to exogenous ABA. In light signaling, BBX21
interacts with the bZIP transcription factor HY5 and can promote HY5 dependent transcription. The BBX21 gene is expressed at
high levels in the radicle but neither ABA or GA levels are significantly altered in bbx21, suggesting that BBX21 function in the
signaling pathways downstream o f the hormones. Examination of ABA phenotypes in double mutants between bbx21 and the
abi1, abi2, abi3, abi4, abi5 and hy5 mutants revealed that BBX21 act upstream of the transcription factors ABI3, ABI4 and ABI5
and require a functional HY5 protein. By examining expression levels in these mutants we found that BBX21 repress the
expression of ABI3 and ABI5. These results are supported by ChIP assays on the ABI3 and ABI5 promoters. The bbx21
mutation is epistatic to abi2-1 suggesting that the up regulation of ABI3 and ABI5 in bbx21 occurs also when ABA induced
release of SnRK2 kinases from the ABI2 phosphatase is blocked. In addition, we found that BBX21 interact with the bZIP
transcription factor ABI5 in yeast two-hybrid and in pull down assays and that BBX21 can repress ABI5 dependent transcription
in transient transfection assays in protoplasts. Furthermore, we describe light dependent phenotypes in the abi mutants and we
find genetic interactions between bbx21 and the abi mutants in both ABA and light phenotypes. Our results supports a model
where BBX21 function together with HY5 as a link between light and ABA signaling by repressing expression of ABI3 and ABI5,
however BBX21 also function together with ABI5 but this interaction result in repression of ABI5 dependent transcription.
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THE ROLE OF DEFENSE, NO DEATH (DND1) GENE IN DRIVING PLANT EARLY SENESENCE AND IN ABIOTIC
STRESS DEFENSE

Enjun Xu* (University of Helsinki, Finland), Mikael Brosché (University of Helsinki, Finland)
enjun.xu@helsinki.fi
2+

The increase of cytosolic Ca is a vital event in plant defense signaling cascades. The ‘Defense, no death’ (dnd1) mutant plants
2+
have a null mutation in the gene encoding the plasma membrane localized Ca -conducting CNGC2 channel. It displays high
2+
SA level, spontaneous cell death, dwarf phenotype, etc. Based on previous studies it was proposed that the DND1 Ca
2+
transporter was required for ozone-induced changes in gene expression. Although previous studies shows that Ca is an
essential signaling component upstream from many vital signaling molecules, however under ozone treatment the pleiotropic
2+
phenotypes of the dnd1 mutant allow alternative interpretations. To study dnd1 and the role of Ca in senescence and ozone
signaling, 22 double and several triple dnd1 mutant were obtained. Important key genes involved in SA signaling, JA signaling,
ethylene signaling, ABA signaling were selected in this study. Of these double mutants, we have found some interesting
phenotype related to leaf lesion development, growth habits, and in other phenotypes. For instance, dnd1eds1, dnd1pad4,
dnd1ald1, and dnd1agbgpa mutants exhibited less cell death and relatively larger rosette size compare to dnd1 single mutant.
Using microarrays around 50 genes have expression significantly different between dnd1 and Col-0. Several important defense
signaling genes are found to be expressing significantly different from these double mutants. Furthermore, all these interesting
double and triple mutants will be exposed by ozone, and damage and gene expression will be quantified, to study the role of
2+
Ca and crossing talking with other hormone in plant defense signaling.

245

A VACUOLAR BETA-GLUCOSIDASE HOMOLOG THAT POSSESSES GLUCOSE-CONJUGAGED ABSCISIC ACID
HYDROLYZING ACTIVITY PLAYS AN IMPORTANT ROLE IN OSMOTIC STRESS RESPONSES IN ARABIDOPSIS

Zheng-Yi Xu* (Pohang University of Science and Technology, Korea), Ting Dong (Pohang University of Science and
Technology, Korea), Dae Heon Kim (Pohang University of Science and Technology, Korea), Soo Youn Kim (Pohang University
of Science and Technology, Korea), Inhwan Hwang (Pohang University of Science and Technology, Korea)
seojeongil@postech.ac.kr
The phytohormone abscisic acid (ABA) plays a critical role in various physiological processes, including adaptation to abiotic
stresses. In Arabidopsis thaliana, ABA levels are increased both through de novo biosynthesis and via BG1-mediated hydrolysis
of glucose-conjugated ABA (ABA-GE). However, it is not known how many different �-glucosidase proteins produce ABA from
ABA-GE and how the multiple ABA production pathways are coordinated to increase ABA levels. Here, we report that a
previously undiscovered beta-glucosidase homolog, BG2, produced ABA by hydrolyzing ABA-GE and plays a role in osmotic
stress response. BG2 localized to the vacuole as a high molecular weight complex and accumulated to high levels under
dehydration stress. BG2 hydrolyzed ABA-GE to ABA in vitro. In addition, BG2 increased ABA levels in protoplasts upon
application of exogenous ABA-GE. Overexpression of BG2 rescued the bg1 mutant phenotype, as observed for the
overexpression of NCED3 in bg1 mutants. Based on these observations, we propose that, in addition to the de novo
biosynthesis, ABA is produced in multiple organelles by organelle-specific �-glucosidases in response to abiotic stresses.
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UBIQUITIN LIGASE ATL31 NEGATIVELY REGILATES C/N RESPONSE THROUGH PROTEASOMAL
DEGRADATION OF 14-3-3 PROTEINS

Shigetaka Yasuda* (Hokkaido University, Japan), Shugo Maekawa (Hokkaido University, Japan), Yu Lu (Hokkaido University,
Japan), Takeo Sato (Hokkaido University, Japan), Junji Yamaguchi (Hokkaido University, Japan)
antian.shengui@mail.sci.hokudai.ac.jp
Plants sense balance of carbon (C) and nitrogen (N) metabolites to regulate metabolism and development, called C/N
response. We previously revealed a novel ubiquitin ligase, ATL31, which functions the C/N response in Arabidopsis thaliana
(Sato et al., Plant J, 60: 852-864, 2009). From the following studies, we also identified 14-3-3 proteins as an ubiquitination target
of ATL31 (Sato et al., Plant J, 68:137-146, 2011). 14-3-3 proteins play an important role in regulation of key enzymes involved in
C and N metabolisms. Generally, 14-3-3 proteins bind to phosphorylated motifs in their target proteins. Four putative 14-3-3
binding sites on the ATL31 were identified by Scansite search. We determined which sites are critical for the 14-3-3 interaction
by substitution analysis. The mutated ATL31 which is abolished for the phosphorylation was not able to bind to 14-3-3 proteins.
Furthermore, the phosphorylated peptides generated after the ATL31 protein inhibited interaction between the ATL31 and 14-33 proteins. Taken together, these results indicate that the binding activity of 14-3-3 proteins dependents on the phosphorylation
status on the ATL31 protein. In addition, we evaluate the physiological role of the interaction in terms of C/N response. The
biochemical and physiological functions of the ATL31 will be discussed.
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BIOLOGICAL ROLES OF COPPER CHAPERONES, CCH AND ATX1, IN COPPER HOMEOSTASIS

Kuo-Chen Yeh* (Academia Sinica, Taiwan), Lung-Jiun Shin (Academia Sinica, Taiwan)
kcyeh@gate.sinica.edu.tw
Copper (Cu) is essential for plant growth but toxic in excess. Specific molecular mechanisms maintain Cu homeostasis to
facilitate its use and avoid the toxicity. Cu chaperones, proteins containing Cu-binding domain(s), are thought to assist Cu
intracellular homeostasis by their Cu chelating ability and to perform the fine-tuning by the deduced dual functions of Cu
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trafficking and detoxification. In Arabidopsis thaliana, two Cu chaperones, antioxidant protein 1 (ATX1) and ATX1-like Cu
chaperone (CCH), share high sequence homology. To understand the function of these 2 chaperones, several studies on their
expression and biochemical properties were carried out, previously. Despite the hypothetical functions proposed, little is known
about their physiological significance in plants. Here, we characterized the phenotype of atx1 and cch mutants and the cchatx1
double mutant. The shoot and root growth of atx1 and cchatx1 but not cch was specifically hypersensitive to excess Cu.
Besides, atx1 and cchatx1 were also sensitive to Cu deficiency. Overexpression of ATX1 not only enhanced Cu tolerance and
accumulation in excess Cu conditions, but also promoted their growth under Cu deficiency. Furthermore, both CCH and ATX1
are also required for seed Cu storage. In this study, we demonstrate the biological roles of CCH and ATX1.
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FUNCTIONAL ANALYSIS OF A BZIP-TYPE TRANSCRIPTION FACTOR, ABF1, IN SNRK2-MEDIATED ABA
SIGNALING UNDER DROUGHT STRESS

Takuya Yoshida* (The University of Tokyo, Japan), Yasunari Fujita (Japan International Research Center for Agricultural
Sciences (JIRCAS); University of Tsukuba, Japan), Kyonoshin Maruyama (Japan International Research Center for Agricultural
Sciences (JIRCAS), Japan), Kazuo Shinozaki (RIKEN Plant Science Center, Japan), Kazuko Yamaguchi-Shinozaki (The
University of Tokyo; Japan International Research Center for Agricultural Sciences (JIRCAS), Japan)
atyos@mail.ecc.u-tokyo.ac.jp
Water deficit caused by abiotic stresses such as drought and high salinity leads to accumulation of abscisic acid (ABA) in plant
cells, which results in expression of many genes that function in the stress response and tolerance. In the promoter regions of
such ABA-inducible genes, the cis-elements, ABREs (ABA-responsive element), were conserved. By using ABRE sequences
as bait in yeast one-hybrid screenings, the ABRE-binding (AREB) proteins or ABRE-binding factors (ABFs) were isolated.
Among nine AREB/ABFs in Arabidopsis, AREB1, AREB2, and ABF3 are highly induced by dehydration, high salinity, and ABA
treatment in vegetative tissues. Previously, we have demonstrated that AREB1, AREB2, and ABF3 are master transcription
factors that regulate ABRE-dependent gene expression in ABA signaling under drought stress by using the areb1 areb2 abf3
triple mutant. Taken together with our studies of SnRK2 protein kinases, it has been shown that the three AREB/ABFs are
primarily regulated by SRK2D, SRK2E, and SRK2I (SRK2D/E/I). Most of the downstream genes of the AREB/ABFs were shown
to be under the control of SRK2D/E/I, however, the downregulated genes in the areb1 areb2 anf3 triple mutant covered about
20 percent of those in the srk2d/e/i triple mutant. This suggests that the three AREB/ABFs are key but not exclusive in the
SnRK2-mediated ABA signaling under drought stress conditions. Here, we show that ABF1, which is in the same clade of
AREB1, AREB2, and ABF3 in the phylogenetic tree of the bZIP subfamily, is also involved in the SnRK2-mediated ABA
signaling with comparative analyses between the areb1 areb2 abf3 abf1 quadruple mutant and the areb1 areb2 abf3 triple
mutant. Based on microarray data of the quadruple and triple mutants, we will discuss the genes regulated by the four
AREB/ABFs and SRK2D/E/I.
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THE MITOCHONDRIAL PPR40 GENE CAN IMPROVE SALT TOLERANCE IN ARABIDOPSIS

Laura Zsigmond* (University of Szeged, Hungary), Ágnes Szepesi (University of Szeged, Hungary), Irma Tari (University of
Szeged, Hungary), Gábor Rigó (Biological Research Centre, Hungarian Academy of Sciences, Hungary), Annamária Király
(Biological Research Centre, Hungarian Academy of Sciences, Hungary), László Szabados (Biological Research Centre,
Hungarian Academy of Sciences, Hungary)
zsigmond.laura@brc.mta.hu
Unfavorable environmental conditions such as drought or high soil salinity limit plant growth and require extensive adaptation for
survival. During abiotic stress, production of reactive oxygen species (ROS) can increase and create additional oxidative stress
for the plants. Mitochondria regulate cellular energy homeostasis and redox balance by integrating numerous metabolic
pathways that are important in adaptive responses to stress conditions. In mitochondria, over-reduction of the electron transport
chain is the primary reason for ROS accumulation, which can be reduced by protecting and stabilizing the electron flow.
Previously we have described the PPR40 protein, which apparently connects mitochondrial electron transport and regulation of
stress responses in Arabidopsis thaliana.The absence of PPR40 protein in the ppr40-1 knockout mutant leads to impaired
electron transport through Complex III, resulting in enhanced ROS accumulation, oxidative damage and hypersensitivity to salt
and oxidative stress.Overexpression of PPR40 under the control of the 35S promoter enhanced salt tolerance, as PPR40ox
seeds germinated better on high salt medium and the plants grew faster on saline conditions compared to wild type Arabidopsis.
Although superoxide dismutase and ascorbate peroxidase activities were not altered considerably in PPR40ox plants, H2O2
content and oxidative damage was lower in them in stress conditions than in wild type or ppr40-1 mutant plants. Mitochondrial
electron transport was less affected in PPR40ox plants during stress, suggesting that PPR40 can diminish ROS generation and
reduce oxidative damage through stabilization of mitochondrial electron transport during stress.
Posters: Cell Biology
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THE IDA PEPTIDE AND HAE/HSL2 RECEPTORS ESSENTIAL FOR FLORAL ORGAN ABSCISSION, CONTROL
CELL SEPARATION DURING LATERAL ROOT EMERGENCE

Reidunn B. Aalen* (University of Oslo, Norway), Robert Kumpf (University of Oslo, Norway), Ida Myhrer Stø (University of Oslo,
Norway), Chun-Lin Shi (University of Oslo, Norway), Antoine Larrieu (University of Nottingham, UK), Malcolm J. Bennett
(University of Nottingham, UK), Melinka A. Butenko (University of Oslo, Norway)
reidunn.aalen@imbv.uio.no
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Throughout their life cycle plants produce new organs, such as leaves, flowers and lateral roots. Organs that have served their
purpose may be shed after breakdown of cell walls between adjacent cell files at the site of detachment. In Arabidopsis floral
organs abscise after pollination, and this cell separation event is controlled by the peptide INFLORESCENCE DEFICIENT IN
ABSCISSION (IDA) which signals through the leucine-rich receptor-like kinases HAESA (HAE) and HAESA-LIKE2 (HSL2).
Emergence of new lateral root primordia, initiated deep inside the root under the influence of auxin, is similarly dependent on
cell wall dissolution to separate cells in the overlaying endodermal, cortical and epidermal tissues. We show that this process
also requires IDA, HAE and HSL2. Mutations in these genes constrain the passage of the growing lateral root primordia (LRP)
through the overlaying layers, resulting in altered shapes of the LRP and of the overlaying cells. The HAE and HSL2 receptors
are redundant in function during floral organ abscission, but during lateral root emergence (LRE) they are differentially involved
in regulating cell wall remodelling genes. In the root IDA is strongly auxin-inducible and dependent on key regulators of LRE –
the auxin influx carrier LAX3 and AUXIN RESPONSE FACTOR 7 (ARF7). The expression levels of the receptor genes are only
transiently affected by auxin, suggesting them to be the limiting factors for induction of cell separation. We conclude that
elements of the same signalling module has been adapted to function in different cell separation processes.
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DETERMINING THE TOPOLOGY OF ARABIDOPSIS PIN PROTEINS BY ANALYZING NATIVE POTENTIAL NGLYCOSYLATION MOTIFS

Lindy Abas* (Dept. Applied Genetics & Cell Biology, BOKU Wien, Vienna, Austria)
melinda.abas@boku.ac.at
Auxin is a pretty amazing plant hormone as it seems to be impossibly involved in almost all aspects of plant growth and
development. The processes controlling the distribution of auxin are thus of utmost importance (not just for the plants
themselves but also for the scientists studying them!). The current model of active auxin transport in vascular plants is based on
specific proteins in plant plasma membranes that are responsible for transporting auxin both into and out of cells. The PIN
proteins are involved in the outward transport process, i.e. they are thought to regulate and/or mediate auxin export. At present
nothing is known on the molecular structure of PINs. This severely hampers our full understanding of their crucial role in auxin
transport. Basic structural data would provide vital clues as to how to further investigate as well as how to interpret fully the vast
amount of published data. I have investigated the membrane topology of native (wildtype) PIN proteins from Arabidopsis
thaliana by analysing whether the numerous putative N-glycosylation sites (found in the native protein sequences, mostly in the
large central loop) are indeed N-glycosylated, as this would be indicative of extracellular or luminal domains. As routine analysis
using commercially available de-glycosylating enzymes is unfortunately incompatible with plant-derived material, it was
necessary to specifically adapt and optimise the normal protocol to be able to use it for Arabidopsis plasma membrane proteins.
I will describe the approach used that allowed the topological analysis of Arabidopsis PIN proteins as well as other membraneand luminal- localized plant proteins.
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TRANSPORTERS IN ARABIDOPSIS ROOTS MEDIATING UPTAKE OF AMINO ACIDS AT NATURALLY OCCURING
CONCENTRATIONS

Iftikhar Ahmad* (Swedish University of Agricultural Sciences Umeå), Henrik Svennerstam (Swedish University of Agricultural
Sciences Umeå), Sandra Jämtgård (Swedish University of Agricultural Sciences Umeå), Kerstin Huss-Danell (Swedish
University of Agricultural Sciences Umeå), Torgny Näsholm (Swedish University of Agricultural Sciences Umeå), Ulrika Ganeteg
(Swedish University of Agricultural Sciences Umeå)
Iftikhar.ahmad@slu.se
Organic nitrogen is transported in the form of amino acids, that's why these amino acids are considered as the “currency of
nitrogen exchange” in the plants. Recent studies of Arabidopsis thaliana (Arabidopsis) have identified three amino acid
transporters involved in root amino acid uptake: Lysine Histidine Transporter 1 (LHT1), Amino Acid Permease 1 (AAP1) and
Amino Acid Permease 5 (AAP5). In this study we used Arabidopsis plants with altered expression of LHT1, AAP1 and AAP5
with the aim to disentangle the role of each transporter for uptake of different amino acids at naturally-occurring (2-50 μM)
concentrations. Our findings of LHT1 and AAP5 amino acid transporters suggest that these two transporters are the most
important for amino acid uptake in Arabidopsis since little residual uptake was recorded in the double mutant plants. We
concluded that LHT1 and AAP5 are crucial for amino acid uptake at naturally-occuring concentrations.
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ARABIDOPSIS SH3 DOMAIN-CONTAINING PROTEINS PLAY A ROLE IN CELL PLATE FORMATION

Gyeongik Ahn* (Postech, Korea), Hyeran Kim (Postech, Korea), Inhwan Hwang (Postech, Korea)
ahngi@postech.ac.kr
In somatic cell cytokinesis, the mechanism by which parental cells are divided into two daughter cells differs significantly
between animal and plant cells. During cytokinesis in plant cells, the cell plate is assembled newly using vesicles from
originated at the center of the dividing cells and extended at both sides toward the parental cell walls. Although proteins such as
KNOLLE and DRPs have been genetically identified to play essential role in the cell plate formation, however, it is poorly
understood how the cell plate is generated from vesicles. Here, to understand this in detail, we investigated the biological role of
AtSH3Ps (Arabidopsis thaliana SH3-containing proteins). Arabidopsis contains three iso-forms of SH3Ps: SH3P1, SH3P2, and
SH3P3. They are broadly expressed in roots and shoots in a vegetative state. We examined germination of each single loss of
function mutant and double homozygous sh3p1sh3p3. For sh3p2 mutant, germination was quite delayed compared to wild-type
plants. Germination of sh3p1sh3p3 mutant also was a little bit delayed. Through these results, we identified that SH3Ps have
Page 104

Posters: Cell Biology

ICAR 2012 Vienna, Austria

the functional redundancy and SH3P2 mainly takes part in early stage of development. SH3P2 protein localized to the BFA
sensitive endomembrane compartments in non-dividing cell. During cytokinesis, SH3P2 protein accumulated principally to the
cell plate. Therefore, we predict that they play a role in cell plate formation.

254

3XHMG-BOX PROTEINS: A PLANT SPECIFIC PROTEIN FAMILY THAT BINDS TO MITOTIC AND MEIOTIC
CHROMOSOMES

Martin Antosch* (University of Regensburg, Germany), Dorthe S. Pedersen (University of Regensburg, Germany), Andreas
Houben (IPK, Gatersleben, Germany), Klaus D. Grasser (University of Regensburg, Germany)
martin.antosch@biologie.uni-regensburg.de
During mitosis the genetic material has to be distributed between two new forming cells. Therefore, the shape of chromatin
undergoes a dramatic change. Chromatin is packed tightly and enters a rather inactive state. During this process, which is
called condensation, changes in protein protein and protein DNA interactions appear. Besides histones, proteins containing a so
called HMG-box domain are highly abundant DNA associated proteins. The HMG-box is a conserved L-shaped protein domain
consisting of around 75 amino acids with DNA bending properties. Recently, a plant specific protein family containing three
HMG-boxes was discovered and therefore termed 3xHMG-box proteins. Depending on the plant species, one or two copies can
be found in the genome. The A. thaliana genome contains two ORFs encoding 3xHMG-box proteins that share a high sequence
similarity and were named 3xHMG-box1 and 3xHMG-box2. In vitro assays show that 3HMG-box2 protein binds and bends DNA.
Furthermore we found out that these proteins are expressed shortly before mitosis and gain access to chromatin upon nuclear
envelope breakdown, while they appear to be degraded during late stages of mitosis. Surprisingly, 3xHMG-box1 binds
condensed chromatin at the NORs (nucleolar organizer region), which represent the loci containing 45S rDNA arrays. In
contrast to that 3xHMG-box2 decorates all chromosomes. Still the function of 3xHMG-box proteins in mitotic processes e.g.
condensation/decondensation, sisterchromatid segregation or gene silencing is unknown and requires further investigation.
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ANALYSIS OF THE ARABIDOPSIS MITOCHONDRIAL FISSION PROTEINS, ELM1 AND DRP3S

Shin-ichi Arimura* (The University of Tokyo, Japan), Rina Kurisu (The University of Tokyo, Japan), Naoki Kadoya (The
University of Tokyo, Japan), Nobuhiro Tsutsumi (The University of Tokyo, Japan)
arimura@mail.ecc.u-tokyo.ac.jp
Mitochondrial fission is achieved by at least two kinds of proteins in Arabidopsis. One kind consists of two dynamin-related
proteins, DRP3A and DRP3B, which are well-conserved GTPases. DRP3A, DRP3B and their orthologues in animals and fungi
are thought to be the executers or regulators for mitochondrial fission. Another kind is the plant-specific factor ELM1, which is
required for the recruitment of DRP3A and DRP3B from the cytosol to the mitochondrial fission sites. ELM1 does not have any
known-functional domains in its amino acid sequence. In this study, to see the functions of intra-molecular structures of ELM1,
the subcellular localizations of partial sequences or point-mutated sequences of ELM1 were examined. A short N-terminal
portion of ELM1 fused to GFP localized to the mitochondrial outer surface, suggesting that the N-terminus contains a
mitochondrial outer-surface localizing signal. Any mutated and partial sequences of ELM1 which we examined diminished the
interaction with DRP3B, implying that the full length molecule of ELM1 is required for the interaction.
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RABA1 GTPASES MEDIATE SECRETION FROM THE TGN TO THE PLASMA MEMBRANE AND FUNCTION IN THE
SALINITY STRESS RESPONSE

Rin Asaoka* (The University of Tokyo, Japan), Tomohiro Uemura (The University of Tokyo, Japan), Jun Ito (Nara Institute of
Science and Technology, Japan), Masaru Fujimoto (The University of Tokyo, Japan), Takashi Ueda (The University of Tokyo,
Japan), Akihiko Nakano (The University of Tokyo and RIKEN ASI, Japan)
rin@biol.s.u-tokyo.ac.jp
RAB GTPase is one of the key regulators in membrane trafficking. Among subgroups of RAB GTPases, RAB11, a broadly
conserved subgroup in eukaryotes, seems to have evolved in a unique way in plants; plant RAB11 has notable diversity while
yeasts and animals possess a few RAB11 members. In Arabidopsis thaliana, 57 RAB GTPases are encoded in its genome in
total, 26 of which are classified into the RAB11 group (and further classified into RABA1-RABA6 subgroups). Studies on animal
RAB11 have indicated that it plays important roles in regulating a variety of cellular functions. Also in plants, recent studies have
demonstrated that some plant RAB11 members play pivotal roles in plant-unique developmental processes including
cytokinesis and tip growth; however, molecular and physiological functions of the majority of RAB11 members remain unknown.
To reveal precise functions of plant RAB11, we first investigated subcellular localization and dynamics of the RABA1 subgroup
consisting of 9 members (RABA1A-RABA1I). RABA1 members localized on the mobile punctate structures beside the TGN, and
the constitutive-active RABA1 mutant was observed on the plasma membrane. This localization indicated that RABA1 members
regulate the transport pathway between the TGN and the plasma membrane. We also found that RABA1B, a ubiquitously
expressed member, also localized on small vesicles, which moved dynamically in an actin-dependent manner. To understand
the physiological function of RABA1 members, phenotypes of plants mutated in RABA1 members or expressing the dominantnegative mutant were analyzed. In this meeting, we report significant roles of these RABA members in salinity stress response.
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ASSEMBLY AND FUNCTION OF LOCALIZED MRNPS IN ARABIDOPSIS DURING THE FIRST STEPS OF
EMBRYOGENESIS

Andrea Bleckmann* (Department for Cell Biology and Plant Biochemistry, University of Regensburg, Germany), Johannes
Schönberger (Department for Cell Biology and Plant Biochemistry, University of Regensburg, Germany), Ulrich Hammes
(Department for Cell Biology and Plant Biochemistry, University of Regensburg, Germany), Thomas Dresselhaus (Department
for Cell Biology and Plant Biochemistry, University of Regensburg, Germany)
andrea.bleckmann@biologie.uni-regensburg.de
The localization of mRNA and the concomitant delay of translation is a precise mechanism to control the presence of a gene
product both temporally and spatially. This mechanism is found in all kingdoms of life but to date nothing is known in plants. We
established a GATEWAY based two-component system derived from the sequence-specific binding of the viral RNA-binding
protein λN22, to its respective target RNA hair loops. The functionality of these systems in plants was demonstrated in a transient
expression system. With this system we are now analyzing potential candidates, which might be polarly localized in the egg cell
or later on during the first cell divisions of the zygote.
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REACTIVE OXYGEN SPECIES AND CALCIUM : THE CORE OF THE ANXUR-RLK DEPENDENT CELL WALL
INTEGRITY SYSTEM IN GROWING POLLEN TUBES

Aurélien Boisson-Dernier* (Institute for Plant Biology, University Zürich, Switzerland), Sucharita Roy (Institute for Plant Biology,
University Zürich, Switzerland), Sharme Thirugnanarajah (Institute for Plant Biology, University Zürich, Switzerland), Ueli
Grossniklaus (Institute for Plant Biology, University Zürich, Switzerland)
aboisson@access.uzh.ch
Pollen tubes (PTs), the male gametophyte of flowering plants, elongate by tip-growth at an amazing speed over extraordinary
distances to reach the female gametophytes and deliver their sperm cells. Moreover, during their growth within female tissues,
they are able to respond and adapt their growth to multiple environmental factors, such as physical barriers, nutrient
provisioning, guidance cues etc. The PT is excellently suited as a model system to study the coordination of structural and
molecular machineries that orchestrate rapid polar growth without a loss of cell wall integrity. Signaling between the cell wall
(CW) and the inside of the cell is critical for proper development and the sensing of its environment. However, very little is
known about the molecular mechanisms involved in these processes, although the importance of plant CWs extends into many
areas of plant development and human activities. We have previously identified two redundant receptor-like kinases (RLKs) of
the CrRLK1L subfamily, named ANXUR1 and ANXUR2, which function in the control of CW integrity in PTs. Pollen carrying
mutations in both ANX-RLKs burst shortly after germination, preventing them from reaching and fertilizing the female
gametophytes. Consequently anx1anx2 plants are male sterile with very short siliques. Our latest genetic, cell biological and
2+
immunohistochemical studies show that NADPH-dependent Reactive Oxygen Species (ROS) and Ca levels constitute the
2+
core of the ANX-RLK dependent pathway. Defects in rmaintaining ROS and Ca homeostasis lead to abnormal CW
composition and loss of CW integrity. Moreover, to identify new components of the CW integrity system, we have performed a
genetic EMS-based suppressor screen for second-site mutations that allow the restoration of CW integrity and growth of
anx1anx2 mutant PTs leading to silique elongation. We will report on the isolation of strong suppressors that display a rescue of
anx1anx2 PT growth both in vivo and in vitro.
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A RICE PISTIL-SPECIFIC EXPRESSION GENE PARTICIPATES IN ENDOCYTIC PATHWAY

Ke Cheng* (Huazhong Agricultural University, China), Qifa Zhang (Huazhong Agricultural University, China)
cke20040427@yahoo.com.cn
Gene ECR1 encoding a hypothetical protein was considered to produce undetectable transcript signals throughout the life cycle
of the rice plant according to Affymetrix GeneChip Rice Genome Arrays. However, an RNA in situ hybridization showed that
ECR1 had a much higher expression level in pistil than in anther, leaf and root. An ECR1-GFP fusion was transformed into rice
protoplasts and BY-2 cells, and the subcellular localization was determined with confocal fluorescence. The results
demonstrated that ECR1 localizes to the plasma membrane and Golgi. Furthermore, ECR1-GFP was partially co-localized with
the internalized endocytic marker FM4-64 in BY-2 cells, indicating that ECR1 may play a role in an endocytic pathway.
Affymetrix GeneChip Rice Genome Arrays were used to compare expression profiles in rice pistil between ECR1 transgenicpositive and -negative plants. Gene ontology (GO) categories analysis showed that ECR1 affected expression levels of genes
related to microtubule-based process and cytoplasmic membrane-bounded vesicle significantly, indicating its role in vesicle
trafficking and signal transduction.
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A POSSIBLE ROLE OF ATS6K1 IN THE PLANT CELL CYCLE AND GROWTH

Choong-Ill Cheon* (Sookmyung Women’s University, Korea), Yun-jeong Shin (Sookmyung Women’s University, Korea),
Sunghan Kim (Sookmyung Women’s University, Korea), Hui Du (Sookmyung Women’s University, Korea), Hee-jeong Park
(Sookmyung Women’s University, Korea)
ccheon@sookmyung.ac.kr
Arabidopsis S6 Kinase 1 (AtS6K1) was shown to operate downstream of AtTOR as a kinase phosphorylating the Arabidopsis
ribosomal S6 protein (AtRPS6), which demonstrates that the basic components and mode of action of the TOR pathway is also
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conserved in plants. AtS6K1 has been reported to be activated by auxin and cytokinin in suspension cells. The role of AtS6K1 in
controlling plant growth and ribosome biogenesis was characterized by the transgenic plants expressing AtS6K1 under auxininducible promoter. Down regulation of selected cell cycle regulatory genes was observed in the transgenic plants after auxin
treatment, confirming the negative regulatory role of AtS6K1 in the plant cell cycle progression. Callus tissues established from
these transgenic plants grew to larger cell masses with more number of enlarged cells than untransformed control,
demonstrating functional relationship of AtS6K1 in the control of plant cell size. However, the negative correlation between the
expression of AtS6K1 and the cell cycle regulatory genes was reversed in protoplasts generated from the transgenic plants
expressing AtS6K1, suggesting a possible role of dual regulatory mechanism of the plant cell cycle regulation mediated by
AtS6K1.

261

THE DISTINCT ROLES OF RABA MEMBERS ON ENDOCYTIC PATHWAY OF A RECEPTOR KINASE FLS2 IN
PLANT CELLS

Seung-won Choi* (The University of Tokyo, Japan), Takayuki Tamaki (The University of Tokyo, Japan), Tomohiro Uemura (The
University of Tokyo, Japan), Silke Robatzek (The Sainsbury Laboratory, United Kingdom), Takashi Ueda (The University of
Tokyo, Japan), Akihiko Nakano (The University of Tokyo and RIKEN Advanced Science Institute, Japan)
seung-won_choi@biol.s.u-tokyo.ac.jp
Plant cells recognize their environment mainly through the plasma membrane (PM) proteins, which mediate signal transduction
to evoke various reactions. The Arabidopsis thaliana FLAGELLIN SENSING 2 (FLS2) is a receptor kinase that recognizes
bacterial flagellin and initiates downstream immune signaling. Recent reports revealed that FLS2 at the PM is translocated to
intracellular vesicles and transported to the vacuole to be degraded upon treatment with the flg22 peptide. However, subcellular
compartments and molecular machineries involved in endocytic trafficking of FLS2 are still unknown. Using GFP-tagged FLS2,
we visualized endocytosed FLS2, which was compared with subcellular localization of several organelle markers including
trans-Golgi network/early endosome- and multivesicular endosome/late endosome-markers. We then focused our attention on
RAB GTPases that regulate membrane tethering and/or fusion between transport carriers and target organelles in membrane
trafficking. Here, we report distinctive functions of RAB GTPases regulating trafficking processes of FLS2.
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CHEMICAL GENETIC APPROACHES TO STUDYING A PUTATIVE NETWORK OF MICROTUBULE-ASSOCIATED
SIGNALING PROTEINS IN ARABIDOPSIS THALIANA

Caitlin Donnelly* (University of British Columbia, Canada), Sylwia Wojas (University of British Columbia, Canada), Yi Zhang
(University of British Columbia, Canada), Brian Ellis (University of British Columbia, Canada), Geoffrey Wasteneys (University of
British Columbia, Canada)
caitlin.c.donnelly@gmail.com
The plant microtubule cytoskeleton forms a cortical array that is involved in directing formation of the cell wall, allowing for
controlled expansion of the cell along one or more axes. The ability of the cortical array to direct expansion is influenced by its
organization, and by the stability and dynamicity of microtubule polymers; these properties are themselves controlled by
interactions with various microtubule-associated proteins. In order to study the role of microtubules and associated proteins in
expansion, we are using propyzamide, which is a microtubule-destabilizing drug with the property of causing cells to expand in
such a way that they rotate helically (“twist”) around the axes of plant organs. Using the reverse-genetic approach of TILLING,
we identified a novel point mutation in the microtubule-associated protein MOR1, which causes right-handed twisting in the
presence of propyzamide. Similar phenotypes have been identified by other researchers in an �-tubulin (TUA6) mutant, as well
as in a MAP kinase phosphatase (PHS1) mutant. The involvement of a signaling protein in a microtubule-related process, as
well as the common responsiveness to propyzamide, suggests that these twisting mutants represent disruptions to a common
signaling-response pathway that is closely linked to microtubule dynamics. Herein, we describe the various approaches that we
have used to identify new proteins that could be potential links between the signaling aspect of the pathway and microtubules.
These include a microarray to study gene expression following propyzamide treatment, a mutagenesis project to identify new
twisting mutants, and reverse genetic experiments to study the function of MAP kinase-interacting genes identified through
biochemical and bioinformatic means.
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THE IMPORTANCE OF UBIQUITIN BINDING FOR A NOVEL GROUP OF ENDOSOMAL TRAFFICKING PROTEINS IN
ARABIDOPSIS THALIANA

Lucinda Alculete Lopes de Araújo Feitio* (University of Natural Resources and Life Sciences/BOKU, Vienna, Austria), Jeanette
Moulinier-Anzola (University of Natural Resources and Life Sciences/BOKU, Vienna, Austria), Christian Luschnig (University of
Natural Resources and Life Sciences/BOKU, Vienna, Austria), Barbara Korbei (University of Natural Resources and Life
Sciences/BOKU, Vienna, Austria)
lucinda.alculete-lopes-de-araujo-feitio@boku.ac.at
TOL (TOM1-like) proteins are a so far uncharacterized family of Arabidopsis thaliana proteins that potentially function in
endosomal trafficking, possibly even in the down-regulation of ubiquitinated plasma membrane proteins. They all share an Nterminal VHS (Vps27p/Hrs/STAM) domain, demonstrated to be important for intracellular trafficking in various non-plant
organisms. One of the main functions of this domain is to bind ubiquitin. In this project we mutated a highly conserved amino
acid in this domain, known to be of importance for ubiquitin binding in other species, and assessed the effect in vitro and in
planta. With these mutated TOLs we performed in vitro pull down assays with different ubiquitin constructs and compared them
to the results obtained with the non-mutated TOLs. Furthermore, since ubiquitin uses its canonical hydrophobic patch around
Posters: Cell Biology

Page 107

ICAR 2012 Vienna, Austria

Ile44 for VHS binding, we mutated this Ile to an Ala and used it for our in vitro binding studies. Furthermore, the mutated TOLs,
with a C-terminal Cherry-tag, were transformed into different tol knock-out plant lines by Agrobacterium mediated
transformation. As non-mutated TOLs complement phenotypes of higher order tol mutant lines, this approach should determine
the relevance of an intact VHS domain for TOL functionality. Together with concise localization studies, analysis of mutant TOL
proteins in planta, will complement our in vitro approaches and should help to clarify the functional role of TOL proteins, in the
endosomal trafficking pathway of higher plants
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NEW INSIGHTS INTO ALTERNATIVE TARGETING TO THE ARABIDOPSIS CHLOROPLAST

Myriam Ferro* (CEA, INSERM, Grenoble-University; France), Sophie Le Gall (CEA, CNRS, INRA, Grenoble-University; France),
Lucas Moyet (CEA, CNRS, INRA, Grenoble-University; France), Daniel Salvi (CEA, CNRS, INRA, Grenoble-University; France),
Sabine Brugière (CEA, INSERM, Grenoble-University; France), Daphné Berny (CEA, CNRS, INRA, Grenoble-University;
France), Christophe Bruley (CEA, INSERM, Grenoble-University; France), Norbert Rolland (CEA, CNRS, INRA, GrenobleUniversity; France)
myriam.ferro@cea.fr
Important mechanisms of protein targeting allowing import of thousands of nuclear encoded proteins to the chloroplast had to be
set up during evolution. Chloroplast proteins that are nuclear encoded have to (i) possess specific information permitting
chloroplast target and (ii) pass through the chloroplast envelope to reach internal chloroplast compartments. Until recently, a
unique protein targeting pathway was acknowledged to be responsible for the targeting of nuclear encoded proteins into
chloroplast sub-compartments. In this pathway, proteins are synthesized in the cytosol as preproteins with a cleavable Nterminal targeting signal and use the TOC/TIC translocation machinery. Recent studies revealed that alternative targeting
pathways exist. Indeed, some envelope proteins, ceQORH and Tic32, were shown to be targeted to the chloroplast inner
envelope membrane despite the presence of an N-terminal cleavable targeting signal. In both cases, proteins reached their final
destination in a TOC/TIC independent manner. Remarkably, other chloroplast proteins were demonstrated to be transported via
a pathway that involves the endoplasmic reticulum and the Golgi apparatus. In this case, the concerned proteins (CAH1, αAmyl1 and NPP1) possess an N-terminal targeting signal that their transit through the endoplasmic reticulum. In order to elucidate
molecular mechanisms implicated in these intriguing pathways the aim of the present study was to identify other chloroplast
proteins which may route through an alternative pathway. Using a proteomics approach and in silico investigations, identification
of chloroplast proteins containing non-canonical targeting sequences was achieved. Sub-cellular localization analyses of
selected proteins reveal that some of these proteins are actually targeted to chloroplasts while lacking any classical N-terminal
signal. These results provide additional information over the regulation of chloroplast biogenesis.
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CHLOROPLAST KINASES AND PHOSPHATASES INVOLVED IN LIGHT ACCLIMATION OF PHOTOSYNTHESIS

Michel Goldschmidt-Clermont* (University of Geneva, Switzerland), Alexey Shapiguzov (University of Geneva, Switzerland), Iga
Samol (University of Geneva, Switzerland), Geoffrey Fucile (University of Geneva, Switzerland), Adrian Willig (University of
Geneva, Switzerland), Sylvain Lemeille (University of Geneva, Switzerland), Oliver Ebenhöh (University of Aberdeen, UK),
Jean-David Rochaix (University of Geneva, Switzerland)
Michel.Goldschmidt-Clermont@unige.ch
Thylakoid protein phosphorylation plays a major role in the rapid acclimation of the photosynthetic apparatus to changes in light.
Two paralogous kinases phosphorylate subsets of thylakoid membrane proteins. STN7 phosphorylates LHCII, the light
harvesting antenna of photosystem II (PSII), to balance the activity of the two photosystems through state transitions. STN8,
which is mainly involved in phosphorylation of PSII, influences folding of the thylakoid membranes and repair of PSII after photodamage. The rapid reversibility of these acclimatory responses also requires the action of protein phosphatases. Using reverse
genetics we have identified chloroplast PP2C phosphatases that are involved in de-phosphorylation of thylakoid proteins.
PPH1/TAP38 is required for de-phosphorylation of LHCII subunits, and thus contributes to the reversibility of state transitions.
We have recently found a second phosphatase, PBCP, which is involved in de-phosphorylation of core subunits of PSII and
influences thylakoid membrane folding. Thus each of the two kinases seems to be antagonized by a corresponding
phosphatase, STN7 by PPH1 and STN8 by PBCP. The two pairs have distinct substrate specificities and physiological
functions, but their activities may overlap to some degree.
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FUNCTIONAL ANALYSIS OF ARABIDOPSIS SHOOT GRAVITROPISM6

Yasuko Hashiguchi* (Nara Institute of Science and Technology, Japan), Daisuke Yano (Nara Institute of Science and
Technology, Japan), Chieko Saito (RIKEN, Japan), Akihiko Nakano (RIKEN, Japan; University of Tokyo, Japan), Masao Tasaka
(Nara Institute of Science and Technology, Japan), Miyo Terao Morita (Nara Institute of Science and Technology, Japan)
y-hashiguchi@bs.naist.jp
Plant vacuole plays critical roles in development, growth, and stress responses. In matured cells, vacuolar membranes (VMs)
have several types of structure formed by invagination and folding of VMs into the lumenal side, and continuously undergoing
morphological changes and dynamics. Although such VM structures are observed in a broad range of tissue types and plant
species, the molecular mechanism underlying formation and maintenance of them remains unclear. We will report that
Arabidopsis SHOOT GRAVITROPISM6, a novel HEAT-repeat protein, is mainly localized to the VM and involved in
formation/maintenance of the VM structures in endodermal cells, which are the gravity-sensing cells in inflorescence stems. The
stem of sgr6 mutant exhibits a slower gravitropic response than that of wild-type. Live cell imaging analysis of stem sections
showed that the vacuoles in the endodermal cells of wild-type maintained the dynamics of VM structures during the 30-minute
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observation, whereas, that of sgr6 harbored innumerable vesicular-like VM structures instead of the dynamic VM structures. The
endodermal cell contains starch-accumulating plastids, amyloplasts, and higher plants utilize amyloplast sedimentation as a
means to sense the direction of gravity. Amyloplasts are surrounded by VMs in endodermal cells, and dynamic VM structures
are important for the amyloplast sedimentation. To evaluate the amyloplast sedimentation in sgr6, histological analysis was
performed and revealed that the amyloplast sedimentation was impaired in sgr6. Furthermore, 4D imaging analysis showed that
the VM structures in sgr6 had severe defects in morphological changes and dynamics. Our results suggest a possibility that
SGR6 is involved in the amyloplast sedimentation through the control of morphological changes and dynamics of VM structures
in endodermal cells.
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PHOSPHORYLATION OF ARABIDOPSIS PI4P 5-KINASES INVOLVED IN POLAR TIP GROWTH

Franziska Hempel* (Martin-Luther-University Halle-Wittenberg, Germany), Jennifer Lerche (Martin-Luther-University HalleWittenberg, Germany), Irene Stenzel (Martin-Luther-University Halle-Wittenberg, Germany), Ingo Heilmann (Martin-LutherUniversity Halle-Wittenberg, Germany)
franziska.hempel@biochemtech.uni-halle.de
The regulatory phospholipid, phosphatidylinositol-4,5-bisphosphate (PtdIns(4,5)P2), is involved in the control of multiple
physiological processes that contribute to polar tip growth of pollen tubes. In plants PtdIns(4,5)P2 is synthesized by PI4P 5kinases. In different eukaryotic cells PI4P 5-kinase activity can be modulated by reversible phosphorylation. In vitro tests
demonstrated that recombinant PI4P 5-kinases of plant origin could be phosphorylated by protein kinase A or pollen tube
extracts. The identification of possible phosphorylation sites of PI4P 5-kinases was approached by bioinformatic methods.
Putative sites were selected and modified by site directed mutagenesis. Conserved serine or threonine residues were each
converted into alanine (A) and aspartate (D). The A-substitution variant should mimic the dephosphorylated enzyme, whilst the
D-variant, bearing a negative charge, imitates phosphorylation. In vitro-activity tests and experiments on transiently transformed
pollen tubes provided data about the influence of the substitutions on PI4P 5-kinase functionality. It was shown that D-variants
had lower activity and weak membrane association compared to the A-variant or the parental enzyme. Physiological
functionality of the PI4P 5-kinase variants was tested during transient expression in tobacco pollen tubes. In these experiments
several D-variants showed reduced physiologic effects on pollen tube morphology. Examination of a calculated 3D-model of
plant PI4P 5-kinases indicates that several possible phosphorylation sites are located within the proposed membrane interaction
region of the enzyme. The results so far suggest a phosphorylation-dependent manner of regulation of the membrane
association of PI4P 5-kinases. Furthermore expression of the recombinant protein using the conventional expression host E.
coli offers a variety of possibilities to investigate biophysical properties of PI4P 5-kinases in vitro.
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IDENTIFICATION OF NOVEL ADENYL CYCLASE ACTIVITY IN A DISEASE RESISTANCE PROTEIN IN
ARABIDOPSIS THALIANA

Rana Hussein* (King Abdullah University of Science and Technology, SA), Lara Donaldson (King Abdullah University of
Science and Technology, SA), Chris Gehring (King Abdullah University of Science and Technology, SA)
rana.hussein@kaust.edu.sa
Cyclic nucleotide, cAMP, is an important signaling molecule in animals and plants. However, in plants the enzymes that
synthesize this second messenger, adenylyl cyclases (ACs), remain elusive. Given the physiological importance of cAMP in
signaling particularly in response to biotic and abiotic stresses, it is thus important to identify and characterize ACs in higher
plants. Our laboratory used a computational approach to identify AC catalytic center motifs, and has identified several candidate
nucleotide cyclases some of which have already been proven to have catalytic function in vivo and in vitro. Here, we try to
measure the activity of ACs in the Arabidopsis thaliana, in addition to identifying one candidate Adenyl cyclase annotated as
disease resistance protein. The coding sequence of the putative AC catalytic domain of this protein was cloned and expressed
in E. coli, and the recombinant protein was purified. Then, the nucleotide cyclase activity was examined using cyclic nucleotide
enzyme immunoassays. In parallel, protein was extracted from plasma membrane and cytosol of Arabidopsis thaliana leaves
after treated with salicylic acid, followed by measuring the level of activity of adenyl cyclases using cyclic nucleotide enzyme
immunoassays. We proved that the purified recombinant protein has Mn+2 dependent AC activity in vitro, and this supports the
role cAMP plays in response to plant defense. Future work will include confirming the cyclase activity of the recombinant protein
through its ability to complement a catabolic defect in the fermentation of carbohydrates caused by the absence of cAMP in a
cyaA mutant.

269

FUNCTION OF ARABIDOPSIS THALIANA OS9 IN THE ENDOPLASMIC RETICULUM-ASSOCIATED DEGRADATION
OF GLYCOPROTEINS

Silvia Hüttner* (BOKU Vienna, Austria), Christiane Veit (BOKU Vienna, Austria), Jennifer Schoberer (BOKU Vienna, Austria),
Richard Strasser (BOKU Vienna, Austria)
silvia.huettner@boku.ac.at
Misfolded and unassembeld secretory and transmembrane proteins in the endoplasmic reticulum (ER) must be quickly removed
to avoid aggregation and subsequent cell damage. In this so-called ER-associated degradation (ERAD) pathway, the aberrant
polypeptides are recognized by different ER-localized proteins, transported into the cytosol, ubiquitinated and finally degraded
by the cytosolic proteasome. Many proteins of the secretory pathway are glycoproteins and their N-linked oligosaccharides can
have a direct impact on the folding process and in addition can have an important role in ERAD, for example by “tagging”
terminally misfolded proteins for degradation. We have identified the Arabidopsis thaliana ER-luminal lectin OS9 as a
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component of the plant ERAD pathway. OS9 contains a mannose-6-phosphate receptor homology (MRH) domain, similar to its
mammalian and yeast homologs OS-9 and Yos9, respectively, and can partially complement the ERAD defect in a yeast ∆yos9
strain. OS9 loss-of-function mutants suppress the severe growth phenotype of the bri1-5 and bri1-9 mutant plants, which
express structurally incompetent but functional forms of the brassionsteroid receptor BRI1. Binding of OS9 to certain ERAD
substrates occurs in a glycan-dependent way, most likely via binding of OS9’s MRH domain to specific mannose residues that
are exposed only on misfolded glycoproteins. OS9 also interacts with other members of the plant ERAD complex, like A.
thaliana SEL1L/HRD3. Additionally, OS9 expression is induced by reagents that trigger the unfolded protein response (UPR)
and OS9 deficiency reduces the salt tolerance of seedlings, which indicates an important role of OS9 and the plant ERAD
pathway during ER stress conditions.
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STUDIES ON MEMBRANE TRAFFICKING PATHWAY REGULATED BY PLANT-UNIQUE RAB5 EFFECTOR 2

Emi Ito* (The University of Tokyo, Japan), Takayuki Shirai (The University of Tokyo, Japan), Takashi Ueda (The University of
Tokyo, Japan), Akihiko Nakano (The University of Tokyo and RIKEN ASI, Japan)
em_ito@biol.s.u-tokyo.ac.jp
RAB GTPases including RAB5 are known to act as molecular switches by cycling between GTP-bound and GDP-bound states.
The GTP-bound state is considered as the active form, which interacts with specific effector molecules in a spatiotemporally
regulated manner to induce various downstream reactions, for example, endosomal movement, tethering and fusion of
endosomes, and endosomal signaling. RAB5 is conserved in a broad range of eukaryotic organisms including plants. In addition
to the conventional-type RAB5 orthologs, land plants possess plant-unique RAB5 homologs. In Arabidopsis thaliana, there are
three RAB5 members: RHA1/RABF2a and ARA7/RABF2b, which share high similarity to mammalian RAB5, and ARA6/RABF1,
which is the plant-unique-type of RAB5. Our previous studies indicated that ARA6 and conventional RAB5s regulate different
membrane trafficking pathways. We have also demonstrated that ARA6 mediates abiotic stress responses. The ARA6 functions
are considered to be fulfilled via specific effector molecules, however, molecular machineries underlying ARA6-regulated
trafficking pathways remain unknown. To elucidate the molecular basis of ARA6 functions, we attempted to isolate effector
molecules of ARA6. By yeast two-hybrid screening, we identified a novel ARA6 effector, and designated as Plant-unique RAB5
effector 2 (PUF2). Despite the preferential binding to the active ARA6, PUF2 localized preferentially to ARA7-localizing
endosomes. We have also demonstrated PUF2 takes part in the same trafficking pathway regulated by the conventional
RAB5s. We have also revealed that PUF2 interacts with VPS9a, the common activator of ARA6 and conventional RAB5, and
recruits VPS9a to endosomes. Based on these results, we propose that PUF2 acts as a scaffold to integrate functions of
VPS9a, ARA6, and conventional RAB5 to elaborate the trafficking pathways regulated by these RAB5 molecules.
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ANALYSIS OF INTRACELLULAR SIGNALING PATHWAY IN BRASSICA SELF-INCOMPATIBILITY

Kanae Ito* (NAIST, Japan), Pulla Nakayama (NAIST, Japan), Mitsuru Kakita (NAIST, Japan), Hiroko Shimosato-Asano (NAIST,
Japan), Megumi Iwano (NAIST, Japan), Seiji Takayama (NAIST, Japan)
ka-ito@bs.naist.jp
Many flowering plants have evolved self-incompatibility (SI) systems to inhibit self-fertilization. SI in the Brassicaceae is
controlled by the S-locus, which encodes two polymorphic determinants, SRK (S-receptor kinase) and SP11/SCR (S-locus
protein 11/S-locus cystein-rich protein). In self-pollination, haplotype specific binding of SP11 to SRK induces the
autophosphorylation of SRK, which triggers a signaling cascade leading to the rejection of self-pollen. ARC1 (arm repeat
containing 1), a U-box containing protein with E3 ubiquitin ligase activity, and MLPK (M-locus protein kinase), a membraneanchored cytosolic protein kinase, have been identified as additional components involved in this signaling cascade. However,
the entire mechanisms leading to the arrest of self-pollen hydration and germination remain unclear. Previously, we examined
the dynamics of actin filaments in the stigmatic papilla cell, and found the accumulation of actin bundles at the cross-pollen
attachment site, while the disappearance of actin bundles (likely depolymerization) at the self-pollen attachment site.
Additionally, electron tomography revealed the close association of the actin bundles with the apical vacuole network: crosspollination led to vacuolar rearrangements toward the pollen attachment site, while self-pollination disrupted the vacuole
network. Taken together, our data suggested that self- and cross-pollination differently affect the dynamics of actin cytoskeleton
leading to changes in vacuolar structure that might be associated with the pollen hydration and germination. We are currently
searching for the signaling components in the papilla cell, focusing on these physiological changes differently induced after selfand cross-pollination.
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CIS-GOLGI PROTEINS ACCUMULATE NEAR THE ER EXIT SITES AND ACT AS THE SCAFFOLD FOR GOLGI
REGENERATION AFTER BREFELDIN A TREATMENT

Yoko Ito* (The University of Tokyo, Japan), Tomohiro Uemura (The University of Tokyo, Japan), Keiko Shoda (RIKEN, Japan),
Masaru Fujimoto (The University of Tokyo, Japan), Takashi Ueda (The University of Tokyo, Japan), Akihiko Nakano (The
University of Tokyo and RIKEN, Japan)
yito@biol.s.u-tokyo.ac.jp
The Golgi apparatus plays an essential role in protein modification, sorting, and transport in eukaryotic cells. In animal and plant
cells, the Golgi apparatus consists of several flattened membrane sacs called cisternae, which form a stack. However, little is
known about the mechanism how such a stacked structure is formed and maintained. In contrast to vertebrate cells, whose
Golgi stacks form a complex ribbon-like structure, plant cells provide us great advantage for detailed investigation by live-cell
imaging, because individual Golgi stacks with distinct structure are well separated in the cytoplasm. To examine the dynamics of
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each cisterna of the Golgi apparatus in living plant cells, we have established tobacco BY-2 cell lines expressing multiple Golgi
markers tagged by different fluorescent proteins and performed detailed time-lapse observations. By brefeldin A (BFA)
treatment, which inhibits transport between the endoplasmic reticulum (ER) and Golgi, the Golgi cisternae were disrupted, but
distinct relocalization patterns were caused depending on the proteins examined. Medial- and trans-Golgi proteins, as well as
one cis- Golgi protein, were absorbed into the ER, but particular cis-Golgi membrane proteins accumulated in small punctate
structures. These structures were not ER exit sites, but independent compartments close to the ER exit sites. We also observed
the regeneration of the Golgi apparatus by washing out BFA. This process provides us the idea to unveil the mechanism of
Golgi biogenesis. After BFA removal, the punctate structures with cis-Golgi proteins coalesced first and the Golgi stacks
regenerated from them in the cis-to-trans order. We suggest that these structures have a property similar to the ER-Golgi
intermediate compartment in mammalian cells, and function as the scaffold of Golgi regeneration.
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THE ARABIDOPSIS MEMBRANE-BASED INTERACTOME REVEALS NOVEL NETWORK PATTERNS AND
SINGALING MOTIFS

Alexander Jones* (Carnegie Institution for Science, USA), Sylvie Lalonde (Carnegie Institution for Science, USA), Meng Xu
(Carnegie Institution for Science, USA), Ruisheng Wang (Pennsylvania State University, USA), Chang-hun You (Carnegie
Institution for Science, USA), Maria Sardi (Carnegie Institution for Science, USA), Saman Parsa (Carnegie Institution for
Science, USA), Erika Smith (Carnegie Institution for Science, USA), Nao Kato (Louisiana State University, USA), Reka Albert
(Pennsylvania State University, USA), Sue Rhee (Carnegie Institution for Science, USA), Wolf Frommer (Carnegie Institution for
Science, USA)
Xanderjones@stanford.edu
Membranes biology is fundamental to life, yet protein function at membranes is underexplored. The first large-scale interaction
screen of membrane and signaling proteins is now complete. A yeast mating-based split-ubiquitin system (mbSUS) was used to
screen a collection of over 2,700 unique Arabidopsis ORFs for pair-wise interactions. The main mbSUS screen tested in
quadruplicate over 3 million protein-protein interactions (PPI) in an interaction space of over 6 million PPI. We have identified a
network of over 25,000 putative PPI (PPPI) as our broadest possible network and this is termed MIND1.1 (Membrane-based
Interactome Network Database). Within this network are nested smaller, higher confidence networks based on repeated testing,
with the over 4,000 PPPI in MIND1.1 Gold comprising the highest confidence network. In addition, selected PPPI have been
tested in orthogonal assays in plant cells (i.e. split-luciferase, BiFC and FRET analyses). The complete MIND dataset is now
available in a new web portal for network visualization and is a powerful resource for enrichment of Arabidopsis proteomics and
functional genomics knowledge, testing of general interactome scale networking and evolutionary hypotheses, and finally for the
discovery of specific emergent properties of the Arabidopsis interactome. Comparative analysis with interactions from the
literature reveals that the vast majority of MIND PPPIs are novel, and therefore are critical expansions of current interactome
level datasets. A key property of the membrane-based interactome is a prevalence of enriched interactions between protein
families. Among these are inter-family patterns that potentially reveal fundamental plant signaling motifs. Specific features of
the MIND network and their impact on our understanding on membrane biology are discussed.
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NOVEL REGULATORS IN INTRACELLULAR TRAFFICKING OF AUXIN TRASPORTERS IDENTIFIED BY FORWARD
GENETICS SCREEN IN ARABIDOPSIS

Mike Karampelias* (Plant Systems Biology – VIB, Gent University, Belgium), Lukasz Langowski (Plant Systems Biology – VIB,
Gent University, Belgium), Jiri Friml (Plant Systems Biology – VIB, Gent University, Belgium)
mikar@psb.vib-ugent.be
The plant hormone auxin contributes to coordination of tissue and organ development including tissue and cell polarization.
Local auxin maxima are achieved by directional auxin flow through tissues that is mediated by efflux and influx carriers polarly
localized on the plasma membrane of transporting cells. Dynamic cellular polarity of PIN auxin efflux carriers determines
directionality of auxin transport and thus is of great developmental importance. Subcellular polar delivery of PINs is assured by
constitutive endocytic recycling from and to the plasma membrane. Treatments with the trafficking inhibitor Brefeldin A (BFA)
block the endosomal recycling to the plasma membrane and in a short time, leads to the formation of intracellular membrane
structures, called “BFA bodies”. In order to identify novel components of the mechanism involved in subcellular trafficking and
asymmetric distribution of PIN proteins, we performed forward genetic screen on EMS mutagenised PIN1-GFP population of
Arabidopsis. By differential time and dose treatments with BFA, we identified mutants exhibiting alternative response to BFA in
terms of endocytosis or exocytosis of PIN1 as well as its trafficking between other cellular compartments. Here we present
partial characterization of selected mutants affected in BFA-sensitive PIN trafficking.
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ACTIN AND ACTIN-INTERACTING PROTEIN1-2 INTERACTIONS DURING PLANAR POLARITY FORMATION IN
ARABIDOPSIS

Christian Kiefer* (Umeå University, Sweden), Andrea Claes (Uppsala University, Sweden), Yoshihisa Ikeda (Umeå University,
Sweden), Markus Grebe (Umeå University, Sweden)
christian.kiefer@plantphys.umu.se
The establishments of cell and tissue polarity are important processes during the development of various organisms. Cell
polarity refers to the persistent asymmetric organization of molecules or structures relative to the axis and direction of the cell or
the organism. When cell polarity is established in the plane of a tissue layer, it is referred to as planar or tissue polarity. The
emergence of root hairs in trichoblast cell files in the Arabidopsis root epidermis is polarly organized. Root-hair outgrowths
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initiate from the outer membrane of the epidermal cells close to their root-tip oriented (basal) ends. Analyses of root hair position
phenotypes of actin mutants revealed the involvement of specific isoforms in this process. In parallel, we isolated ACTININTERACTING PROTEIN1 (AIP1) isoforms as interactors of Arabidopsis actins in the yeast two-hybrid system and found that
mutations in the AIP1-2 isoform induced slight defects in planar polarity of the Arabidopsis root epidermis. The relevance of the
identified interactions in vivo is supported or specified by the observation of genetic interactions in planta evidenced by analyses
of the root hair positioning phenotypes of various double mutant combinations. To further address this interaction, we initially colocalized actin and AIP1-2 by confocal laser scanning microscopy using fluorescent cytoskeletal markers and fluorescently
tagged functional AIP1-2. Analysis of the subcellular localization of AIP1-2 proposes a role in dynamic actin reorganization
during polar hair initiation in epidermal hair cells, whereas cell file-specific expression suggests patterning of dynamic actin
reorganization in the Arabidopsis root epidermis.
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SEL1 (SEEDLING LETHAL 1), A MEMBER OF PENTATRICOPEPTIDE REPEAT (PPR) PROTEIN, IS INVOLVED IN
CHLOROPLAST DEVELOPMENT IN ARABIDOPSIS

Anna Kim* (Yonsei university, Korea), Young Jae Pyo (University of California-Berkeley, USA), MyeonHaeng Cho (Yonsei
university, Korea)
anna81@yonsei.ac.kr
It is widely known that chloroplasts are derived from free-living bacterial ancestors and have their own genome. Nucleusencoded proteins that localize in chloroplasts are important to regulate gene expression of chloroplasts. Among these proteins,
pentatricopeptide repeat (PPR) protein family which is characterized by presence of a degenerate 35-amino acid repeat motif is
a prominent post-transcriptional gene regulation factor within organelles. Here, we isolated a T-DNA insertion mutant named
sel1 (seedling lethal1) in which a PPR gene is disrupted. Null sel1 mutant exhibited pigment defective and seedling lethal
phenotype. Confocal microscopic analysis showed that the SEL1-GFP fusion protein is localized in chloroplasts. Transmission
electron microscopic analysis showed that the chloroplast development is severely impaired in sel1 mutants. Western blot
analysis revealed that sel1 mutants could not accumulate plastid-encoded proteins involved in photosynthesis. Additionally,
transcript profiles of chloroplast genes revealed that sel1 mutants have global defects in chloroplast gene expression: level of
plastid-encoded polymerase (PEP) dependent gene expression is lower and level of nucleus-encoded polymerase (NEP)
dependent gene expression is similar or higher in sel1 mutants than that of WT. These results suggest that SEL1 may play a
role in regulation of plastid gene expression during chloroplast development. The possible role of SEL1 in chloroplast gene
expression will be discussed. [This work has been supported by the KRF Grant funded by the Korean Government (20100014284) and the BK21 program (YBRI) of Korea].
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SMALL HEAT SHOCK PROTEIN HSP17.8 FUNCTIONS AS AN AKR2A COFACTOR IN THE TARGETING OF
CHLOROPLAST OUTER MEMBRANE PROTEINS IN ARABIDOPSIS

Dae Heon Kim* (POSTECH, Korea), Zheng-Yi Xu (POSTECH, Korea), Yun Jeong Na (POSTECH, Korea), Yun-Joo Yoo
(POSTECH, Korea), Junho Lee (POSTECH, Korea), Go Eun Lee (POSTECH, Korea), Inhwan Hwang (POSTECH, Korea)
dheonkim@postech.ac.kr
The plastid proteins synthesized in the cytosol are post-translationally targeted to plastids. Ankyrin repeat protein 2A (AKR2A)
and AKR2B were recently shown to be involved in the targeting of proteins to the plastid outer envelope. However, it remains
unknown whether other factors are involved in this process. In this study, we investigated a factor involved in AKR2A-mediated
protein targeting to chloroplasts. Hsp17.8, a member of class I (CI) cytosolic small heat shock proteins (sHsps), was identified in
interactions with AKR2A. The interaction between Hsp17.8 and AKR2A was further confirmed by coimmunoprecipitation
experiments. The C-terminal ankyrin repeat domain of AKR2A was responsible for AKR2A binding to Hsp17.8. Other CI
cytosolic sHsps also interact with AKR2A to varying degrees. Additionally, Hsp17.8 binds to chloroplasts in vitro and enhances
AKR2A binding to chloroplasts. HSP17.8 was expressed under normal growth conditions and its expression increased after
heat shock. Hsp17.8 exists as a dimer under normal physiological conditions and it is converted to high oligomeric complexes,
ranging from 240 kD to greater than 480 kD, after heat shock. High levels of Hsp17.8 together with AKR2A resulted in increased
plastid targeting of OEP7, a plastid outer envelope protein expressed as a GFP fusion protein. In contrast, artificial microRNA
suppression of HSP17.8 and closely related CI cytosolic sHSPs in protoplasts resulted in reduction of OEP7:GFP targeting to
plastids. Based on these data, we propose that Hsp17.8 functions as an AKR2A cofactor in targeting membrane proteins to
plastid outer membranes under normal physiological conditions.
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OEF18, A NOVEL 18 KDA PROTEIN AT THE CHLOROPLAST ENVELOPE AND PEROXISOMES AFFECTS
CHLOROPLAST DEVELOPMENT AND PLANT GROWTH

Przemyslaw Kmiecik* (University of Vienna, Austria), Simon Stael (University of Vienna, Austria), Roman G. Bayer (University of
Vienna, Austria), Agostinho G. Rocha (LMU Munich, Germany), Phlipp Schulz (Bayer CropScience, Belgium), Matthew Hannah
(Bayer CropScience, Belgium), Ute C. Vothknecht (LMU Munich, Germany), Markus Teige (University of Vienna, Austria)
przemyslaw.kmiecik@univie.ac.at
We performed a bioinformatic screen for chloroplast-localized EF-hand proteins and a proteomics approach combined with
2+
affinity chromatography to identify Ca -binding proteins at and within chloroplasts. Both approaches revealed a novel 18 kDa
protein with an N-terminal EF-hand and two transmembrane domains in the C-terminus. The localization at chloroplasts and
peroxisomes was confirmed with different approaches and the topology determined with the N- and C-terminus facing to the
2+
cytosol using a self-assembly GFP fusion system. We could show that OEF18 was able to bind Ca , depending on its EF-hand.
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Moreover, OEF18 knockout and overexpressor plants exhibited a growth phenotype, both at the seedling stage on agar plates,
as well as at the mature stage in soil. Finally, OEF18-YFP overexpressor plants showed a clustered distribution of chloroplasts,
2+
similar to the clmp1 mutant. This effect was most pronounced in petioles of young plants and could indicate a role of Ca
signalling in chloroplast biogenesis or the regulation of chloroplast distribution in the cell.

279

INVOLVEMENT OF ARABIDOPSIS MAPKS IN THE ASSEMBLY AND FUNCTION OF MITOTIC SPINDLE AND
PHRAGMOPLAST OF ARABIDOPSIS THALIANA

George Komis* (Centre of the Region Haná for Biotechnological and Agricultural Research, Department of Cell Biology, Palacký
University Olomouc, Czech Republic), Martina Beck (The Sainsbury Laboratory, John Innes Center, UK), Jozef Šamaj (Centre
of the Region Haná for Biotechnological and Agricultural Research, Department of Cell Biology, Palacký University Olomouc,
Czech Republic)
georgios.komis@upol.cz
The phenotype analysis of a mitogen-activated protein kinase kinase kinase (MAPKKK) double mutant anp2anp3 (Arabidopsis
homologue of nucleus and phragmoplast associated kinase) and a mitogen-activated protein kinase mpk4 mutant of
Arabidopsis thaliana showed the occurrence of bi- and multinucleate cells and incomplete cell plates, resulting from defective
cytokinesis. Microscopic analysis of mitotic and cytokinetic microtubule organization as well as live imaging of mutant and wild
type dividing cells, showed in the former, aberrant mitotic spindle formation with delayed progression and abortive expansion of
the phragmoplast. Similar defects were observed in wild type plants treated with the specific MAPKK inhibitor PD98059.
Immunofluorescent localization of MPK4 showed its occurrence in phragmoplasts suggesting its role in the regulation of
cytokinesis. Co-immunoprecipitation experiments showed that MPK4 interacts with the microtubule associated protein MAP651, while Phos-Tag mediated gel retardation assay showed that MAP65-1 is underphosphorylated in the anp2anp3 and mpk4
mutants. In conclusion, it seems that ANP2, ANP3 and MPK4 constitute a post-anaphase signaling module regulating
microtubule rearrangements by targeting MAP65-1.

280

TWO INTERACTING PROTEINS REGULATING INTERCELLULAR TRANSPORT OF HOMEODOMAIN PROTEINS

Friedrich Kragler* (Max Planck Institute of Molecular Plant Physiology, Golm, Germany; Department of Biochemistry, University
of Vienna, Austria) Ewelina Sokolowska (Max Planck Institute of Molecular Plant Physiology, Golm, Germany), Daniela
Fichtenbauer (Department of Biochemistry, University of Vienna, Austria), Nikola Winter (Department of Biochemistry, University
of Vienna, Austria)
kragler@mpimp-golm.mpg.de
The KNOX class homeodomain (HD) proteins SHOOT MERISTEMLESS (STM) and BREVIPEDICELLUS (KNAT1/BP) are
transcription factors essential for proper maintenance of the shoot apical meristem. Both move from cell to cell via
plasmodesmata broadening their range of action by informing neighboring cells about the differentiation status. Their availability
and movement has to be tightly controlled for proper function of the shoot apical meristem. KNOX proteins are defined by two
domains: i) the HD mediating RNA- and DNA-binding and cell-to-cell movement, and ii) the KNOX domain essential for
dimerization with BEL1-like HD proteins. We identified a novel KNOX-domain BINDING PROTEIN (KNB1). KNB1 is a small 16
kDa coiled-coil protein expressed adjacent to meristems and seems to regulate KNOX protein presence. KNB1 interacts with a
number of BEL1-like HD proteins and with the microtubules-associated and intercellular movement inhibitor protein MPB2C.
KNB1, with the help of MPB2C, appears to have a negative effect on protein presence by submitting HD proteins to
proteasome-mediated degradation. We propose that KNB1 together with MPB2C controls the presence and movement of HD
proteins in tissues neighboring the shoot meristems.

281

THE INFLUENCE OF PHOSPHATIDYLOINOSITOL KINASE INHIBITORS: WORTMANNIN AND LY294002 ON
CHLOROPLAST MOVEMENTS IN ARABIDOPSIS THALIANA

Justyna Labuz* (Jagiellonian University, Poland), Chhavi Aggarwal (Jagiellonian University, Poland), Halina Gabrys
(Jagiellonian University, Poland)
justyna.sojka@uj.edu.pl
In Arabidopsis, as in many other plants, chloroplasts respond to different light conditions and move away from strong blue light
to avoid photodamage and/or show an accumulation response under week blue light to optimize photosynthesis. These
processes are controlled by blue/UV-A photoreceptors: phototropin1 and phototropin2. Both phototropins are responsible for the
accumulation response, the avoidance movement is controlled only by photropin2. Apart from the acto-myosin effector system
the information about the signaling pathway from phototropins is still scarce. Calcium ions have been proposed to serve as
secondary messengers and the involvement of phosphoinositide pathway has been shown to control these processes, however
their precise role has not been determined yet. In this study two inhibitors of the phosphatidylinositol3-kinase (PI3K) and
phosphatidylinositol4-kinase (PI4K) were used in three genetic backgrounds, WT and phototropin single mutants, to investigate
the role of the phosphoinositide pathway in the control of chloroplast movements. Both inhibitors, wortmannin and LY294002,
show very severe inhibitory effects on chloroplast accumulation response mediated by both phototropins. The avoidance
movement is less prone to these treatments. The results point on the important role of PI3K and PI4K in the control of
chloroplast accumulation reaction. Additionally, studies using a transgenic line expressing cytosolic aequorin revealed that both
inhibitors reduce a transient increase in cytoplasmic calcium concentration induced by blue light. These results provide evidence
for functioning of PI3P and PI4P in the blue light activated calcium release by phototropins. The obtained data give only a small
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insight into the role of phosphoinositides and calcium signaling in chloroplast movements, however further studies of this
pathway are under way.

282

IN VIVO SUBCELLULAR PHLOEM MAPPING IN ARABIDOPSIS THALIANA

Rozenn Le Hir* (INRA Versailles, France), Thibaud Cayla (INRA Versailles, France), Sylvie Dinant (INRA Versailles, France)
rozenn.le-hir@versailles.inra.fr
In higher plants, photoassimilates are transported from source to sink organ via the phloem, a complex tissue composed of
parenchyma cells, companion cells and sieve elements. For many years, information about the subcellular organization of the
phloem cells has been provided by transmission electron microscopy, which gives a static picture of the cell components and
can be subject of artefacts due to the fixation of the tissues. Visualizing live deep inside tissues like the phloem constitutes a
technical challenge and the identification of the nature and organization of specific subcellular structures from those cells is still
pending. The last decades have seen arise cell biology and confocal microscopy, which allow visualizing live tissues and cells in
a more dynamic view. We produced Arabidopsis transgenic lines carrying different subcellular fluorescent markers, and by softly
peeling the leaves we managed to observe the vascular tissue using confocal microscopy. We obtained an in vivo map of
companion cells and sieve elements cellular organization. For instance, we confirmed the dense organization of the companion
cells that was given by transmission electron microscopy, and could precise in vivo this pattern by identifying a large number of
small vacuoles as well as mitochondria with specific markers. Since the high number of components present in such small cells,
limited movements were observed in comparison to parenchyma cells. Observations of the cytoskeleton organization in the
phloem complex were also performed. Overall, we provide new tools for exploring in vivo the organisation and the dynamic of
companion cells and sieve elements in the model plant Arabidopsis thaliana.

283

ATTRB2, A MEMBER OF SMH (SINGLE-MYB HISTONE) PROTEIN FAMILY, BINDS TO BOTH ARABIDOPSIS- AND
HUMAN-TYPE TELOMERIC DNA SEQUENCES

Won Kyung Lee* (Yonsei University, Republic of Korea), Ji-Hye Yun (Yonsei University, Republic of Korea), Weontae Lee
(Yonsei University, Republic of Korea), Myeon Haeng Cho (Yonsei University, Republic of Korea)
felixia9@yonsei.ac.kr
Telomeres are nucleoprotein complexes at the physical ends of linear eukaryotic chromosomes for a protective cap from fusion
and degradation, and are maintained by a specialized mechanism exerted by telomerase and telomere-binding proteins, which
are evolutionarily conserved.There are several genes in Arabidopsis thaliana known to encode plant telomere binding proteins.
Among them, we have identified AtTRB2, a member of the SMH (Single-Myb-Histone)-like family in Arabidopsis thaliana.
AtTRB2contains a single Myb domain located at its N terminus and Histone H1/H5-like domain located at the center of the
AtTRB2. We performed EMSA (Electrophoretic mobility shift assay) to elucidate DNA binding property of AtTRB2, the results
demonstrated that AtTRB2 binds to double-stranded human telomeric DNA repeats ([TTAGGG]n) with higher affinity than to
Arabidopsis-type telomeric repeats([TTTAGGG]n). AlthoughAtTRB2 is devoid of the additional fourth helix in the Myb-extension
domain, which is found in other plant telomere-binding proteins, the Myb domain of AtTRB2 sufficiently contributes to its
interaction with both human and plant telomeric repeat sequences. These data suggest that AtTRB2 encodes a putative plant
telomere binding protein, which possibly constitutes plant telomere structure and it is a novel protein with distinct properties
distinguished from those of other known putative plant telomere binding proteins, such as AtTBPs, RTBP1 and NgTRF1. Our
results may provide the structural basis for the specificity of AtTRB2 to the human-type telomere sequence, (TTAGGG)n, and for
the possible role of AtTRB2 as a telomeric DNA binding factor in the chromatin organization of Arabidopsis telomere and
subtelomeric regions.[This work has been supported by the KRF Grant funded by the Korean Government (NRF-2008-313C00830) and the BK21 program (YBRI) of Korea]

284

IDENTIFICATION AND ANALYSIS OF THE HIGHLY ESTERIFIED MUCILAGE MUTANT OF ARABIDOPSIS
THALIANA DEFECTIVE IN SEED MUCILAGE

Gabriel Levesque-T* (University of British Columbia, Canada), Kerstin Muller (University of Simon Fraser, Canada), Shawn D
Mansfield (University of British Columbia, Canada), George W Haughn (University of British Columbia, Canada)
gabubc@gmail.com
In Arabidopsis, seed coat epidermal cells secrete mucilage consisting primarily of pectin. Upon hydration, the mucilage swells to
create a gel like capsule around the seed. This mucilage layers represent an important tool for studying pectin biosynthesis in
planta. Pectin methyl esterases (PMEs) are enzymes known to modify the property of the pectin molecule by removing the
methyl group esterified to the galacturonic acid. We have shown that at least 7 of 66 PMEs are highly expressed in Arabidopsis
seed coat. We screened Arabidopsis T-DNA insertion lines for loss-of-function mutants in each of the genes encoding putative
PME in Arabidopsis and identified one line with a seed phenotype. The highly esterified mucilage mutant (hem) has reduced
mucilage halo in water and calcium chloride but a normal-sized halo in EDTA. The mucilage of hem seeds showed an increase
in labeling using JIM7 antibody as shown under a Confocal Microscope. hem mutant seeds are also morphologically distinct
compared with WT as shown by scanning electron microscopy. hem seeds show a delay in embryo development. The
germination rate of AtHEM is also affected as shown by the measure of radicule protrusion and testa rupture. The study of hem
underlines the importance of de-methyl esterification in seed development and mucilage extrusion.
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AN N-GLYCAN-DEPENDEMT ENDOPLASMIC RETICULUM QUALITY CONTROL SYSTEM TO DEGRADE
MISFOLDED BRASSINOSTEROID RECEPTORS

Jianming Li* (University of Michigan, USA), Wei Su (University of Michigan, USA), Zhi Hong (University of Michigan, USA),
Yidan Liu (University of Michigan, USA), Yang Xia (University of Michigan, USA)
jian@umich.edu
Asparagine-linked glycans (N-glycans) are crucial signals for protein folding, quality control, and endoplasmic reticulumassociated degradation (ERAD) in yeast and mammals. While similar quality control systems were reported in plants, little is
known about their molecular components and biochemical mechanisms. Our recent genetic studies revealed that the dwarf
phenotype of two brassinosteroid (BR) receptor mutants, bri1-5 and bri1-9 each carrying a single amino acid change, is caused
by ER retention of the mutant bri1 proteins and their subsequent degradation by an ERAD process. Mutations in EMSmutagenised Bri1 Suppressors 1 and 2 (EBS1 and EBS2) encoding two components of an overzealous ER quality control
system result in escape of the mutant bri1-9 protein from the ER to the plasma membrane where bri1-9 can initiate BR
signaling, leading to phenotypic rescue of its BR-insensitive dwarf phenotype. Genetic screens looking for additional bri1-9
suppressors led to identification of 5 additional ebs mutants (ebs3 – ebs7) that accumulated high levels of bri1-9 protein and
regained BR sensitivity. Map-based cloning of these 5 suppressor genes, reverse genetic studies of several Arabidopsis
homologs of known yeast/mammalian ERAD components, and subsequent biochemical investigations not only revealed a
conserved N-glycan signal that tags bri1-5 and bri1-9 for ERAD but also identified several key components of the Arabidopsis
ERAD machinery that degrades the mutant BR receptors.

286

NOVEL CELL BIOLOGICAL MODEL SYSTEM TO DISSECT DIFFERENTIAL GROWTH CONTROL IN PLANTS

Christian Löfke* (University of Natural Resources and Life Sciences, Austria), Maria Schöller (University of Natural Resources
and Life Sciences, Austria), Jürgen Kleine-Vehn (University of Natural Resources and Life Sciences, Austria)
christian.loefke@boku.ac.at
Coordinated cellular development has outstanding importance for asymmetric growth regulation, ultimately controlling plant
architecture. However, plant growth regulation is poorly understood. Root epidermal cells are regularly spaced in root hair
(trichoblast) and non-hair (atrichoblast) cells. The first visible differences between tricho- and atrichoblast cells are already
detectable in the meristematic region, where trichoblast cells show a more intense cytoplasmic staining, shorter cells that
undergo a higher rate of cell division and a delay in vacuolization relative to cell elongation. We use the root epidermal cells as a
model system to decipher cell size determination in plants. In this system, we systematically address auxin regulated cellular
division, elongation and differentiation events. We particularly focus on auxin-dependent osmoregulation and its importance in
turgor driven cell expansion. Beside developmental genetics and cell biological approaches, we furthermore use chemical
genomics to unravel cell biological mechanisms that guide cellular growth in epidermal cell files required for organ size
determination.

287

ARABIDOPSIS THALIANA GIPS ARE PHOSPHORYLABLE PROTEINS INVOLVED IN G2-M REGULATION OF
MICROTUBULE DYNAMICS AND/OR ORGANIZATION

Kinda Masoud* (Institut de Biologie Moléculaire des Plantes, France), Jean-Luc Evrard (Institut de Biologie Moléculaire des
Plantes, France), Etienne Herzog (Institut de Biologie Moléculaire des Plantes, France), Anne-Catherine Schmit (Institut de
Biologie Moléculaire des Plantes, France)
kinda.masoud@ibmp-cnrs.unistra.fr
An increasing number of proteins take part in the signalling cascades leading to mitotic chromatid segregation. Among them,
GIP1 and GIP2 interact with Gamma-tubulin Complex Protein 3, a member of the microtubule nucleating complex. gip1 gip2
knock down plants exhibit less robust spindles suggesting a role of GIPs during G2-M on microtubule dynamics and/or
organization. As phosphorylations are often linked to regulatory pathways, we addressed the question whether GIPs may
belong to mitotic kinase substrates. In silico analysis showed that GIP proteins share a few number of putative phosphorylation
sites. Among them a putative Aurora kinase specific site has been highlighted. Purified recombinant Aurora1 were successfully
used to check its capability for in vitro GIP1 phosphorylation. The phosphorylated aminoacids were identified using mass
spectrometry. Only one serine located in the C-terminal part of the protein was post-translationally modified. In order to study
the role of this Aurora1 serine phosphorylation, we generated specific gip phosphomutants either mimicking unphosphorylated
GIP1 (S->A) or constitutively phosphorylated GIP1 (S->D). In both cases, Aurora1 was no more able to phosphorylate the
mutated substrates, confirming that only one serine is targeted by Aurora1. To address the role of these different configurations
in vivo, we transformed gip1 gip2 knock down mutants exhibiting a strong growth phenotype by WT and phosphomutated forms
S->A
S->D
of GIPs. Whereas WT GIP1 complementation mostly restored a WT-like phenotype, neither GIP1
nor GIP1
expression
were efficient. This suggests that GIP’s phosphorylation might occur transiently and that both forms are needed for efficient
regulation of GIP’s activity.

288

DISSECTING THE REQUIREMENT FOR PLANT RANGAP1 SUBCELLULAR TARGETING AND GAP ACTIVITY FOR
ITS CELLULAR AND DEVELOPMENTAL FUNCTIONS

Iris Meier* (The Ohio State University, USA), Joanna Boruc (The Ohio State University, USA), Thushani Rodrigo-Peiris (The
Ohio State University, USA)
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meier.56@osu.edu
RanGAP is an accessory protein of Ran signaling, which is involved in nucleocytoplasmic transport, spindle organization and
post-mitotic nuclear assembly. These functions of RanGAP are conserved across higher eukaryotic organisms. However, we
have recently discovered a novel function for higher plant RanGAP in cytokinesis, possibly reflecting the phragmoplastdependent division of plant cells. We have shown that Arabidopsis RanGAP1 is a continuous marker of the cell division plane
and it is required for proper cell division and plant development, likely independent of its role in nucleocytoplasmic trafficking.
We have created Arabidopsis mutant lines with decreasing RanGAP levels and increasing phenotypic severity. These mutants
are a valuable tool to dissect the requirement for the GAP activity and/or mitotic subcellular addresses of RanGAP for its role in
plant cell division and development. We have identified a point mutation in the targeting domain of RanGAP that blocks all
subcellular positioning during mitosis, but which still complements a temperature-sensitive yeast RanGAP mutant strain.
Moreover, we have constructed point mutations that block the GAP activity, but do not interfere with the subcellular positioning.
Through the complementation of the mutant plants with these mutant versions of the protein, we are currently testing which
features of Arabidopsis RanGAP are required for its roles in cell division and plant development. These data will further evaluate
our hypothesis of a separate evolution of RanGAP targeting mechanisms and its subfunctionalization in different kingdoms.

289

REGULATION OF CELL SIGNALING BY PP2C-TYPE PROTEIN PHOSPHATASES

Irute Meskiene* (Medical University of Vienna, Austria and Institute of Biotechnology, Vilnius University, Lithuania), Alois
Schweighofer (Institute of Biotechnology, Vilnius University, Lithuania)
irute.meskiene@univie.ac.at
Developmental and stress-induced signaling pathways utilize MAPK cascades, which involve activation of MPK4, MPK3 and
MPK6 in Arabidopsis plants. However, it is not well understood how in different pathways where the same MAPKs are being
activated the specificity of the signaling is attained. We suggest that specific spatial and temporal action of MAPKs is ensured
by the action of different negative regulators - the protein phosphatases, which are utilized to inactivate the MAPKs and may at
the same time provide the specificity for the signaling. Identification and characterization of serine-threonine PP2C-type cluster
B MAPK phosphatases AP2C1, AP2C2, AP2C3 and AP2C4 demonstrate that these phosphatases interact with, co-localize and
inactivate MAPKs MPK3, MPK4 or MPK6. AP2C3 phosphatase specifically is able to stimulate cell proliferation and conversion
of epidermal cells into stomata. Constitutive or inducible AP2C3 expression leads to deregulation of cell cycle and proliferation
of stomata lineage cells. We demonstrate that expression of AP2C3 within its native domain (AP2C3::AP2C3-GFP) indicates its
role as a critical factor in regulation of stomata density. We show that intracellular localization of MAPK interaction with AP2Cs is
important and required for the protein phosphatase to induce cell divisions and convert epidermal cells into stomata. Taken
together, we demonstrate that AP2C protein phosphatases are important signaling regulators in plant developmental and stress
responses.

290

ATSAC2-ATSAC5-PRODUCED PI(3,5)P2 CONTROLS PVC TO VACUOLE TRANSITION IN ARABIDOPSIS.

Petra Novakova* (VIB, Ghent University, Belgium), Sibylle Hirsch (University of University of Zürich, Switzerland), Ricardo Tejos
(VIB, Ghent University, Belgium), Elena Feraru (University of Applied Life Sciences and Natural Resources, Austria), Jiří Friml
(VIB, Ghent University, Belgium)
penov@psb.vib-ugent.be
The phosphatidylinositol is a minor phospholipid present in the cytosolic side of cell membranes of all eukaryotes. They can be
phosphorylated at six different positions at the inositol ring to form a variety of different messenger molecules called
Phosphoinositides (PI). The PIs are key regulators of many cellular processes including cell trafficking, cytoskeleton
organization, transcriptional control and response to stress. The reversible phosphorylation, which the PIs undergo by a set of
organelle-specific kinases and phosphatases, make them ideal molecules to regulate those processes in time and space. The
Suppressor of Actin (SAC) domain phosphatases were first identified in yeast and animals and enzymes containing a Sac1
homology domain are able to remove a 5-phosphate from PI substrates. The Arabidopsis genome contains nine genes
encoding SAC domain-containing proteins (AtSAC) which can be divided into three subgroups based in the protein domain they
contain and the substrate preference. In our work we demonstrated the role of AtSAC2-AtSAC5 in plant cellular function. All the
AtSACs in this subgroup co-localize with SYP22-YFP which labels the prevacuolar compartment and the tonoplast membranes.
Mutations in AtSAC2-AtSAC5 genes resulted in the fragmentation of storage and lytic vacuoles opposite to the extra-large
vacuoles present in the AtSAC overexpressors. We were able to mimic the vacuolar phenotype of AtSAC overexpression by
treating wild type seedlings with PI(3,5)P2 indicating that the overall amount of this PI is important for vacuole biogenesis. Taken
together, these results provide evidence that AtSAC2-AtSAC5 are crucial for the maintenance of vacuole morphology and
functional vacuolar trafficking pathway.

291

DOES THE NUMBER MATTER? - THE IMPACT OF THE GENOME COPY NUMBER ON THE CHOMATIN
STRUCTURE.

Hanna Sas Nowosielska* (University of Silesia, Poland), Jolanta Maluszynska (University of Silesia, Poland)
h.sasnowosielska@gmail.com
Chromatin structure is dynamic and changes in response to developmental stage and environmental conditions. One of the
most significant effects is observed when ontogenetical or filogenetical processes are accompanied by polyploidisation (genome
copy number increase). This often takes place as a part of evolution (allo-, autopolyploidisation) or cell differentiation program
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(endopolyploidisation). Multiplied genomes interact with each other resulting not simply in quantitative, but also qualitative
changes in chromatin activity and structure. The most of current knowledge concerning chromatin structure in plant nucleus
comes from studies on the model plant, Arabidopsis thaliana, which is a polysomatic plant. During differentiation its cells may
pass through several rounds of endoreplication. Arabidopsis has a chromocentric type of nuclear organization. The main
components of the chromocenter are the pericentromeric heterochromatin and inactive rDNA. The euchromatin, covering
chromosome arms, forms loops emanating from the chromocenters. It has been shown that the size and number of the
chromocenters is variable depending on cells developmental state and ploidy level. It remains unrevealed how those changes
are impacted by the genome copy number present in the nucleus. It is also unknown whether autopolyploidisation affects the
chromatin structure adjusted during endopolyploidisation. In the presented research we try to answer these questions by
comparing the chromatin structure between nuclei with various genome copy number, obtained on both endo- and
autopolyploidisation pathways.

292

FAIRE (FORMALDEHYDE ASSISTED ISOLATION OF REGULATORY ELEMENTS) FOR ARABIDOPSIS THALIANA

M. Amin Omidbakhshfard* (University of Potsdam, Germany; Max-Planck Institute of Molecular Plant Physiology, Germany),
David Alejandro Urbina Gomez (Universidad de los Andes, Colombia), Diego Mauricio Riaño Pachón (Universidad de los
Andes, Colombia), Samuel Arvidsson (Max-Planck Institute of Molecular Plant Physiology, Germany), Bernd Mueller-Roeber
(University of Potsdam, Germany; Max-Planck Institute of Molecular Plant Physiology, Germany)
omidbakhshfard@mpimp-golm.mpg.de
FAIRE is a procedure allowing the isolation of nucleosome-depleted regions from eukaryotic chromatin. FAIRE is based on the
fact that different chromosomal regions are cross-linked to formaldehyde with different efficiencies, depending on the openness
of the chromatin and the proteins binding to it. It has been used by researchers to identify differences in chromatin structures in
different cell types (e.g. healthy vs. sick cells); FAIRE has also been employed to discover gene regulatory elements (e.g. motifs
in promoters) genome-wide. Generally, in non-dividing cells chromosomal DNA is packed together with histones in nucleosomes
forming a condensed structure. However, active parts of the chromatin (e. g. promoters of expressed genes) are more open and
located outside of nucleosomes. Such regions of the chromatin can be straightforwardly isolated using a simple biochemical
phenol-chloroform extraction procedure after formaldehyde-mediated crosslinking of histones to chromosomal DNA and random
fragmentation of the DNA by sonication. The extracted genomic DNA fragments are generally free of histones and represent
regions containing regulatory elements (to which transcription factors bind). Such genome segments can be analyzed by
quantitative PCR, hybridization to genome tiling arrays or deep sequencing. We established the FAIRE method for the analysis
of regulatory elements in Arabidopsis. We used FAIRE on seedling treated with the pharmacological compound 3-amino-1,2,4triazole (3-AT) which inhibits catalase thus leading to an intracellular rise in H2O2 level. FAIRE-isolated genomic fragments were
subjected to deep sequencing resulting in around 100 million paired-end reads per sample (control and 3-AT-treated). We
detected 348 FAIRE peaks differing between control and treated samples, representing candidate regulatory elements for H2O2dependent chromatin and/or expression changes. The results will be presented.

293

IRE1-DEPENDENT DECAY OF MESSENGER RNAS IN ARABIDOPSIS THALIANA REVEALS A CONECCTION
BETWEEN UNFOLDED PROTEIN RESPONSE AND CELL WALL FORMATION

Ariel Orellana* (Universidad Andres Bello, Chile), Adrian Moreno (Universidad Andres Bello, Chile), Francisca Blanco
(Universidad Andres Bello, Chile)
aorellana@unab.cl
The unfolded protein response (UPR) is a cellular process triggered by the accumulation of misfolded protein in the lumen of
endoplasmic reticulum. IRE1 is a transmembrane protein with a kinase and endonuclease domain involved in the sensing and
signaling during the UPR. Signaling by IRE1 requires the cleavage of AtbZIP60 mRNA in Arabidopsis thaliana. Once the
endonuclease domain of IRE1 cleaves AtbZIP60, it is proposed that the remaining mRNA pieces are joined by a tRNA ligase
leading to what is known as an unconventional splicing, producing a processed form of AtbZIP60 that is involved in the
regulation of UPR related genes. Nevertheless, it is not clear whether in Arabidopsis thaliana IRE1 can cleavage other mRNAs
as it occurs in other model systems such as Drosophila melanogaster and mouse fibroblast. In order to analyze if IRE1 can
process other mRNAs, we surveyed available transcriptomic data from Arabidopsis plants treated with tunicamicyn and
dithiothreitol (DTT), for transcripts that are downregulated after 2 hours of treatment. Interestingly, we found decay in several
transcripts encoding proteins related to cell wall. To confirm the mRNA decay we performed qPCR analysis of these transcripts
in samples from plants treated with tunicamicyn and DTT. The role of IRE1 in the mRNA decay was further analyzed using IRE1
mutants and a IRE1 double mutant since the Arabidopsis genome has two genes encoding IRE1 (IRE1a and IRE1b). Since, the
IRE1 recognition site for the cleavage of bZIP60 is based in the secondary structure of the mRNA; we searched for similar
motifs on the selected mRNAs and found certain similarities to the bZIP60 cleavage site. Our data suggest that regulated IRE1dependet decay of cell wall related mRNAs exist in plants and may have consequences cell wall formation.

294

THE ARABIDOPSIS AT1G02410 GENE LOCUS: FUNCTIONAL HOMOLOGY STUDY WITH THE YEAST COX11
GENE, ENCODING A MITOCHONDRIAL COPPER CHAPERONE

Ivan Radin* (Technische Universität Dresden, Germany), Iris Steinebrunner (Technische Universität Dresden, Germany),
Gerhard Rödel (Technische Universität Dresden, Germany)
Ivan.Radin1@mailbox.tu-dresden.de
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The highly conserved protein COX11 (cytochrome c oxidase 11) is part of a Cu chaperone system in mitochondria. This Cu
+
binding protein, located in the inner mitochondrial membrane, is involved in the insertion of Cu into the COX1 subunit of
complex IV. In A. thaliana the gene locus At1g02410 is predicted to encode the homologous protein (AtCOX11), but this has so
far not been confirmed by experimental data. Our aim was to investigate the functional homology between the S. cerevisiae
ScCOX11 and the Arabidopsis homolog candidate AtCOX11, which share an identity of 32% of their amino acids. In a genetic
complementation approach, rescue of the respiratory deficient phenotype of a yeast ∆cox11 mutant was attempted with the
AtCOX11 and two chimeric constructs. One construct (AtChim) consists of the C-terminal region from ScCOX11 (containing the
Cu-binding motif) while the transmembrane anchor and the N–terminal region including the mitochondrial targeting sequence
stem from AtCOX11. In the other chimera (ScChim) the origin of the sequences is vice versa. The ability of these constructs to
restore respiration of ∆cox11 was tested under different experimental set-ups. Only in the case of AtChim (moderately
expressed from a single copy vector) respiration was restored in a small subset of cells (<1%), while the other constructs were
not able to confer growth. Obviously, there is no functional homology with regard to respiratory function between yeast and
Arabidopsis COX11. The sporadic growth of yeast expressing AtChim might be caused by secondary mutations allowing the
functionality of AtChim. ∆cox11 mutant strains exhibit increased sensitivity to H2O2 compared with the wild type (WT). COX11
+
may therefore function in H2O2 resistance beside its function in Cu transport. We are currently testing the ability of AtCOX11
and the chimeras to restore the WT phenotype. Respective data will be presented.

295

INVOLVEMENT OF THE BIOSYNTHETIC ROUTE AND THE ENDOCYTOSIS ON THE LOCALIZATION OF ATPRP1
AND ATPRP3 AT THE ROOT HAIR CELL WALL

Cecilia Rodriguez-Furlán* (Universidad Andrés Bello, Chile), Ariel Orellana (Universidad Andrés Bello, Chile), Mary Tierney
(University of Vermont, EEUU)
cecirf@gmail.com
ATPRP1 and ATPRP3 are cell wall structural Proline Rich Proteins (PRPs). They are specifically expressed in the root hair
growing cells. It has also been reported that ATPRP3 preferentially accumulates at the root hair tip whereas ATPRP1 presents a
non-polarized distribution within the growing root hair cell wall. In this work we analyzed the involvement of the biosynthetic
route and the endocytosis for the correct localization of these proteins. Confocal microscopy analyses show that traffic of
vesicles containing ATPRP1-GFP and ATPRP3-GFP was concentrated on the tip of the root hair. Co-localization studies with
the endocytic tracer FM4-64 showed co-distribution with ATPRP3-GFP within structures that resemble putative early
endosomes. In contrast, no colocalization of FM4-64 and ATPRP1-GFP was observed. Treatments with Brefeldin A (BFA),
caused the aggregation of ATPRP3-GFP into larger agglomerations, called BFA bodies, that also co-stained with FM4-64. In
addition, after 2 hrs of treatment with cycloheximide (CHX), ATPRP3-GFP was still present in the BFA compartments. Similar
studies showed that AtPRP1-GFP did not co-localize with FM4-64 labeled BFA bodies and no signal was detected for ATPRP1GFP after two hours of treatment with CHX suggesting that proteins produced previous to the CHX application were secreted
and likely not endocytosed. To further characterized ATPRP3-GFP endocytosis we treated the root hairs with wortmannin, a
drug that induces the fusion of plant prevacuolar compartments (PVC). Immunohistochemistry showed that ATPRP3-GFP was
sensitive to wortmannin treatment and co-localized with the PVC marker VSRat-1. These results suggest that ATPRP3
localization at the root hair tip is regulated by both secretory and endocytic mechanism(s) and ATPRP1 localization depends
mainly on the contribution by synthesis de novo. Supported by: FONDAP CRG-15090007; PFB-16; MN-GFP-P10-062F.
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THE CELL WALL INHIBITS THE LATERAL DIFFUSION OF PLANT PLASMA MEMBRANE PROTEINS.

John Runions* (Oxford Brookes University, UK), Alexandre Martiniere (INRA, France)
jrunions@brookes.ac.uk
Cell membranes are composed of a phospholipid bilayer in which proteins are embedded. A cell membrane can be considered
a two dimensional liquid that lipids and proteins are free to diffuse within. Recently, however, several reports have described the
presence of membrane structures which constrain the diffusion of proteins and lipids. Surprisingly very little is known about
protein lateral diffusion within the plant plasma membrane: do proteins behave like their counterparts in animal cell plasma
membranes? We use Fluorescence Recovery After Photobleaching (FRAP) to monitor the lateral diffusion of plant cell
membrane proteins. In contrast to expectation, we are finding that the vast majority of membrane proteins are very immobile. To
avoid the confounding effects that would result from protein-protein interactions, we have designed artificial ‘minimal’ plasma
membrane insertion constructs fused to GFP. These are ‘minimal’ in the sense that all intra-, and extracellular potentially
interacting domains have been truncated. Interestingly, some of these constructs still do not diffuse freely within the plasma
membrane and neither the cytoskeleton nor inclusion in lipid rafts seems responsible for the constraint. Cell wall integrity
strongly influences lateral mobility, however. When the cell wall is removed, most GFP-tagged constructs become fully mobile.
Our results suggest that, in plants, plasma membrane proteins are in general very immobile due to an as yet unknown
interaction with the cell wall. We have recently followed up this research with single molecule tracking of plasma membrane
proteins by TIRF microscopy and this work is yielding very interesting results. Alteration of the cellulose deposition pattern within
the cell wall by isoxaben treatment significantly restricts the domain within which plasma membrane proteins are free to diffuse.
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PMEI5, A PECTIN METHYLESTERASE INHIBITOR INVOLVED IN MUCILAGE RELEASE AND COMPOSITION

Susana Saez-Aguayo* (IJPB, INRA, France), Marie-Christine Ralet (BIA, INRA, France), Adeline Berger (IJPB, INRA, France),
Helen M. North (IJPB, INRA, France)
susana.saez-aguayo@versailles.inra.fr
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A mucilage capsule is formed around imbibed Arabidopsis seeds from hydrated polysaccharides. These polysaccharides are
accumulated in the epidermal cells of the seed coat during seed development. The role of this mucilage remains an enigma, but
it could aid seed dispersal or modulate seed germination. Arabidopsis mucilage is formed of two structurally distinct layers both
of which are mainly composed of the pectin rhamnogalacturonan I (RGI). The water-soluble layer can easily be removed from
the seed, whereas the adherent layer is strongly attached to the seed. The latter also contains minor amounts of other
polysaccharides: cellulose microfibrils and traces of arabinan, galactan and methylesterified homogalacturonan (HG). Here we
present a PMEI mutant, which does not immediately release mucilage upon imbibition. PMEIs are proteinaceous inhibitors of
pectin methylesterases (PMEs) through the formation of a 1:1 PMEI-PME complex. PMEs are able to demethylate HG in the
extracellular space. Studies of gene and protein expression are coherent with a role for PMEI5 in the modification of pectin in
seed coat epidermal cells. PME activity present in dry seeds was modified in a PMEI5 knockout mutant and over-expressor
lines. Immunolocalization and biochemical analysis of pmei5-1 mutant mucilage found lower levels of methylesterified HG
compared to wild type. Together the results show that the PMEI5 inhibitor plays a role in controlling the degree of HG
methylesterification in both soluble and adherent mucilage, through the modulation of PME activity. The absence of
methylesterified HG modified not only the structure and mechanical properties of the polysaccharides in mucilage, but also the
properties of the seed coat epidermal cell walls. The observation that the modification of a minor mucilage component is
sufficient to affect its release upon imbibition provides important data about the effects of methylesterification on HG
physicochemical properties.
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HOW IS SECRETION INVOLVED IN EXPORT OF STEM CUTICULAR WAX AND CELL WALL BIOSYNTHESIS IN
THE SEED COAT EPIDERMIS?

Lin Shi* (University of British Columbia, Canada), Gillian Dean (University of British Columbia, Canada), Huanquan Zheng
(McGill University, Canada), George Haughn (University of British Columbia, Canada) Ljerka Kunst (University of British
Columbia, Canada)
shilin04@interchange.ubc.ca
The primary aerial surfaces of plants are covered by a lipidic cuticle, which protects them against non-stomatal water loss,
serves as a barrier to pathogen invasion and prevents organ fusion. The cuticle consists of cutin and cuticular waxes, which are
made in the epidermal cells. The biosynthesis of cuticular waxes has been studied for years and the major biosynthetic
pathways are established. However, little is known about the export of wax molecules to the plant surface. Recently, we
discovered that one of the wax-deficient mutants, wax10, has a reduced wax load on the stem surface compared to the wild
type due to a defect in the secretory pathway. In addition, the wax10 mutant also has a defect in seed coat mucilage release
during hydration, and exhibits a delay in the production of the secondary cell wall in the seed coat epidermal cells. These data
suggest that WAX10 is involved in the transport of wax molecules, or of the wax transporters, or both, to the plasma membrane,
as well as the transport of components required for cell wall biosynthesis in the seed coat epidermis. To investigate the role of
WAX10 in these processes, I will determine the sub-cellular localization of wax transporters, CER5 and ABCG11, the mucilage
modifying enzyme, MUM2, and the cell wall biosynthetic enzyme, CESA5, in the wax10 mutant compared to the wild type.
ECHIDNA, another protein recently demonstrated to be involved in the secretory pathway, is also needed for both wax and
mucilage accumulation. I will study the relationship between WAX10 and ECHIDNA by examining the phenotype of the double
mutant.
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FUNCTIONAL STUDY OF ARABIDOPSIS ASF/SF2-LIKE PRE-MRNA SR SPLICING FACTORS

Nancy Stankovic* (University of Liège, Belgium), Isabelle Leponce (University of Liège, Belgium), Vinciane Tillemans, Marc
Hanikenne (University of Liège, Belgium), Patrick Motte (University of Liège, Belgium)
nstankovic@student.ulg.ac.be
Serine/Arginine-rich (SR) proteins are essential nuclear-localized pre-mRNA splicing factors. We are studying in particular the
four SR proteins (SR30, SR34, SR34a and SR34b) which are similar to the SF2/ASF mammalian splicing factors). These
proteins are characterized by two N-terminal (RRM) RNA-binding domains and a C-terminal SR domain enriched in
serine/arginine dipeptides. These domains are involved in protein-RNA and protein-protein interactions during spliceosome
assembly on pre-mRNAs. SR proteins have a role in constitutive and alternative pre-mRNA splicing including exon definition
and assembly of the mature spliceosome. SR proteins are also implicated in mRNA localization, export, stability and translation
efficiency. In mammalian cells, the SF2/ASF SR protein shuttles continuously between the nucleus and the cytoplasm and
provides an adapter function for mRNA export. Here, we will detail the expression profile of the four SF2/ASF-like genes and
proteins in Arabidopsis using GFP and GUS reporter genes fused to endogenous promoters. Using fluorescence loss in
photobleaching (FLIP) imaging after transient transformation of tobacco leaves, we showed that the corresponding proteins are
highly mobile and shuttle rapidly between the nucleus and the cytoplasm. We further generated Arabidopsis transgenics
expressing the SR-GFP fusion proteins under the control of their endogenous promoters to investigate their dynamics in specific
cell types. Finally, using site-directed mutagenesis, we showed that the RNA-binding motifs of SR34 are implicated in its
dynamic. We are currently aiming to identify the RNAs bound to the wild-type and mutant SR34 proteins by developing a RNA
Immunoprecipitation (RIP) approach.
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PROTEIN GLYCOSYLATION IN THE ENDOPLASMIC RETICULUM: DISSECTING THE ROLE OF N-LINKED
GLYCANS

Richard Strasser* (University of Natural Resources & Life Sciences Vienna, Austria), Silvia Hüttner (University of Natural
Resources & Life Sciences Vienna, Austria), Akhlaq Farid (University of Natural Resources & Life Sciences Vienna, Austria),
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Jennifer Schoberer (University of Natural Resources & Life Sciences Vienna, Austria), Eva Liebminger (University of Natural
Resources & Life Sciences Vienna, Austria)
richard.strasser@boku.ac.at
The endoplasmic reticulum (ER) is the major site of maturation for secretory and membrane-bound proteins. The majority of
these proteins are subjected to N-linked glycosylation, which is a common co- and posttranslational protein modification in all
eukaryotes. In mammals and yeast, the N-linked oligosaccharides play a pivotal role in protein folding, quality control and
degradation. All these processes take place in the ER and involve the precise and highly regulated action of glycan-modifying
enzymes and lectins that act together with other ER chaperones and adapter proteins to ensure protein homeostasis under
physiologic and adverse environmental conditions. Despite recent progress in our understanding of these pathways in
Arabidopsis we are still at the beginning of deciphering the impact of the glycan-dependent processes for plants. To dissect the
contribution of the individual glycan modification steps we identified and characterized glycosyltransferases involved in the
assembly of the oligosaccharide precursor as well as glycosidases involved in sugar trimming reactions upon transfer of the
assembled precursor to nascent polypeptide chains. Our data show that N-glycan processing by the three alpha-mannosidases
MNS1 to MNS3 is crucial for the normal development of Arabidopsis roots but dispensable for the glycan-mediated ERassociated degradation (ERAD) pathway that functions in plants to eliminate aberrant and misfolded glycoproteins. However,
our recent identification of the ER-resident lectin OS9 that is involved in ERAD of BRI1-5, a misfolded form of the
brassinosteroid receptor indicates that the lectin-carbohydrate interaction of OS9 with a processed glycan on BRI1-5 is crucial
for BRI1-5 disposal. Here, we will present a model that integrates N-glycan processing and the glycan-dependent degradation
pathway to define the molecular function of N-glycosylation in the ER of plants.
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WORTMANNIN TREATMENT INDUCES CHANGES IN ARABIDOPSIS ROOT PROTEOME AND POST-GOLGI
COMPARTMENTS

Tomáš Takáč* (Centre of the Region Haná for Biotechnological and Agricultural Research, Department of Cell Biology, Faculty
of Science, Palacký University, Olomouc, Czech Republic), Tibor Pechan (Institute for Genomics, Biocomputing &
Biotechnology, Mississippi State University, USA), Olga Šamajová (Centre of the Region Haná for Biotechnological and
Agricultural Research, Department of Cell Biology, Faculty of Science, Palacký University, Olomouc, Czech Republic), Miroslav
Ovečka (Centre of the Region Haná for Biotechnological and Agricultural Research, Department of Cell Biology, Faculty of
Science, Palacký University, Olomouc, Czech Republic), Jozef Šamaj (Centre of the Region Haná for Biotechnological and
Agricultural Research, Department of Cell Biology, Faculty of Science, Palacký University, Olomouc, Czech Republic)
tomas.takac@upol.cz
Wortmannin is a widely used pharmacological compound which is employed to study vesicular trafficking routes in plant cells. It
targets phosphatidylinositol 3-kinase (PI3K) and phosphatidylinositol 4-kinases (PI4Ks) in a dose-dependent manner resulting in
the inhibition of protein vacuolar sorting and endocytosis. Wortmannin at low concentrations (up to 1 µM) specifically inhibits
PI3K, but at high concentrations it inhibits both PI3K and PI4Ks. Combined proteomics and cell biological approaches have
been used in this study to explore the effects of wortmannin on proteome and endomembrane trafficking in Arabidopsis roots.
On the subcellular level, 1µM wortmannin applied for 2 hours did not affect morphology, distribution and motility of neither transGolgi network (TGN) nor multivesicular bodies (MVBs). In contrast, 33 µM wortmannin caused clustering, fusion and swelling of
MVBs leading to the formation of wortmannin-induced multivesicular compartments. Appearance of wortmannin-induced
compartments was associated with depletion of TGN as revealed by electron microscopy. This indicates a possible consumption
of TGN vesicles by MVBs during wortmannin treatment. On the proteome level, wortmannin caused changes in protein
abundance profiles. Proteins affected by this drug belonged to various functional classes. An inhibition of vacuolar trafficking by
wortmannin was related to the downregulation of proteins targeted to the vacuole, as showed for vacuolar proteases. A small
GTPase, RabA1d, which regulates vesicular trafficking at TGN, was identified as new protein negatively affected by
wortmannin. In addition, Sec14 was upregulated and PLD1 alpha was downregulated by wortmannin. Since these proteins are
involved in the maintenance of proper phosphatidylcholine and phosphatidylinositol levels in membranes, we propose that they
may regulate trafficking route between TGN and MVB in Arabidopsis roots.

302

ISOLATION AND CHARACTERIZATION OF ARABIDOPSIS MUTANTS THAT HAVE ABNORMAL NUCLEAR
MORPHOLOGY

Kentaro Tamura* (Kyoto University, Japan), Ikuko Hara-Nishimura (Kyoto University, Japan)
tamura@gr.bot.kyoto-u.ac.jp
Nucleus is the most prominent organelle in eukaryotes, containing genetic materials to direct cellular activities. The morphology
of nuclei varies in size and shape depending on the tissues, even within individual organisms. However very little information is
available about nuclear structural organization in plants. Arabidopsis, in which nuclei are morphologically differentiated
throughout the mature organs, provides an ideal material to study nuclear morphology, involving variation in size and shape. In
order to understand how plants build their nucleus, we have been employed a genetic approach using transgenic Arabidopsis
plants expressing nucleus-targeted GFP. By using a wide-filed fluorescence microscope, we have isolated mutants, which have
abnormal nuclear morphology, from EMS mutagenized population of the transgenic Arabidopsis plants. Several lines of mutants
named after kaku (nucleus in Japanese) were divided into three groups based on nuclear morphology, such as smaller nuclei,
bigger nuclei and disorganized nuclei mutants. Detailed investigation with these mutants is expected to clarify an important
question how plants establish and maintain nuclear structure.
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2+

PROTEIN KINASES AND CA -BINDING PROTEINS IN CHLOROPLAST SIGNALING

Markus Teige* (University of Vienna, Austria), Roman G. Bayer (University of Vienna, Austria), Simon Stael (University of
Vienna, Austria), Przemyslaw Kmiecik (University of Vienna, Austria), Agostinho G. Rocha (LMU Munich, Germany), Ute C.
Vothknecht (LMU Munich, Germany)
markus.teige@univie.ac.at
2+

In addition to redox regulation, protein phosphorylation and Ca -signaling appear more and more as important regulatory
principles in chloroplasts. In order to understand chloroplast function, it is therefore crucial to obtain a complete list of the
involved components, which is so far very limited by first, a strong bias in the bioinformatics based prediction, particularly for
protein kinases, and second by the very low abundance of these regulatory proteins. Therefore we applied a targeted
proteomics study using pre-fractionation and affinity chromatography and identified 43 novel chloroplast proteins with putatively
2+
important regulatory functions. As this set included only one protein kinase and few Ca -binding proteins, we re-evaluated also
available published data and proteomic data bases. This resulted in the confirmation of 16 chloroplast-localized protein kinases
in different species. Notably, these kinases included several atypical protein kinases with differing ATP-binding sites or catalytic
2+
2+
centres. Moreover, we searched for Ca -dependent regulatory events in chloroplasts and identified first targets of Ca 2+
dependent phosphorylation at the thylakoid membrane. All together, these data point towards chloroplast Ca signalling as
emerging hot topic in plant physiology.
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THE AUXIN-REGULATED PATELLIN PHOSPHATIDYLINOSITOL TRANSFER PROTEINS REGULATE EMBRYO
DEVELOPMENT

Ricardo Tejos* (Department of Plant Systems Biology, VIB and Department of Plant Biotechnology and Bioinformatics, Ghent
University, Belgium), Maciej Adamowski (Department of Plant Systems Biology, VIB and Department of Plant Biotechnology and
Bioinformatics, Ghent University, Belgium), Michael Sauer (Centro Nacional de Biotecnología, CSIC, Spain), Jiří Friml
(Department of Plant Systems Biology, VIB and Department of Plant Biotechnology and Bioinformatics, Ghent University,
Belgium)
ritej@psb.vib-ugent.be
The phytohormone auxin is unique among the messenger molecules present in plants due to its polar cell to cell transport that
generate dynamic auxin gradients across the cells which in turn create a tissue-specific response. An important self-regulatory
loop in this mechanism involves feed-back of auxin on its own transport by regulating transcriptionally and posttranscriptionally
the auxin export machinery. For instance, auxin is able to change the polarity of the PIN proteins by an unknown transcriptional
mechanism of which the downstream auxin regulated genes are so far not characterized. Here we describe a microarray
approach to identify those genes. Among the candidates we found several PATELLIN genes that form part of the 6 member
subfamily of phosphatydilinositol transfer proteins (PITP). We found that the PATELLIN are auxin regulated in an AXR3dependent fashion. The PATELLINs follow a diverse expression and localization pattern in seedlings although when
overexpressed all the PATELLIN tested localize to the plasma membrane. The multiple knock out patl mutants have strong
defects during embryo development which points out to a crucial but redundant effect of the PATELLINs on the auxindependent apical-basal embryo patterning.
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QA-SNARES LOCALIZED TO THE TRANS-GOLGI NETWORK (TGN) REGULATES MULTIPLE TRANSPORT
PATHWAYS AND EXTRACELLULAR DISEASE RESISTANCE IN PLANTS

Tomohiro Uemura* (The University of Tokyo, Japan), Hyeran Kim (Max Planck Institute for Plant Breeding Research, Germany),
Chieko Saito (RIKEN ASI, Japan), Kazuo Ebine (The University of Tokyo, Japan), Takashi Ueda (The University of Tokyo,
Japan), Paul Schulze-Lefert (Max Planck Institute for Plant Breeding Research, Germany), Akihiko Nakano (The University of
Tokyo and RIKEN ASI, Japan)
tuemura@biol.s.u-tokyo.ac.jp
In all eukaryotic cells, a membrane trafficking system connects the post-Golgi organelles, such as the trans-Golgi network
(TGN), endosomes, vacuoles, and the plasma membrane. This complex network plays critical roles in several higher-order
functions in multicellular organisms. The TGN, one of the important organelles for protein transport in the post-Golgi network,
functions as a sorting station, where cargo proteins are directed to the appropriate post-Golgi compartments. Unlike its roles in
animal and yeast cells, the TGN has also been reported to function like early endosomal compartments in plant cells. However,
the physiological roles of the TGN functions in plants are not understood. Here, we report a study of the SYP4 group (SYP41,
SYP42, and SYP43), which represents the plant orthologs of the Tlg2/syntaxin16 Qa-SNARE that localizes on the TGN in yeast
and animal cells. The SYP4 group regulates the secretory and vacuolar transport pathways in the post-Golgi network and
maintains the morphology of the Golgi apparatus and TGN. Consistent with a secretory role, SYP4 proteins are required for
extracellular resistance responses to a fungal pathogen. We also reveal a plant cell-specific higher order role of the SYP4 group
in the protection of chloroplasts from salicylic acid-dependent biotic stress. In addition, we will report the dynamic movement
between TGN and the Golgi apparatus.
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ANALYSIS OF THE DEGRADATION OF THE AQUAPORIN ATPIP2;1 IN ARABIDOPSIS THALIANA

Valeria Valentini* (Università degli Studi della Basilicata – Italy), Bartolomeo Dichio (Università degli Studi della Basilicata –
Italy), Christophe Maurel (INRA - BPMP- France), Doan-Trung Luu (INRA - BPMP- France)
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valentini.valeria83@libero.it
Aquaporins are highly conserved membrane proteins that facilitate the water transport across the biological membranes. In this
work we study the degradation process of Plasma membrane Intrinsic Proteins (PIPs), in particular, the isoform AtPIP2;1, in
Arabidopsis thaliana roots. We expressed AtPIP2;1-GFP and AtPIP2;1-photoactivable GFP (paGFP) under the control of a 35S
CaMV or a PIP2;1 native promoter in a k.o. pip2;1 line. The intensities of the fluorescence and the subcellular localization were
monitored by means of epifluorescence and confocal microscopies. First, roots expressing the GFP constructs were treated with
cycloheximide (CHX), a protein synthesis inhibitor. After 24 h, no significant difference compared to a control treatment was
observed; experiments with the paGFP constructs indicate the same tendency. To make sure that the CHX treatments efficiently
inhibited the protein synthesis, we monitored the signal of Aleurin-GFP fusion expressed in Arabidopsis plantlets. CHX
treatment provoked a tremendous decrease of fluorescence signal, indicating the efficiency of the CHX. Next, we analyzed the
effect of H2O2 treatments, and observed a slight but not significant decrease of the signal. Confocal microscopy, allowed us to
observe that AtPIP2;1 constructs labeled intracellular dots, similar to those previously described in our laboratory. Lastly,
treatments with 1 µM NAA, a synthetic analog of auxin, did not provoke any decrease of the intensity of the signal; we obtain a
similar result with 1 µM IAA. Also, confocal microscopy observations showed a strong intracellular labeling. Altogether, these
results allowed to conclude that AtPIP2;1-GFP construct is intrinsically very stable in the plasma membrane, in resting
conditions. Treatment with H2O2 did not destabilize AtPIP2;1-GFP construct in the plasma membrane. In the contrary, auxin
maintain the basal level of AtPIP2;1-GFP construct and provoke a strong relocalisation in intracellular compartments.
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NOVEL MECHANISM OF UNDERLYING NUCLEAR-LOCALIZED METABOLIC ENZYME ACTIONS

Pham Ngoc Vinh* (POSTECH, Korea), SuYeong Jeong (POSTECH, Korea), Hyunmo Choi (POSTECH, Korea), Moon-Soo Soh
(Sejong University, Korea), Hong Gil Nam (POSTECH, Korea)
phamngocvinh@postech.ac.kr
Nowadays, the increasing number of proteins that are being found to moonlight adds another level to our understanding of
cellular complexity. We found that one key regulatory enzyme in the starch biosynthetic pathway can be localized in nucleus
and might have an additional regulatory role in nucleus. Remarkably, by using yeast two hybrid screening, we discovered one
unconventional partner of this metabolic enzyme in nucleus: RNA polymerase III subunit. Loss of function mutant of this RNA
polymerase III subunit and homolog mutant show similar phenotypes to metabolic enzyme mutant under different environmental
conditions. Therefore, we suggested that this metabolic enzyme might be involved in regulation of RNA polymerase III
transcription. Further studies are in progress to provide more details about regulation of transcription activity, by which plant can
adapt to the changing environment conditions.
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THE ARABIDOPSIS DIACYLGLYCEROL KINASE 4 (ATDGK4) CONTAINS A HEME-BINDING DOMAIN AND IS A
CANDIDATE GUANYLYL CYCLASE

Aloysius Wong* (King Abdullah University of Science and Technology, Saudi Arabia), Lara Donaldson (King Abdullah University
of Science and Technology, Saudi Arabia), Chris Gehring (King Abdullah University of Science and Technology, Saudi Arabia)
aloysius.wong@kaust.edu.sa
Cyclic guanosine monophosphate (cGMP) and nitric oxide (NO) are important signaling molecules in both animals and plants.
For example, in the pollen of Arabidopsis thaliana, both cGMP- and NO-mediated re-orientation responses have been reported.
However, in plants, the enzymes that generate this second messenger, guanylyl cyclases (GCs), as well as the NO-binding
proteins, have remained elusive until recently. Here, we present work on a candidate GC, Arabidopsis diacylglycerol kinase 4
(AtDGK4). In addition to the annotated diacylglycerol kinase domain, this protein also harbors a GC catalytic domain and a
heme-NO/oxygen (H-NOX) binding site which we have identified based on the alignment of functionally conserved amino acid
residues across species. Analysis of publicly available microarray data revealed that the AtDGK4 protein is highly expressed in
the pollen. We have confirmed pollen-specific expression of AtDGK4 by qPCR. Using homology modeling, we have predicted
the structure of the AtDGK4 protein. From the 3D structure, we have estimated the location of the diacylglycerol kinase, the
ATP-binding site, the GC and the H-NOX domains. The full length AtDGK4 has been cloned and expressed in E. coli, and the
recombinant proteins purified. Guanylyl cyclase activity was examined using enzyme immunoassays and verified by mass
spectrometry. We are characterizing the kinase activity of AtDGK4 and are investigating whether the activation is regulated by
cyclic nucleotides and/or NO. We will also conduct an electrochemical characterization to elucidate the gas-binding capacity of
AtDGK4 while further work on selected Arabidopsis mutants will reveal the function of AtDGK4 in the cGMP-mediated NO
signaling of higher plants.
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FUNCTIONAL ANALYSES OF PECTIN RELATED GENES INVOLVED IN PHYSICAL PROPERTIES OF SUPPORTIVE
TISSUE IN ARABIDOPSIS STEM

Ryusuke Yokoyama* (Tohoku University, Japan), Shoko Hongo (Tohoku University, Japan), Kazuhiko Nishitani (Tohoku
University, Japan)
ryokoyama@m.tohoku.ac.jp
In Arabidopsis thaliana, rapid elongation of the inflorescence stem occurs during reproductive growth. The inflorescence stem
functions not only to support the elevation of flowers and fruits, but also to hold its own weight. The supportive tissue of the
inflorescence stem consists of several distinct types of cells with specialized cell wall structures. The specific structural features
of individual cell walls confer mechanical strength to the inflorescence stem. Although significant progress has been made in
Page 122

Posters: Cell Biology

ICAR 2012 Vienna, Austria

identifying the cell wall genes responsible for the mechanical strength of plant tissues, our present knowledge is still insufficient
to account for the molecular processes by which this complex system operates. Our transcriptomic analysis indicated that
certain pectin-related genes are preferentially expressed in supporting tissues or non-growing parts of plants. To identify the role
of the individual gene, we examined phenotypes of mutants in which each of the genes was disrupted. Loss-of-function mutant
alleles of AtPME35, which encodes a pectin methylesterase, showed a pendant stem phenotype and an increased deformation
rate of the stem, indicating that the mechanical strength of the stem was impaired by the mutation. Biochemical and
immunohistochemical characterization showed that the activity of pectin methylesterase was significantly reduced in the primary
cell wall of the cortex or interfascicular fibers of the mutant stem. These results suggest that demethylesterification, as mediated
by the AtPME35, of the primary cell wall is involved in the regulation of the mechanical strength of supporting tissue. Based on
these findings, we discuss the roles of the pectic polysaccharides involved in physical properties of the inflorescence stem.
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TRANSMEMBRANE DOMAINS OF ATPIP2;1 CONTAIN SEQUENCE MOTIFS THAT SPECIFY TETRAMER
FORMATION

Yun-Joo Yoo* (Pohang University of Science and Technology, Korea), Hyunkyung Lee (Pohang University of Science and
Technology, Korea), Goeun Lee (Pohang University of Science and Technology, Korea), Wonhwa Cho (Pohang University of
Science and Technology, Korea), Inhwan Hwang (Pohang University of Science and Technology, Korea)
lozendaro@postech.ac.kr
The water channel aquaporin (AQP), which transports water across lipid membranes, is distributed in various cell membranes
types as well as across a wide variety of organisms. The biological function and detailed structure of aquaporin are well
understood. However, the structural requirements for the tetramer assembly of AQPs and how the tetramer stability is
determined remain unclear. Through amino acid substitution mutagenesis, the present study addressed the critical sequence
information for the assembly and stability of tetramers of the Arabidopsis plasma membrane aquaporin AtPIP2;1. We
hypothesized that interactions between subunits are important for assembly. To find important interaction of tetramer assembly
of the Arabidopsis aquaporin AtPIP2;1, we construct homology model from soPIP2;1 and extract interactions. We focused on
TMD2 and TMD5 which have many interactions between subunits. An alanine substitution mutation at either intra or intermonomer interface of TMD2 and TMD5 significantly weakened AtPIP2;1 tetramerization. When expressed as GFP fusion
proteins in transgenic plants, alanine substitution mutation at either the C- or N-terminal 10-aa segment of TMD2-A2 and TMD5A1 accumulated in the ER at high levels and some were targeted to the plasma membrane. TMD2-A2:GFP and TMD5-A1:GFP
caused enhanced resistance, while AtPIP2;1:GFP and TMD2-A3:GFP conferred enhanced sensitivity to dehydration stress.
These results suggest that the TMDs of AtPIP2;1 contain sequence motifs: a motif that helps tetramerization in AQP
homocomplexes.
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EXOCYST TETHERING COMPLEX FUNCTIONS IN PLANT SECRETORY PATHWAY

Viktor Zarsky* (Charles University in Prague and Institute of Experimental Botany ASCR, Czech Republic), Matyas Fendrych
(Institute of Experimental Botany ASCR, Czech Republic), Michal Hala (Charles University in Prague and Institute of
Experimental Botany ASCR, Czech Republic), Ivan Kulich (Charles University in Prague, Czech Republic), Tamara Pecenkova
(Institute of Experimental Botany ASCR, Czech Republic), Lukas Synek (Institute of Experimental Botany ASCR, Czech
Republic), Edita Drdova (Institute of Experimental Botany ASCR, Czech Republic), Lucie Brejskova (Institute of Experimental
Botany ASCR, Czech Republic)
viktor@natur.cuni.cz
Exocytosis is the dominant mechanism for the morphogenesis in plant cells, however we know surprisingly little about this
process. We have characterized exocyst complex in plants and demonstrated that it participates in polarized cell expansion as
exemplified e.g. by root hairs, pollen tubes, seed coat deposition, but also cytokinesis. Exocyst is an evolutionarily conserved
heterooligomeric protein complex consisting of eight subunits (Sec3, Sec5, Sec6, Sec8, Sec10, Sec15, Exo70 and Exo84) and
it is known to function mostly by facilitating the docking of vesicles to the target membrane before the last step of exocytosis
catalyzed by SNAREs – i.e. fusion of exocytotic vesicles with the cytoplasmic membrane. Exocyst is known to be an effector of
small GTPases both in fungi and animals and we are studying this aspect also in plants. We have proven that exocyst functions
in secretion and cell polarization are also important for the innate immunity defense reaction of plant cells against pathogen
attack. At the cellular level polar auxin transport is largely dependent on the dynamic polar localization of auxin efflux carriers to
the cytoplasmic membrane and we can show that also this process is exocyst dependent. We will present current knowledge
on plant exocyst functions with new aspects of the exocyst dynamics analysis at the cytoplasmic membrane studied by
VAEM/TIRF microscopy.
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NOVEL PLANT SUN-KASH BRIDGES ARE INVOLVED IN RANGAP ANCHORING

Xiao Zhou* (The Ohio State University, USA), Katja Graumann (Oxford Brookes University, UK), David E. Evans (Oxford
Brookes University, UK), Iris Meier (The Ohio State University, USA)
zhou.210@osu.edu
Sad1/UNC-84 (SUN) proteins are inner nuclear envelope (INM) proteins that interact with outer nuclear envelope (ONM)
Klarsicht/ANC-1/Syne homology (KASH) proteins at the nuclear envelope (NE). The SUN-KASH interactions form bridges
across the perinuclear space and are part of LInker of Nucleoskeleton to Cytoskeleton (LINC) complexes conserved from yeast
to human, functioning in nuclei and chromosome positioning. Defects in SUN-KASH bridges are linked to muscular dystrophy,
progeria and cancer. SUN proteins were recently identified in plants, but their binding partners are not known, and it is unknown
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if plants have nucleocytoplasmic protein bridges. Arabidopsis WPP-domain interacting proteins (AtWIPs) are three plant-specific
ONM proteins that redundantly anchor Arabidopsis Ran GTPase activating protein 1 (AtRanGAP1) to the NE. Here, we report
that AtWIPs are plant-specific KASH proteins that interact with Arabidopsis SUN proteins (AtSUNs) through their perinuclear Cterminal tail and the SUN domain of AtSUNs. The AtSUN-AtWIP1 interaction is required for AtWIP1 NE localization. AtWIP1
connects AtSUN2 and AtRanGAP1, and consequently AtSUNs are required for anchoring AtRanGAP1 to the NE. Together, our
data identify the first KASH members in the plant kingdom and provide a novel function of SUN-KASH complexes, suggesting
that SUN-KASH interactions are conserved beyond the opisthokonts, but have functionally diverged.
Posters: Plant Hormones
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SPATIALLY SELECTIVE HORMONAL CONTROL OF ANAC071 AND RAP2.6L TRANSCRIPTION FACTORS
INVOLVED IN TISSUE REUNION IN ARABIDOPSIS CUT FLOWERING STEM

Masashi Asahina* (Teikyo University, Japan), Katsuya Azuma (University of Tsukuba, Japan), Pitaksaringkarn Weerasak
(University of Tsukuba, Japan), Takashi Yamazaki (University of Tsukuba, Japan), Nobutaka Mitsuda (AIST, Japan), Masaru
Ohme-Takagi (AIST, Japan), Shinjiro Yamaguchi (RIKEN Plant Science Center, Japan), Yuji Kamiya (RIKEN Plant Science
Center, Japan), Kiyotaka Okada (NIBB, Japan), Takeshi Nishimura (Tokyo Metropolitan University, Japan), Tomokazu Koshiba
(Tokyo Metropolitan University, Japan), Takao Yokota (Teikyo University, Japan), Hiroshi Kamada (University of Tsukuba,
Japan), Shinobu Satoh (University of Tsukuba, Japan)
asahina@nasu.bio.teikyo-u.ac.jp
In higher plant, when wounding or grafting interrupted the original organ or tissue connection, de-differentiate and regeneration
of cells were induced, these cells acquire embryonic potential and tissue-reunion occurs to restore physiological connections.
Arabidopsis cut flowering stems were analyzed to elucidate its molecular mechanism. The cell division was initially observed at
3 days after the cut and the tissue-reunion almost completed in 7 days. Tissue-reunion was inhibited by decapitation or
application of TIBA, and pin1 mutant, in which auxin transport was suppressed, showed lower efficiency in the reunion process.
Microarray and quantitative RT-PCR analyses demonstrated differential gene expression between cut and non-cut flowering
stems and their changes in expression during reunion process. Genes that were up-regulated during the reunion process
include those involved in cell division, cell wall modification, phytohormone-related gene and transcription factors (TFs). Among
them, two plant-specific TF genes, ANAC071 and RAP2.6L, were abundantly expressed, and the gene-suppressing
transformants for ANAC071 or RAP2.6L using CRES-T method did not show normal reunion process. ANAC071 was expressed
at 1-3 days after cutting exclusively in the upper region of the cut gap with concomitant accumulation of indole-3-acetic acid. In
contrast, RAP2.6L was expressed at 1 day after cutting exclusively in the lower region with concomitant deprivation of indole-3acetic acid. The expression of ANAC071 and RAP2.6L were also promoted by ethylene and jasmonic acid, respectively. Our
results suggested that plant-specific TFs differentially expressed around the cut position were essential for tissue reunion of
Arabidopsis wounded flowering stems, and were under opposite control by polar-transported auxin, with modification by the
ethylene and jasmonic acid wound-inducible hormones.
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THE MECHANISM FOR COORDINATED REGULATION OF PHOTOMORPHOGENESIS BY BRASSINOSTEROID,
GIBBERELLIN AND LIGHT SIGNALS

Ming-Yi Bai* (Carnegie Institution for Science, USA), Eunkyoo Oh (Carnegie Institution for Science, USA), Jian-Xiu Shang
(Carnegie Institution for Science, USA), Zhi-Yong Wang (Carnegie Institution for Science, USA)
mybai032@stanford.edu
Brassinosteroid (BR) and gibberellin (GA) are major growth hormones that promote many similar responses throughout the life
of plants and both antagonize with light signal in regulating cell elongation and photomorphogenesis. However, the mechanism
of crosstalk between these signaling pathways is not understood. Here we show that BR and GA synergistically promote cell
elongation and seedling etiolation through direct interaction between the BR-activated BZR1 and GA-inactivated DELLA
transcription regulators, both of which also interact with phytochrome-interacting factor 4 (PIF4). BR and GA synergistically
promote cell elongation; GA promotion of cell elongation requires BR signaling, whereas BR or active BZR1 can suppress the
GA-deficient dwarf phenotype. In vitro and in vivo experiments showed that DELLAs directly interacte with BZR1 and inhibit its
DNA binding. Genome expression analyses showed that GA and BR have similar effects on the expression of large numbers of
genes; GA responses of many genes were abolished by BR deficiency but rescued by the gain-of-function bzr1-1D, defining a
BZR1-dependent GA-regulated transcriptome, which is enriched with genes involved in cell wall synthesis and
photosynthesis/chloroplast. DELLA is also known to inhibit PIF4 activity. We found that BZR1 and PIF4 bind to each other and
to a large number of common target genes, many of which are regulated by GA. Furthermore, GA promotion of hypocotyl
elongation required bot BZR1 and PIFs, as well as their common downstream targets PREs. Together the results demonstrate
that GA releases DELLA-mediated inhibition of the growth-promoting transcription factors activated by BR and darkness, and
that the DELLA-BZR1-PIF4 trimeric module mediates coordinated regulation of cell elongation and photomorphogenesis by GA,
BR and light signals.
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IDENTIFICATION OF A NEGATIVE FEEDBACK REGULATORY LOOP CONTROLLING VASCULAR DEVELOPMENT

Simona Baima* (INRAN, Italy), Valentina Forte (INRAN, Italy), Marco Possenti (INRAN, Italy), Andres Penalosa (INRAN, Italy),
Ida Ruberti (MBPI, CNR, Italy), Giorgio Morelli (INRAN, Italy)
baima@inran.it

Page 124

Posters: Plant Hormones

ICAR 2012 Vienna, Austria

The acaulis5 (acl5) loss-of-function mutant, also known as thickvein, is dwarf and characterized by the formation of an
increased number of veins and vascular elements in leaves and stems (Hanzawa et al., 1997, 2000; Clay et al., 2005). The
ACL5 gene, encoding a polyamine synthase producing thermospermine, an isomer of spermine, has been proposed to control
xylem specification by preventing premature cell death of tracheary elements (Knott et al., 2007; Muniz et al., 2008).
Interestingly, we found that higher levels of ACL5, likely resulting in increased thermospermine concentration, significantly delay
or completely inhibit the differentiation of procambial cells into tracheary elements in leaf as well as in primary and secondary
vasculature of stem and hypocotyl. Consistently with the up-regulation shown in acl5 (Imai et al. 2006; Kakhei et al., 2008), we
found a down-regulation of the expression of the HD-ZIPIII transcription factor ATHB8, a marker of preprocambial cell state that
accurately predicts sites of leaf vein formation and promotes proliferation and differentiation of vascular precursor cells (Baima
et al., 2001; Donner et al., 2009), in plants with increased ACL5 expression. These observations suggest that the vascular
defects observed in both mutant and over-expressing plants may, at least in part, depend on the level of HD-ZIPIII activity.
Indeed, a careful genetic analysis of acl5 in combination with athb8 and other hd-zipiii mutants indicated that some of the
developmental defects caused by the lack of ACL5 activity are abolished by the loss of HD-ZIPIII transcription factors. On the
other hand, we could demonstrate by different approaches, including ChIP, that ACL5 is directly regulated in a positive manner
by ATHB8. These findings have been integrated in a model in which HD-ZIPIII and ACL5 genes establish a negative feedback
loop necessary for proper regulation of vascular development.
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PLETHORA AND AUXIN REGULATORY NETWORK

Dongping Bao* (Utrecht University, NL), Gabino F. Sanchez-Perez (Utrecht University, NL), Guy Wachsmann (Utrecht
University, NL), Maartje Gorte (Utrecht University, NL), Anja van Dijken (Utrecht University, NL), Inez Terpstra (Utrecht
University, NL), Ben Scheres (Utrecht University, NL), Renze Heidstra (Utrecht University, NL)
d.bao@uu.nl
A clade of PLETHORA (PLT) homologues is necessary for root formation, acting largely additive and dosage dependent.
Promoter activity and protein fusions of PLT homologues display gradient distributions with maxima in the stem cell area
strongly correlating with a transcriptional response maximum to the plant hormone auxin in the root tip. PLT genes have been
positioned as responsive factors to PIN-mediated auxin maximum to define the root primordium during embryogenesis, and in
turn, control PIN expression to stabilize the auxin maximum. These data suggest that PLT proteins promote stem cells and
meristematic cells as a graded read-out of auxin distribution. Our microarray analysis confirmed this transcriptional feedback
towards auxin transport. Moreover, the identified PLT targets revealed a more complex auxin response network, which acts at
multiple levels, including regulating auxin biosynthesis, transport and signaling. To investigate the physiological role of PLT
genes in the root stem cell niche, mutant and induced complemented quiescent center (QC) cells were isolated using FACS and
subjected to gene expression profiling. Data suggests that the predominant effect of PLT in this specific cell type is to regulate
auxin homeostasis. We will present expression and functional analysis of these targets to assess the PLT-auxin regulatory
network.
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THE INDUCIBLE INCREASE OR DECREASE IN ENDOGENOUS CYTOKININ LEVELS HAS BOTH SPECIFIC AND
OVERLAPPING EFFECTS ON PROTEOME AND METABOLOME OF ARABIDOPSIS

Martin Černý* (Mendel University in Brno & Institute of Biophysics AS CR, v.v.i. Brno, CEITEC MENDELU, Czech Republic),
Alena Kuklová (Mendel University in Brno & Institute of Biophysics AS CR, v.v.i. Brno, CEITEC MENDELU, Czech Republic),
Wolfgang Höhenwarter (University of Vienna, Austria), Lena Fragner (University of Vienna, Austria), Ondřej Novák (Palacký
University & Institute of Experimental Botany, AS CR, v.v.i., Centre of the Region Haná, Olomouc, Czech Republic), Petr
Jedelský (Charles University in Prague, Czech Republic), Wolfram Weckwerth (University of Vienna, Austria), Břetislav
Brzobohatý (Mendel University in Brno & Institute of Biophysics AS CR, v.v.i. Brno, CEITEC MENDELU, Czech Republic)
martincerny83@gmail.com
We conducted the first proteomic analysis of the effect of inducible cytokinin oxidase overexpression in plants. To maximize
proteome coverage, analysis was performed in parallel by 2-DE MS and LC-MS approach. In total, we found 117 regulated
proteins after 48 hours of CaMV35S>GR>HvCKX2 activation in 7 days old Arabidopsis thaliana seedlings. At this time, CK pool
9
was severely depleted in active (free base) CK forms, CK ribosides, phosphates, O-glucosides, and N -glucosides. Only the
7
levels of N -glucosides were not affected. We found that proteins responsive to CKX overexpression are mostly involved in
growth, development, and signaling, including e.g. ABA, ethylene, light or jasmonate signaling pathways. Further, we compared
proteome and metabolome of CKX overexpressor with that of CaMV35S>GR>ipt with inducibly-increased levels of endogenous
cytokinins. We found significant overlap in both proteome and metabolome profiles. The similar effect was present in 42 out of
134 regulated proteins (34 %), and 5 out of 30 (17 %) of metabolites. Processes represented in this overlap are linked to growth
and development, photosynthesis, and carbohydrate metabolism, and may provide explanation for some similarities in
phenotype (e.g. retarded leaf growth) present both in CKX and in IPT overexpressors.
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AN ENDOGENOUS PEPTIDE WITH 11 AMINO ACIDS DERIVED FROM ARABIDOPSIS WAS FOUND TO BE
INVOLVED IN PATHOGEN-RELATED MAPK3 SIGNALING PATHWAY

Pei-Shan Chien* (National Chung-Hsing University; Academia Sinica, Taiwan), Yet-Ran Chen (National Chung-Hsing
University; Academia Sinica, Taiwan)
pschien@gate.sinica.edu.tw
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In plants, mobile phytohormones, such as auxins, brassinosteroids, and cytokinins, have been recognized as major intercellular
signals responsible for cell-to-cell communication. Recently, several peptide ligands have also been shown to involve in intercellular communication to regulate plant growth and development. To date, more than 200 possible leucine-rich repeat (LRR)
receptor-like kinases (RLKs) have been identified in Arabidopsis while only limited peptides were discovered. Therefore, it is
strongly suggested that there should be more peptides existed. However, endogenous peptides are difficult to discover since
their working concentration is usually as low as nanomolar level. In addition, mature peptides are hard to predict without the
knowledge of protease specificity. This makes the direct prediction of endogenous peptides very challenge via computational
work. The goal of this research is to identify novel endogenous peptides by high-resolution MS analysis and elucidate their
corresponding biological functions. Finally, endogenous plant peptides were identified by liquid chromatography (LC)-tandem
mass spectrometry and bioinformatics analysis through the lab-internal database. With this platform, a novel 11 amino-acid
small peptide, AtA11, was identified in Arabidopsis. According to tissue specific gene expression result, AtA11 precursor gene
was highly expressed in root and silique. However, no obvious difference was observed in root and silique development
between wild type and mutants in normal condition. There is also no significant phenotype on root length while the mutant plants
were grown in edaphic stresses, such as salt treatment. Nevertheless, a SA-mediated defence marker gene, PR-1, could be upregulated after synthetic AtA11 peptide treatment. Meanwhile, MPK3 also could be up-regulated in early time point. It indicates
that AtA11 might play some roles in pathogen resistance through MAPK signalling pathway. In addition, AtA11 mature peptide
could be identified in culture medium, which means that AtA11 peptide could be secreted into the environment. In the future, we
wish to clarify if AtA11 peptide has the function on pathogen resistance through activating plant defence responses and whether
they can communicate with neighboring plants by AtA11 peptide transmission.
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PREPARATION, CRYSTALLIZATION AND PRELIMINARY STRUCTURAL ANALYSIS OF AHP2 PROTEIN, THE
SIGNAL TRANSMITTER FROM ARABIDOPSIS THALIANA

Radka Dopitová* (Central European Institute of Technology, Masaryk University, Czech Republic), Oksana Degtjarik (University
of South Bohemia, Czech Republic), Sandra Pühringer (Helmholtz-Zentrum Berlin für Materialien und Energie BESSY-II,
Germany), Eliška Nejedlá (Central European Institute of Technology, Masaryk University, Czech Republic), Manfred Weiss
(Helmholtz-Zentrum Berlin für Materialien und Energie BESSY-II, Germany), Ivana Kutá-Smatanová (University of South
Bohemia and Academy of Sciences of the Czech Republic, Czech Republic), Jan Hejátko (Central European Institute of
Technology, Masaryk University, Czech Republic), Lubomír Janda (Central European Institute of Technology, Masaryk
University, Czech Republic)
radkaf@sci.muni.cz
Histidine-containing phosphotransfer proteins (HPts) from Arabidopsis thaliana (AHP1-5) act as signaling intermediates
between sensor histidine kinases (HK) and response regulators (RR) in a so called multistep phosphorelay (MSP). AHP proteins
mediate and potentially integrate various MSP signaling pathways. However, structural information about AHP proteins and its
importance in the MSP signaling is still missing. To get deeper insight into the structural basis of the AHP-mediated signal
transduction, we cloned the AHP2 coding sequence into pRSET B expression vector enabling production of AHP2 in fusion with
N-terminal His tag. AHP2 was expressed in soluble form in BL21(DE3)pLysS E.coli strain and then purified into the
homogeneity using metal chelate affinity chromatography and anion exchange chromatography. Crystallization condition was
found, but the crystals did not diffracted beyond 6 Å. To improve its diffraction properties, we applied a thermal shift assay to
identify stabilizing buffer conditions. Based on these results the protein was transferred to the buffer optimal for its
thermodynamic stability prior to crystallization. The obtained crystals diffracted up to 2.5 Å (Bessy, Berlin), showing however
significant anisotropic behavior. AHP2 structure was determined using single isomorphous replacement via anomalous
scattering protocol with anomalous signal of the lutetium. The preliminary results show that AHP2 possesses the conserved
core consisting of a four-helix bundle common for all known HPt structures. The phosphorylatable histidine residue is located in
the centre of the second helix. The structure refinement is currently in progress and the final structure with more detailed
description will be presented.
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DETECTING DELLA: PROTEOMIC ANALYSIS OF THE GA REGULATORY PATHWAY

Richard Elms* (University of Nottingham, UK), Malcolm Bennett (University of Nottingham, UK), Markus Owen (University of
Nottingham, UK), Neil Oldham (University of Nottingham, UK)
stxrde@nottingham.ac.uk
Gibberellins (GA) are key regulators of plant growth and development; their biosynthetic and signal transduction pathways have
been well characterised in Arabidopsis. GA growth and signalling are mediated by DELLA proteins. DELLAs are the functional
mechanism of GA signal repression, although, the molecular dynamics of this repression is not currently understood. The data
presented looks to parameterise a recently published multi-scale model describing GA action, perception and biosynthesis
(Middleton et al., 2012) using advanced and classical proteomic techniques. The method utilised in this study allows absolute
quantification of the levels of DELLA and closely associated proteins in root tissue. Using recombinantly expressed isotopicallylabelled standard proteins, chromatographic separation coupled with a high resolution mass spectrometer it allowed the
identification of proteins from a complex total protein extraction.
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NITRATE-REGULATED CLASS III GLUTAREDOXINS INFLUENCE ARABIDOPSIS ROOT ARCHITECTURE

Matthew A. Escobar* (California State University San Marcos, USA), Kurt Patterson (California State University San Marcos,
USA), Theresa Sayre (California State University San Marcos, USA), Andrew Cooper (California State University San Marcos,
USA), Allan G. Rasmusson (Lund University, Sweden)
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Plants typically acquire the critical macronutrient nitrogen through the uptake of nitrate (NO3 ) and/or ammonium (NH4 ) from the
soil. Although the assimilation of these two forms of inorganic nitrogen have very distinct energetic costs, relatively little is
known about the differential effects of ammonium and nitrate at the level of gene expression and cell metabolism. Thus, we
examined the short-term transcriptional responses of Arabiopsis thaliana shoots to nitrate and ammonium nutrition using a
hydroponic growth system. Among other alterations, we observed a striking nitrate-specific coordinated upregulation of seven
functionally-uncharacterized class III glutaredoxin genes. The regulation of these glutaredoxins by nitrate appears to be indirect,
since their expression was independently induced by exogenous application of trans-zeatin, one of several cytokinins that
accumulates in nitrate-supplied, but not ammonium-supplied, Arabidopsis plants. To better understand the specific functional
role of these class III glutaredoxins in nitrate response, we constructed a single RNAi vector designed to silence four of the
nitrate-regulated glutaredoxin genes. Transgenic lines displaying suppressed expression of all of the targeted glutaredoxins
were phenotypically normal except for a substantial increase (~20%) in primary root length. Because increased primary root
growth is also a phenotypic characteristic of cytokinin-deficient Arabidopsis plants, our results suggest that the studied
glutaredoxins could act as a downstream component of the cytokinin signaling pathways that control root architecture.

322

THE EMBRYONIC LEAF IDENTITY GENE FUSCA3 REGULATES VEGETATIVE PHASE TRANSITIONS BY
NEGATIVELY MODULATING ETHYLENE-REGULATED GENE EXPRESSION IN ARABIDOPSIS

Sonia Gazzarrini* (Department of Cell and Systems Biology (CSB), University of Toronto, Canada; Department of Biological
Sciences, University of Toronto, Canada), Shelley Lumba (Department of Cell and Systems Biology (CSB), University of
Toronto, Canada), Yuichiro Tsuchiya (Department of Cell and Systems Biology (CSB), University of Toronto, Canada), Frederic
Delmas (Department of Cell and Systems Biology (CSB), University of Toronto, Canada), Jodi Hezky (Department of Cell and
Systems Biology (CSB), University of Toronto, Canada), Nicholas Provart (Department of Cell and Systems Biology (CSB),
University of Toronto, Canada; Centre for the Analysis of Genome Evolution and Function (CAGEF), University of Toronto,
Canada), Qing Shi Lu (Department of Cell and Systems Biology (CSB), University of Toronto, Canada; Department of Biological
Sciences, University of Toronto, Canada), Peter McCourt (Department of Cell and Systems Biology (CSB), University of
Toronto, Canada)
gazzarrini@utsc.utoronto.ca
The master regulator of embryonic development, FUSCA3 (FUS3), plays major roles in the establishment of embryonic leaf
identity and the regulation of developmental timing. Loss-of-function mutations in this B3 domain transcription factor result in the
replacement of cotyledons with leaves and precocious germination, whereas constitutive FUS3 expression causes the
conversion of leaves into cotyledon-like organs and delays vegetative and reproductive phase transitions. FUS3 controls
developmental timing by positively regulating ABA synthesis, while inhibiting GA biosynthesis. Herein we show that activation of
FUS3 after germination dampens the expression of genes involved in the biosynthesis and response to the plant hormone
ethylene, whereas the loss-of-function fus3 mutant shows many phenotypes consistent with increased ethylene signaling. This
FUS3-dependent regulation of ethylene signaling also impinges on timing functions outside embryogenesis. Loss of FUS3
function results in accelerated vegetative phase change and this phenotype can be partially rescued by inhibiting ethylene
signaling genetically (fus3 ein2) or pharmacologically (Ag+), suggesting it is partially dependent on functional ethylene signaling.
This alteration in vegetative phase transition is dependent on both embryonic and vegetative FUS3 function, suggesting that this
important transcriptional regulator controls both embryonic and vegetative developmental timing. The results of this study
indicate that FUS3 not only controls the embryonic-to-vegetative phase transition through the regulation of the ABA/GA ratio,
but also functions post-embryonically to delay vegetative phase transitions by negatively modulating ethylene-regulated gene
expression. These findings add ethylene to the list of hormones that contribute to temporal patterning in Arabidopsis.
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PINOID REGULATES ABCB1/PGP1-CATALYZED AUXIN TRANSPORT BY LINKER PHOSPHORYLATION

Markus Geisler* (University of Fribourg, Department of Biology, Fribourg, Switzerland), Sina Henrichs (University of Zurich,
Institute of Plant, Biology, Zurich, Switzerland, Bangjun Wang (University of Fribourg, Department of Biology, Fribourg,
Switzerland), Yoichiro Fukao (Plant Science Education Unit, Graduate School of Biological Sciences, Nara Institute of Science
and Technology, Nara, Japan
markus.geisler@unifr.ch
Polar transport of the plant hormone auxin is controlled by PIN- and ABCB/PGP efflux catalysts. PIN polarity is regulated by the
AGC protein kinase, PINOID (PID), while ABCB activity was shown to be dependent on interaction with the FKBP42, TWISTED
DWARF1 (TWD1). Using co-immunoprecipitation and shotgun LC-MS/MS analysis, we identified PID as a valid partner in
interaction with TWD1. This was confirmed by pull-downs and BRET analysis. In-vitro and yeast expression analyses indicated
that PID specifically modulates ABCB1-mediated auxin efflux in an action that is dependent on its kinase activity and that is
reverted by quercetin-binding and thus inhibition of PID auto-phosphorylation. Triple ABCB1/PID/TWD1 co-transfection in
tobacco revealed that PID enhances ABCB1-mediated auxin efflux but blocks ABCB1 in the presence of TWD1. In agreement
with such a negative regulatory impact on auxin transport in the shoot, PID loss-of-function results in strongly enhanced cellular
auxin efflux in planta, causing elevated shoot auxin levels that are consistent with reported developmental inflorescence defects.
Phosphoproteomic analyses identified S634 as a key residue of the regulatory ABCB1 linker and a target of PID
phosphorylation that determines both transporter drug binding and activity. In summary, we provide evidence that PID
phosphorylation has a dual, counter-active impact on ABCB activity that is coordinated by TWD1-PID interaction.
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REGULATION AND FUNCTION OF ORGAN SPECIFIC SYNTHESIS OF OXYLIPIN SIGNALS IN ARABIDOPSIS
THALIANA

Wiebke Grebner* (University of Wuerzburg, Germany), Martin J. Mueller (University of Wuerzburg, Germany), Susanne Berger
(University of Wuerzburg, Germany)
wiebke.hussels@biozentrum.uni-wuerzburg.de
Oxylipins are signaling molecules derived by oxygenation of polyunsaturated fatty acids with function in different stress
responses of plants. Especially the biosynthesis and function of jasmonates including the signaling molecules jasmonic acid
(JA) and its precursor 12-oxo-phytodienoic acid (OPDA) is well investigated in leaves of Arabidopsis thaliana. Most of the JA
biosynthesis enzymes like the 13-lipoxygenase LOX2, the allene oxide synthase AOS and the allene oxide cyclase AOC2 are
strongly expressed in leaves but there is only little expression in roots. This raises the question if there is jasmonate production
in roots. Further we want to know which possible functions of this organ specific oxylipin biosynthesis exist. To address these
questions, levels of different oxylipins in leaves and roots of hydroponically cultivated Arabidopsis plants were compared. In
addition oxylipin levels upon stress treatments were analyzed.

325

EIN3/EIL1 ACT AS A SIGNALING HUB THAT INTEGRATES MULTIPLE HORMONE RESPONSE PATHWAYS IN
ARABIDOPSIS

Hongwei Guo* (College of Life Sciences, Peking University, China)
hongweig@pku.edu.cn
Ethylene has been shown to interact with many signals including JA, auxin, GA, ABA, as well as environmental signals. Our
previous studies revealed that plant responses to ethylene are mediated by the regulation of EBF1/EBF2-dependent
proteasomal degradation of EIN3 and EIL1 transcription factors (Guo and Ecker, 2003, Cell; An et al., 2010, Plant Cell). We are
investigating the molecular and biochemical mechanisms of hormones interplays, and identifying the key integration
components and central nodes in the signaling networks. Jasmonate (JA) and ethylene (ET) are two major plant hormones that
synergistically regulate plant development and tolerance to biotic stresses. We recently reported that EIN3 and EIL1 integrate
ET and JA signaling. Our studies revealed that JA enhances the transcriptional activity of EIN3/EIL1 by removal of JAZ proteins,
which physically interact with and repress EIN3/EIL1. We further found that JAZ proteins recruit an RPD3-type histone
deacetylase (HDA6) that decreases histone acetylation level, represses EIN3/EIL1-dependent transcription, and inhibits JA
signaling (Zhu et al., 2011, PNAS). Apical hook is a unique functional structure essential for seed germination in the soil. Our
recent study showed that GAs and ethylene cooperatively regulate the hook curvature partly by inducing the gene expression of
HLS1, a putative N-acetyltransferase essential for hook formation. We further found that EIN3/EIL1s are the integration node
linking the two hormone pathways to directly activate HLS1 transcription, and that GAs induce HLS1 expression by relieving the
inhibitory effect of DELLA proteins on EIN3/EIL1 (An et al., 2012, Cell Research). Collectively, our results have demonstrated
that EIN3/EIL1 is a key integration node in the co-actions of ET and other hormones, and transcriptional de-repression of
EIN3/EIL1 represents a common mechanism to integrate diverse signalling pathways in the regulation of plant development and
defense.
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HSP90 INTERGRADES IN BR NUCLEAR SIGNALING

Polydefkis Hatzopoulos* (Laboratory of Molecular Biology, Department of Agricultural Biotechnology, Agricultural University of
Athens, Greece), Despina Samakovli (Laboratory of Molecular Biology, Department of Agricultural Biotechnology, Agricultural
University of Athens, Greece), Theoni Margaritopoulou (Laboratory of Molecular Biology, Department of Agricultural
Biotechnology, Agricultural University of Athens, Greece), Constantinos Prassinos (Laboratory of Molecular Biology, Department
of Agricultural Biotechnology, Agricultural University of Athens, Greece), Dimitra Milioni (Laboratory of Molecular Biology,
Department of Agricultural Biotechnology, Agricultural University of Athens, Greece)
phat@aua.gr
Mutations in any given member of the, as referred, Arabidopsis cytosolic Hsp90 gene family resulted in a plethora of
morphological alterations, showing that Hsp90 restricts stochastic phenomena by minimizing perturbations, thereby canalizing
development. Hsp90s control a number of developmental circuits, and serve a sophisticated and highly regulatory function in
steroid receptor signaling in metazoans. Brassinosteroids (BRs) are steroid hormones controlling many aspects of plant growth
and development. The Hsp90-1 and Hsp90-3 have default nuclear localization having nuclear localization signals (NLS) and
nuclear export signals (NES). The depletion from the nucleus was profound when the Hsp90-specific inhibitor geldanamycin
(GDA) was used. GDA also altered the constitutive nuclear localization of the BR-negative regulator BIN2 and affected the
expression pattern of a number of BR regulated genes similarly to BR and opposite to BRZ, a BR inhibitor. Interestingly,
Brassinolide (BL) alters Hsp90 localization and the protein is accumulated in the cytoplasm. The physical interactions between
BIN2 and Hsp90s were demonstrated by yeast 2-hybrid and split-YFP approach studies in the nucleus of tobacco cells.
However, protoplasts treated with BL showed that BIN2/Hsp90 protein interaction was localized in cytoplasm. GUS activity
driven by the Hsp90-1 promoter was highly induced in bri1 mutant. While GUS activity driven by Hsp90-3 promoter showed a
reduction or induction of GUS activity in bri1 or ucu mutants, respectively. RT-PCR from RNA isolated from the mutants verified
the results. Therefore active Hsp90s have a central role in sustaining the BIN2 nuclear localization hence its negative regulation
in BR signaling. Suppression of BIN2 negative regulatory activity by the BRs is mediated via the transient absence of the
BIN2/Hsp90 protein interaction from the nucleus.
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IDENTIFIES L-KYNURENINE AS A COMPETITIVE INHIBITOR OF TAA1/TAR ACTIVITY IN ETHYLENE-DIRECTED
AUXIN BIOSYNTHESIS AND ROOT GROWTH IN ARABIDOPSIS

Wenrong He* (School of Life Sciences, Peking University, China), Javier Brumos (Department of Genetics, North Carolina State
University, USA), Hongjiang Li (School of Life Sciences, Peking University, China), Anna N. Stepanova (Department of
Genetics, North Carolina State University, USA), Jose M. Alonso (Department of Genetics, North Carolina State University,
USA), Hongwei Guo (School of Life Sciences, Peking University, China)
Wenrongh@pku.edu.cn
The interactions between phytohormones are crucial for plants to adapt to complex environmental changes. One example is the
ethylene-regulated local auxin biosynthesis in roots, which partly contributes to ethylene-directed root development and
gravitropism. Using a chemical biology approach, we identied a small molecule, L-kynurenine (Kyn), which effectively inhibited
ethylene responses in Arabidopsis thaliana root tissues. Kyn application repressed the activity and nuclear accumulation of the
ETHYLENE INSENSITIVE3 (EIN3) transcription factor in roots. Moreover, Kyn application decreased ethylene-induced auxin
biosynthesis in roots, and TRYPTOPHAN AMINOTRANSFERASE OF ARABIDOPSIS1/TRYPTOPHAN AMINOTRANSFERASE
RELATEDs (TAA1/TARs), the key enzymes in the indole-3-pyruvic acid pathway of auxin biosynthesis, were identied as the
molecular targets of Kyn by biochemical studies. Further biochemical and phenotypic analyses revealed that Kyn, being an
alternate substrate, competitively inhibits TAA1/TAR activity, and Kyn treatment mimicked the loss of TAA1/TAR functions.
Molecular modeling and sequence alignments suggested that Kyn effectively and selectively binds to the substrate pocket of
TAA1/TAR proteins but not those of other families of aminotransferases. To elucidate the destabilizing effect of Kyn on EIN3, we
further found that auxin enhanced EIN3 nuclear accumulation in an EIN3 BINDING F-BOX PROTEIN1 (EBF1)/EBF2-dependent
manner, suggesting the existence of a positive feedback loop between auxin biosynthesis and ethylene signaling. Thus, our
study not only reveals a new level of interactions between ethylene and auxin pathways but also offers an efficient method to
explore and exploit TAA1/TAR-dependent auxin biosynthesis.

328

PROTEOME REGULATION IN ARABIDOPSIS REVEALS SHOOT- AND ROOT-SPECIFIC EFFECTS OF CYTOKININS
ON HORMONAL HOMEOSTASIS AND CYTOKININ-ETHYLENE SIGNALING CROSSTALK

Jan Hejátko* (Central European Institute of Technology, Masaryk University, Czech Republic), Markéta Žďárská (Central
European Institute of Technology, Masaryk University, Czech Republic), Pavlína Zatloukalová (Central European Institute of
Technology, Masaryk University, Czech Republic), Mariana Benítez (Central European Institute of Technology, Masaryk
University, Czech Republic), Ondrej Šedo (Central European Institute of Technology, Masaryk University, Czech Republic),
Tereza Dobisová (Central European Institute of Technology, Masaryk University, Czech Republic), Vendula Hrdinová (Central
European Institute of Technology, Masaryk University, Czech Republic), David Potěšil (Central European Institute of
Technology, Masaryk University, Czech Republic), Ondřej Novák (Palacky University and Institute of Experimental Botany, the
Academy of Sciences of the Czech Republic, Czech Republic), Jana Svačinová (Palacky University and Institute of
Experimental Botany, the Academy of Sciences of the Czech Republic, Czech republic), Bedřich Pešek (Institute of
Experimental Botany, the Academy of Sciences of the Czech Republic, Czech Republic), Jiří Malbeck (Institute of Experimental
Botany, the Academy of Sciences of the Czech Republic, Czech Republic), Jana Vašíčková (Central European Institute of
Technology, Masaryk University, Czech Republic), Eva Miklánková (Central European Institute of Technology, Masaryk
University, Czech Republic), Zbyněk Zdráhal (Central European Institute of Technology, Masaryk University, Czech Republic)
hejatko@sci.muni.cz
Shoot and root reveal specific and sometimes even contrary responses to phytohormones cytokinins (CK). However, the
molecular mechanisms underlying the tissue specificity of CK regulation remain mostly unclear. Here, we show that differential
CK-mediated proteome regulation underlies the shoot and root specificity of CK response at the hormonal metabolism and
signaling levels. We demonstrate that CK predominantly regulate proteins involved in carbohydrate and energy metabolism in
the shoot and in protein synthesis and destination in the root. Further, we identified proteins involved in abscisic acid (ABA)
biosynthesis and ABA-related proteins to be upregulated by CK in the shoot and we found most of the ethylene biosynthetic
pathway to be under strong and immediate control of CK in the root. Accordingly, CK mediated upregulation of ABA in the
shoot, while 1-aminocyclopropane-1-carboxylic acid, the rate-limiting precursor of ethylene biosynthesis was strongly
upregulated by CK specifically in the root. Further, using ethylene biosynthetic and signaling mutant we show that CK-induced
ethylene production contributes to the CK response in the root and modulates multistep phosphorelay (MSP) output through the
direct interaction of ethylene receptor ETR1 with AHP proteins, the members of the MSP signaling cascade. Finally, we
demonstrate that MSP mediates ethylene response, thus integrating both CK and ethylene signaling.
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THE QUEST FOR NOVEL GENES AND HORMONAL COMPONENTS REGULATING VASCULAR MORPHOGENESIS
IN ARABIDOPSIS PRIMARY ROOT

Hanna Help* (Institute of Biotechnology/Department of Biological & Environmental Sciences, University of Helsinki, Finland),
Ykä Helariutta (Institute of Biotechnology / Department of Biological & Environmental Sciences, University of Helsinki, Finland)
hanna.help@helsinki.fi
The Arabidopsis root vasculature consists of xylem, phloem and intervening procambial cells that arise from stem cells within
the root meristem. The genetic processes that control the formation of these different cell types are poorly understood. We have
previously shown that both auxin and cytokinin phytohormones are required during root procambial patterning and vascular
development in Arabidopsis (Mähönen et al. Science 2006, Bishopp & Help et al. Current Biology 2011). We know that vascular
pattern is controlled by an inhibitory interaction between these two hormones. A domain of high cytokinin signalling positions
and maintains an auxin signalling maximum in the xylem axis. Consequently, the xylem axis auxin maximum promotes xylem
identity and protoxylem differentiation. We have initiated experiments to uncover novel components using complementary
Posters: Plant Hormones

Page 129

ICAR 2012 Vienna, Austria

approaches. First, two microarray experiments were done to detect new components involved in the auxin-cytokinin interaction.
One array focused on auxin responsive genes in protoxylem. The other array targeted genes that respond to reduction in
cytokinin levels in the root tip. When these arrays were compared, results indicated that several unknown genes and a few
poorly characterized auxin related genes were strongly upregulated in xylem and procambium. It is possible that some of these
genes can act as nodes for crosstalk between hormonal signalling pathways in vascular morphogenesis. As a second approach
to identify novel genes regulating vascular patterning we performed a genetic screen in a ck signalling de-sensitized mutant
background. The aim was to identify genes controlling vascular patterning via regulation of ck signalling or interaction with other
hormones. The screen has so far yielded several mutants that show increased or reduced sensitivity to ck, altered vascular
symmetry and tissue specific cell death. These mutants may reveal novel components in ck signalling and modulators of auxin
domain.

330

EGR IS A RING FINGER E3 LIGASE THAT POSITIVELY REGULATE ABSCISIC ACID SIGNALING DURING SEED
GERMINATION IN ARABIDOPSIS

Qingpei Huang* (Peking University, China), Lijia Qu (Peking University, China)
huangqp@pku.edu.cn
Abscisic acid (ABA) plays important roles in various plant processes, such as abiotic and biotic stress response, seed
development and germination. We identify EGR (for Early Germination RING-finger) in Arabidopsis thaliana, a novel RING-type
protein. The loss-of-function egr mutant showed less sensitivity to ABA than wild type in seed germination, while overexpression
of EGR results in ABA hypersensitivity. EGR gene expresses specifically in the embryo during seed development and EGRGFP fusion protein is mainly localized in the nucleus, as observed by GUS assay and confocal microscopy respectively. We
demonstrate EGR is a functional E3 ubiquitin ligase in vitro. Using yeast two-hybrid assays, we identify a potential partner of
2+
EGR here named EIP (EGR Interaction Protein) which was reported to be involved in Ca signaling pathway. Our results
suggest that EGR might take part in post-translation modification of EIP and positively regulates ABA signaling during seed
germination in Arabidopsis.

331

ABA-RESPONSIVE ELEMENT BINDING PROTEIN 3 REGULATE THE ACTIVATION OF THE PHYTOCYSTATIN 6 BY
ABSCISIC ACID IN ARABIDOPSIS

Jihyun Je* (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21), Gyeongsang National University,
Korea), Jae-Yean Kim (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21), Gyeongsang National
University, Korea), Chae Oh Lim* (Systems & Synthetic Agrobiotech Center, Division of Applied Life Science (BK21),
Gyeongsang National University, Korea)
colim@gnu.ac.kr
Abscisic acid (ABA) is an important phytohormone regulating seed dormancy, germination, seedling growth and adaptation to
diverse environmental conditions. Here we show that a phytocystatin gene, Arabidopsis thaliana cysteine proteinase inhibitor 6
(AtCYS6), is regulated by a bZIP-type ABF/AREB/ABI factor. Several putative cis-acting elements, such as ABRE, were found
by computational analysis in AtCYS6 promoter sequences. The transient activation assay and electrophoretic mobility shift
assay showed that AtCYS6 expression was activated by a bZIP-type ABF/AREB/ABI factor, AREB3, among the 6 bZIP-type
factors. Additionally, the AtCYS6 transcripts were induced by exogenous ABA and the AtCYS6 knock-out mutant (cys-6) was
sensitive in the cotyledon greening and root growth, while the AtCYS6-overexpressors were insensitive to ABA. Our results
provide evidence that AREB3 is directly implicated in the ABA-dependent regulation of AtCYS6 gene and further suggest that
the AtCYS6 play important roles in plant development and growth.
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ALTERED AUXIN CONTENT AND RESPONSE IN ARABIDOPSIS MUTANT DND2

Liga Kale* (University of Latvia, Latvia), Anete Keisa (University of Latvia, Latvia), Ilva Nakurte (University of Latvia, Latvia),
Laura Kunga (University of Latvia, Latvia), Nils Rostoks (University of Latvia, Latvia)
liga.kale@gmail.com
Plant lesion mimic mutants have a potential for understanding the mechanisms of plant immunity. Interestingly, several plant
cyclic nucleotide-gated ion channels (CNGC) encoded by a 20 member gene family have been implicated in altered
hypersensitive response and disease resistance in Arabidopsis thaliana. Arabidopsis mutants dnd2 (hlm1) have mutations in
CNGC4 gene and display reduced hypersensitive response, while simultaneously exhibiting broad-spectrum resistance. In
addition, dnd2/hlm1 plants exhibit reduced size and enhanced branching compared to wild-type plants suggesting a link to auxin
responses. It has been also shown that auxin can restore apical dominance in mutant plants. Orthologous mutant nec1 in barley
comprises constitutively induced systemic acquired resistance markers. Recently we showed that apart from induction of SAR
makers nec1 also affects auxin related response of barley. Here we characterize changes in auxin response in Arabidopsis
dnd2 mutant. Several physiological tests, such as root elongation, root gravitropism and stomatal aperture measurments were
used to identify effects of exogenous application of IAA on dnd2 mutant compared to control plants. Real-time qPCR was used
to identify changes in mRNA abundance of several genes involved in auxin metabolism and signaling. Similarly to barley nec1,
Arabidopsis dnd2 exhibited increased IAA content in plant shoots. Comparative analysis of the auxin response in Arabidopsis
dnd2 with the barley nec1 mutant will be discussed.
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AUXIN PLAYS A ROLE IN THE GROWTH RESPONSE OF ARABIDOPSIS LEAVES TO DROUGHT STRESS

Shweta Kalve* (University of Antwerp, Belgium), Els Prinsen (University of Antwerp, Belgium), Kris Vissenberg (University of
Antwerp, Belgium), Gerrit T.S. Beemster (University of Antwerp, Belgium)
shweta.kalve@ua.ac.be
Although the role of auxin as a growth regulator has been studied intensively, its role in the response of growth to stress is
unknown. In a recent microarray study differential expression was found for 95 auxin-regulated genes in response to drought,
more than half of which show a differential regulation during leaf development. To investigate the potential role of auxin in the
regulation of leaf development to drought stress we grew Arabidopsis seedlings on MS medium supplemented with or without
25 mM mannitol as an osmoticum and in presence or absence of 0.1μM NAA. Our results showed that whereas exogenous
NAA increases leaf growth under controlled conditions, it inhibits growth under osmotic stress. Measurements of hormone
concentrations show auxin levels are highest during the proliferation phase of leaf development and gradually decrease through
the expansion phase to reach low levels at maturity. Conjugated IAA levels are strongly reduced by drought (and external NAA),
indicating auxin could be regulating the division and expansion processes in response to drought. Indeed, kinematic analysis
revealed that the growth inhibition due to osmotic stress was caused by reduction in both cell division and expansion. Mutant
studies demonstrate that changes in auxin signalling can enhance growth under control conditions and can exacerbate but not
overcome the growth reduction imposed by drought.
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CROSS TALK BETWEEN ARF AND PIN GENES IN ARABIDOPSIS THALIANA

Muhammad Asaf Khan*(University of Natural Resources and Life Sciences, Austria), René Benjamins (University of Utrecht,
The Netherlands), Christian Luschnig (University of Natural Resources and Life Sciences, Austria)
asaf.khan@boku.ac.at
Auxin has been established as a key player in the regulation of plant growth and development. At the cellular level, auxin
controls division, elongation, and differentiation as well as the polarity of the cell (Tromas and Perrot-Rechenmann, 2010). A
major determinant for controlling variations in auxin accumulation is directional, intercellular auxin transport (Friml et al., 2002;
Weijers et al., 2005). In recent years, it became evident that post-transcriptional regulation of PIN auxin efflux carrier proteins is
crucial for a wide range of growth processes, specifically via determination of protein localization and steady-state levels
(Wiśniewska et al., 2006). Substantially less is known however, about molecular determinants that control the transcription of
PIN genes. In a systematic approach we aimed at a characterization of cis- and trans-acting determinants that control auxin
responsiveness of PIN transcription. AUXIN RESPONSE FACTOR (ARF) genes were identified as a gene family that controls
expression of auxin-inducible gene via binding to canonical AuxRE elements found in a range of promoters including those of
PINs. However, so far only circumstantial evidence suggested a role for ARF proteins in modulating hormone responsiveness of
PIN transcription (e.g. Aida et al., 2004 Vieten et al., 2005, Scacchi et al., 2010). Evidence for a direct interaction between PIN
promoters and ARFs, is provided by EMSA demonstrating specific binding of GST-ARF fusions to AuxREs in PIN promoters. To
further address the biological relevance of these sites we mutagenized more than 10 predicted AuxREs in the PIN2 promoter
region. Single site and combinatorial AuxRE site mutant combinations have been introduced into wild type, pin2 as well as a
range of arf mutant combinations. We will present a detailed analysis of these lines and will discuss data on expression, auxin
responses and alterations in growth and development that arise as a consequence of these mutations in the PIN2 promoter.
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CONTRASTING AUXIN RESPONSE REGIMES CHARACTERISE DEVELOPMENT IN THE ARABIDOPSIS ROOT
EPIDERMIS

Martin Kieffer* (University of Leeds, UK), Ashlea Luddington (University of Leeds, UK), Lloyd Bridge (University of Nottingham,
UK), John King (University of Nottingham, UK), Dolf Weijers (Wageningen University,The Netherlands), Karin Ljung (University
of Umea, Sweden), Stefan Kepinski (University of Leeds, UK)
m.l.kieffer@leeds.ac.uk
The basic mechanism by which changes in auxin concentration are translated to changes in gene expression involves a
network of receptors and transcriptional regulators that is simple in overall architecture but highly complex and non-linear in
operation. Furthermore, the sheer diversity of developmental events regulated by auxin points to the existence of highly contextspecific responses to auxin within different tissues and cell-types. The root epidermis is used here as a model to understand the
developmental and environmental regulation of auxin responsiveness and its contribution to the epidermal patterning and root
hair growth. Using transcriptomic and genetic approaches we have identified sharply contrasting auxin response regimes that
characterise the hair and non-hair cell identity. These different auxin topologies are anchored at several levels to the established
WER/CPC/GL2 regulatory network controlling root epidermal patterning. A repressing non-hair cell auxin response regime is
enforced through at least two different mechanisms involving Aux/IAA and ARF repressors and the differential expression of
auxin transporters. To analyse the hair cell auxin response, we have constructed mathematical models capturing the essential
properties of the root hair auxin signalling mechanism. These models reveal potential self-regulating switching behaviour with
respect to the control of gene expression, the implications of which are discussed in the context of wider auxin-regulated plant
development.
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THE KISS ME DEADLY GENE FAMILY CONTROLS CYTOKININ SIGNALING BY REGULATING THE
DEGRADATION OF TYPE-B RESPONSE REGULATORS

Hyo Jung Kim* (Dartmouth College, USA), G. Eric Schaller (Dartmouth College, USA)
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hyojung.kim@dartmouth.edu
Cytokinins are plant hormones with profound roles in growth and development, such as the control of cell proliferation, shoot
formation, nutrient reallocation, shoot branching, and leaf senescence. In Arabidopsis, the transcriptional response to cytokinin
is regulated by action of the type-B response regulators (ARRs). Based on genome-wide analysis, we identified an E3-ligase
gene family whose expression is regulated by cytokinin, and designated this as the KISS ME DEADLY (KMD) gene family.
Expression data from GUS constructs indicates that KMD genes are broadly expressed, with high levels of GUS activity evident
at the shoot apical meristem and at the root tip. Overexpression of KMD genes results in substantially reduced sensitivity to
cytokinin based on (1) hypocotyl and root growth response assays, (2) induction of greening and shoot formation in tissuecultured explants, and (3) induction of cytokinin primary-response gene expression. High overexpression levels result in stunted
plants and premature termination of primary root growth, similar to what is observed in severe mutants of the cytokinin signaling
pathway. Conversely, loss-of-function KMD mutants display enhanced cytokinin sensitivity. The type-B ARRs were identified as
targets for the KMD proteins based on interaction studies and the finding that type-B ARRs are destabilized in the
overexpression lines. These results support a model in which the KMD family regulates the transcriptional response to cytokinin
by targeting the type-B response regulators for destruction. Furthermore, we find that KMDs regulate stability of the type-B
ARRs in a phosphorylation-independent manner, suggesting a novel mechanism by which to modulate the plant's sensitivity to
cytokinin.
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DIFFERENTIAL CYTOSKELETON-MEDIATED DYNAMICS OF ARABIDOPSIS THALIANA AUXIN INFLUX (AUX1)
AND EFFLUX (PIN1,2) CARRIERS

Martina Laňková* (Institute of Experimental Botany, Academy of Sciences of the Czech Republic), Jana Humpolíčková (J.
Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech Republic), Martin Hof (J. Heyrovsky Institute of
Physical Chemistry, Academy of Sciences of the Czech Republic), Eva Zažímalová (Institute of Experimental Botany, Academy
of Sciences of the Czech Republic), Jan Petrášek (Institute of Experimental Botany, Academy of Sciences of the Czech
Republic)
lankova@ueb.cas.cz
Plant hormone auxin is fundamental for almost all aspects of plant development. Concentration gradients of auxin within plant
tissues are generated by local biosynthesis of auxin, its metabolic changes and transport. Within the plant, auxin is transported
via vascular pathways as well as by the carrier-mediated cell-to-cell transport, directionality of which is controlled by the
localization and dynamics of plasma membrane (PM) auxin carriers. Here, we focus on the determination of cytoskeletondependence of the intracellular and PM dynamics of Arabidopsis thaliana auxin influx and efflux carriers (AUX1 and PIN1, 2
respectively). AUX1 and PIN1 carriers were expressed under inducible promoters in tobacco BY-2 suspension-cultured cells
and their intracellular trafficking was studied using confocal microscopy after application of actin or microtubular drugs
(latrunculin B, oryzalin). PIN1 was more sensitive to the action of both cytoskeletal inhibitors than AUX1. Fluorescence recovery
after photobleaching (FRAP) also indicated faster recovery of the PIN1 signal at the PM. Using novel approach - raster image
correlation spectroscopy (RICS) we examined the dynamics of auxin carriers within the PM of BY-2 cells (AUX1, PIN1) and
arabidopsis roots (AUX1, PIN2). RICS showed that PINs (PIN1, PIN2) are more mobile than AUX1 in both model systems.
Higher mobility of PINs, but not that of AUX1, within the PM was reduced upon the application of latrunculin B and to lesser
extent after treatment with oryzalin. Altogether, our results support the previous notion that two major types of auxin carriers
undergo different vesicle recycling pathways and point at the possibility that also within the PM, mobility of auxin carriers is
dependent on cytoskeleton.
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ARABIDOPSIS MATE PROTEIN HELPS REGULATE PLANT DEVELOPMENT THROUGH PHYTOHORMONE AUXIN

Jieru Li* (Peking University, China), Ruixi Li (University of California, Riverside, US)
li.jieru.78r@st.kyoto-u.ac.jp
Auxin is one of the most important plant hormones that regulates almost every aspect of plant growth and development,
especially in terms of plant architecture. By using forward genetics, one over-expression Arabidopsis mutant with striking
phenotypes is screened, in which one member of Arabidopsis MATE (multidrug and toxic compound extrusion) gene gets highly
expressed. Further analysis confirms that it is the over-expression of this gene causes the fast-growth and bushy phenotypes.
MATE proteins comprise a large family of transporters in all the living organisms whose biological functions are far less
understood by now. Genetic cross with the auxin transport and biosynthesis pathway mutants further suggests that this gene
helps regulate auxin profile in plant. Besides, DR5 signal gets severely changed in the over-expressor, especially in the place
where this gene is highly expressed. Interestingly, NPA treatment with the over-expressor reveals this mutant seems to be
resistant with the polar auxin transport inhibitor. However, in terms of knock-down mutant, we do not observe strong apical
dominance or other auxin related phenotypes, which might due to the partially active function of the gene or strong redundancy
of the gene family. Further work will be done aiming at a true loss of function mutant and the molecular mechanism of this
specific transporter.
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OVEREXPRESSION OF ARABIDOPSIS PHYTOCYSTATIN GENE, ATCYS2, CONFERS TOLERANCE TO DROUGHT
AND HIGH SALINITY STRESS

Chae Oh Lim* (Systems & Synthetiz Agrobiotech Center, Granduate School of Gyeongsang National University, Korea), Chieun
Song (Systems & Synthetiz Agrobiotech Center, Granduate School of Gyeongsang National University, Korea)
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colim@gnu.ac.kr
The phytocystatins are inhibitors of cysteine proteinases from plants involve in defense mechanisms and the regulation of
protein turnover. Here, we showed that Arabidopsis thaliana phytocystatin 2 (AtCYS2) is specifically expressed in seedlings by
ABA, a drought and high salinity adaptation phytohormone. This finding was made in transgenic plants bearing an AtCYS2
promoter-β-glucuronidase (GUS) reporter construct, where we found that expression from the AtCYS2 promoter induced after
ABA treatment. In addition, constitutive over-expression of AtCYS2 cDNA showed the insensitivity to ABA, but this was
reduced in the wild-type and RNAi knock-down mutant (RNAi-KD). The drought and salinity tolerance of AtCYS2overexpressing transgenic plants was significantly greater than of wild-type and RNAi-KD plants, as measured by fresh weight
and root length. An electrophoretic mobility shift assay showed that AtCYS6 gene was regulated by long hypocotylphenotype 5
(HY5), a light-signaling transcription factor. Additionally, transactivation experiments using Arabidopsis mesophyll protoplast
indicated that HY5 functions as a transcriptional repressor for AtCYS2 expression under ABA-treated condition. These results
suggest that AtCYS2 plays an important role in promoting drought and high salinity stress tolerance under the control of the
ABA signal cascade.

340

AUXIN HOMEOSTASIS IN ARABIDOPSIS RESPONDS RAPIDLY TO ALTERATIONS IN CARBOHYDRATE LEVELS

Karin Ljung* (Umeå Plant Science Centre, Sweden), Ilkka Sairanen (Umeå Plant Science Centre, Sweden), Ondrej Novák
(Umeå Plant Science Centre, Sweden), Göran Sandberg (Umeå University, Sweden)
karin.ljung@slu.se
Soluble sugars influence plant growth in two ways: they serve as reserves of reduced carbon, from where energy is released in
glycolysis and respiration, and as signaling molecules through the action of different receptor-kinases. Plant hormones play
important roles in mediating different growth responses, but the signal transduction mechanisms between carbon metabolism,
plant hormones and growth responses are still not understood at the molecular level. We can show that auxin metabolism is
very sensitive to the levels of soluble sugars, and that an increase in sugars lead to an increase in auxin biosynthesis in
Arabidopsis thaliana seedlings. We also show that the transcript levels of genes involved in auxin biosynthesis are regulated by
the levels of carbohydrates, and that auxin biosynthesis is elevated both in Arabidopsis ecotypes and mutant lines that
accumulate hexoses. Finally, labeling experiments show the importance of the TAA/YUCCA auxin biosynthetic pathway for this
response. We suggest a model for regulation of growth, where multiple environmental signals are transduced into changes in
IAA metabolism via the cytoplasmic carbon balance.
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AUXIN BIOSYNTHESIS BY TAA AND YUCCA FAMILIES IN PLANTS

Kiyoshi Mashiguchi* (RIKEN PSC, Japan), Keita Tanaka (RIKEN PSC, Tokyo Univ. of Agri. and Tech., Japan), Tatsuya Sakai
(Niigata Univ., Japan), Satoko Sugawara (RIKEN PSC, Japan), Hiroshi Kawaide (Tokyo Univ. of Agri. and Tech., Japan),
Masahiro Natsume (Tokyo Univ. of Agri. and Tech., Japan), Atsushi Hanada (RIKEN PSC, Japan), Takashi Yaeno (RIKEN
PSC, Japan), Ken Shirasu (RIKEN PSC, Japan), Hong Yao (Univ. of Missouri, USA), Paula McSteen (Univ. of Missouri, USA),
Yunde Zhao (Univ. of California San Diego, USA), Ken-ichiro Hayashi (Okayama Univ. of Science, Japan), Yuji Kamiya (RIKEN
PSC, Japan), Hiroyuki Kasahara (RIKEN PSC, Japan)
k.mashiguchi@psc.riken.jp
Auxin is a class of phytohormones that plays critical roles in various stages of plant development. Indole-3-acetic acid (IAA) is
the main auxin in vascular and non-vascular plants. Several IAA biosynthesis pathways have been postulated for many years,
but no pathways have been completely clarified. Previous studies demonstrated that TRYPTOPHAN AMINOTRANSFERASE
OF ARABIDOPSIS (TAA) and YUCCA (YUC) flavin monooxygenase families have vital roles in many processes such as
embryogenesis, seedling growth, flower formation and vascular development in both dicot and monocot plants. Recently, we
showed the main IAA biosynthesis pathway in Arabidopsis; the TAA family converts tryptophan to indole-3-pyruvic acid (IPA)
and the YUC family catalyzes the conversion of IPA to IAA. The YUC family mediates decarboxylation of IPA in an NADPHdependent manner. We are currently studying on enzymatic functions of the YUC family in various plants.

342

FUNCTIONAL ANALYSIS OF SMALL BIOACTIVE MOLECULES MODULATING JASMONATE SIGNALING IN
ARABIDOPSIS

Christian Meesters* (Max Planck Institute for Plant Breeding Research, Germany), Timon Mönig (Universität Duisburg-Essen,
Germany) Markus Kaiser (Universität Duisburg-Essen, Germany), Erich Kombrink (Max Planck Institute for Plant Breeding
Research, Germany)
meesters@mpipz.mpg.de
Jasmonic acid (JA) is one of the signaling compounds mediating plant’s response to wounding or attacks by herbivores or
necrotrophic pathogens. The conjugate (+)-7-iso-JA-L-Ile has previously been shown to be the most active form of JA and the
COI1
SCF
complex, in conjunction with JAZ repressor proteins, acting as its receptor. Nonetheless, other components and
mechanistic details of JA signaling remain unknown. This includes components mediating crosstalk with other hormone
signaling pathways or the mode of action of other bioactive jasmonates, which partially function in a COI1-independent manner.
To identify such components, we used a chemical biology approach, which has the potential to circumvent inherent problems of
forward genetics, such as redundancy of gene function, lethality of mutants and pleiotropic effects. We developed a luciferasebased screening procedure for bioactive compounds modulating the JA-response in Arabidopsis. Sifting through approx. 1,700
natural compounds, we identified 16 inhibitors of JA-induced LOX2p::LUC reporter expression. After validation and
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characterization of these inhibitors, one compound (12) was identified, which selectively impaired JA signaling. In addition to
preventing JA-induced gene expression, it specifically impaired degradation of JAZ proteins, which function as transcriptional
repressors of JA-Ile signaling. Additionally, structure-activity relationship studies revealed those parts of the molecule that where
indispensable for its bioactivity. Based on this analysis, a derivatized probe was designed for affinity-based target identification
experiments. Importantly, this probe retained bioactivity and the current approaches to identify its molecular target will be
presented. Collectively, our data indicate that compound 12 may be a useful tool to further dissect the JA signaling network and
unravel unknown components.

343

IDENTIFYING NOVEL REGULATORS OF THE AUXIN DEPENDENT GRAVITROPIC RESPONSE IN ARABIDOPSIS
THALIANA ROOTS

Ethel Mendocilla Sato* (University of Antwerp, Belgium), Darren Wells (University of Nottingham, UK), Michael Wilson
(University of Nottingham, UK), Tatsuaki Goh (University of Kobe, Japan), Hidehiro Fukaki (University of Kobe, Japan), Kris
Vissenberg (University of Antwerp, Belgium), Malcolm Bennett (University of Nottingham,UK)
Ethel.MendocillaSato@student.ua.ac.be
Root gravitropism plays a key role in the evolution of root system architecture. Recent studies have shown that a gravity
stimulus induces a lateral auxin gradient that promotes a differential growth response in the elongation zone, causing root
bending. Auxin response factors ARF7 and ARF19 play a key role in this differential growth response. When both genes are
mutated, plants exhibit an agravitropic phenotype. To study the alterations in gene expression, a detailed transcript profiling
experiment was performed on dissected meristematic and elongation zones of gravi-stimulated roots of wild-type (ecotype Col0) and the double mutant, arf7arf19. Over 500 differentially expressed genes were identified. Homozygous T-DNA insertion
lines were screened and tested for agravitropic behaviours. Mutants were selected on the basis of altered dynamics of gravity
response by performing time-lapse root imaging. Several promising candidates were identified that encoded novel gravitropic
signalling components. We will present a summary of our recent results.
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TRANSCRIPTIONAL EVENTS THAT MEDIATE THE SYNERGISTIC AND ANTAGONISTIC ACTIONS OF AUXIN AND
ETHYLENE ON ARABIDOPSIS ROOT GROWTH AND LATERAL ROOT DEVELOPMENT

Gloria Muday* (Wake Forest University, USA), Daniel Lewis (Wake Forest University, USA), Amy Olex (Wake Forest University,
USA), Stacey Lundy (Wake Forest University, USA), Jacquelyn Fetrow (Wake Forest University, USA)
muday@wfu.edu
We are exploring the molecular mechanisms by which auxin and ethylene synergistically inhibit root elongation and
antagonistically regulate lateral root formation. Auxin and ethylene enhance accumulation of transcripts encoding auxin
transport proteins, including AUX1, PIN3, and PIN7, and proteins that control synthesis of flavonoid regulators of auxin
transport, which regulate lateral root development and gravitropism, respectively. These transcripts are increased by the auxin,
IAA, and the ethylene precursor, ACC, in TIR1 (auxin receptor) dependent or an ETR1 and EIN2 (ethylene signaling) dependent
fashion, respectively. These results suggest independent hormone signaling networks regulating the same gene targets. To
expand our understanding of the distinct and overlapping transcriptional response to these two hormones, we have identified
genome-wide transcript abundance changes in Arabidopsis roots over a time course (0.5 to 24 hours) of IAA or ACC treatment,
performed in parallel to analyses of growth and root development. We identified 1,246 and 449 genes with consistent magnitude
and pattern of expression in response to IAA or ACC, respectively, with an overlap of 139 genes. These include rapidly
regulated primary response genes, including transcription factors and signaling proteins, and the more slowly changing
transcripts encoding proteins implicated in the control of lateral root development. We identified transcripts whose IAA and ACC
response suggest a role in either the synergistic or the antagonistic actions of these hormones by considering temporal,
magnitude, and directional change in expression patterns. We are testing the function of two sets of genes by examination of
knockout lines in individual genes to identify transcription factor networks that control the temporal response to hormones and
cell wall enzymes whose abundance affects elongation growth and/or lateral root development (Supported by NSF IOS
0820717 and USDA NIFA 2009-65116-20436).
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ROLE OF ROOTS IN HYPOCOTYL ELONGATION

Jan Novak* (Mendel University in Brno, Czech Republic), Bretislav Brzobohaty (Mendel University in Brno, Czech Republic)
jan.novak@mendelu.cz
There are many factors influencing hypocotyl elongation like light, temperature or hormones. It is known that light induces deetiolation of seedlings while low light irradiance or darkness leads to etiolation and produces yellowish seedlings with long
hypocotyls and unopened cotyledons. We were interested whether light applied to roots have any impact on hypocotyl
elongation and thus whether the shoot is influenced by irradiance of roots. Plants cultivated on MS are ordinarily exposed to
light with their entire surface including roots so we performed our experiments with roots exposed to low light and/or covered.
We have found roots to play an important role in hypocotyl elongation in a light dependent manner comparable to the role of
hormones in this process. Analysis of Arabidopsis mutants affected in hormone signalling reveal a potential role for cytokinins
and ethylene in root-dependent hypocotyl elongation. The double mutant ahk3ahk4 showed that cytokinins could be positive
regulators of the hypocotyl elongation caused by shading the roots while etr1 mutant indicates that ethylene is more likely an
inhibitor of this effect. We show that hypocotyl elongation correlates with elongation of cells in the hypocotyl. Moreover, we
would like to highlight the importance of light quality applied to roots. Response of the hypocotyl is color dependent. These
results indicate the importance of light irradiating roots on shoot development and open question which other processes could
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be influenced in a similar way. Therefore we believe that cultivation conditions used routinely in investigating early seedling
development should be re-considered.

346

TISSUE SPECIFIC PROFILING OF THE ARABIDOPSIS THALIANA AUXIN METABOLOME

Ondřej Novák* (Umeå Plant Science Centre, Sweden/Laboratory of Growth Regulators, Czech Republic), Eva Hényková (Umeå
Plant Science Centre, Sweden/Laboratory of Growth Regulators, Czech Republic), Ilkka Sairanen (Umeå Plant Science Centre,
Sweden), Mariusz Kowalczyk (Umeå Plant Science Centre, Sweden), Tomáš Pospíšil (Centre of the Region Haná for
Biotechnological and Agricultural Research, Czech Republic), Karin Ljung (Umeå Plant Science Centre, Sweden)
ondrej.novak@slu.se
Hormonal profiling methods use modern analytical tools based on fast chromatographic separation and mass spectrometric
quantitative analysis. The plant hormone auxin is believed to influence almost every aspect of plant growth and development.
We have developed and validated a method for profiling the majority of known auxin precursors and conjugates/catabolites in
small amounts of Arabidopsis tissue. Our method includes trace analysis of 21 compounds with different polarity, acidity and
basicity as well as stability and abundance in crude plant extracts. We found that a polymer based (Oasis HLB) sorbent was the
best tool for one-step purification, including a new derivatization method to quantify the most labile of the auxin precursors. The
process was completed by a single chromatographic analysis of auxin metabolites in 12 minutes using an analytical column
packed with sub-2-microne particles. In multiple reaction monitoring mode, the detection limit for most of the analytes ranged
from 1.0 to 5.0 fmol and the achieved linear range was at least five orders of magnitude. Finally, we profiled the auxin
metabolome in root and shoot tissues from different Arabidopsis thaliana ecotypes and auxin overproducing mutant lines,
showing substantial differences in the metabolite pattern between the lines and between different tissues. We also observed
differences in abundance of several orders of magnitude between different auxin metabolites, indicating the relative importance
of different auxin precursors and conjugates/catabolites for maintaining auxin homeostasis. We now have a powerful tool to get
a better understanding of the regulation of auxin metabolism during plant development.
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GENOME WIDE ASSOCIATION MAPPING OF AUXIN SIGNALING COMPONENTS IN ROOTS OF ARABIDOPSIS
THALIANA

Takehiko Ogura* (Gregor Mendel Institute, Austria), Bonnie Wolhrab
(Gregor Mendel Institute, Austria)

(Gregor Mendel Institute, Austria), Wolfgang Busch

takehiko.ogura@gmi.oeaw.ac.at
The classical plant hormone auxin has a variety of roles in plants and is crucial for growth and development. Its role for the
regulation of the realization of root system architecture including cell proliferation and differentiation, gravitropic response and
lateral root growth has a high importance. While several key genes have been identified as auxin signaling (AS) factors, the
interface between developmental process and AS is still not well understood. Notably, difficult challenges arise due to the
complexity of AS and its crosstalk to many other hormonal and developmental pathways. We aim to overcome some of those
challenges and identify novel components of AS in roots of Arabidopsis thaliana by using large-scale quantitative genetics and
AS network perturbation by a chemical genetics approach. We conducted treatments of plants with different chemicals, namely
auxin signaling inhibitor MXO-IAA, transport inhibitor NPA and a natural auxin IAA, on 220 natural accessions of A. thaliana to
disrupt AS. We acquired images at several days after the onset of the treatments, which resulted in more than 60,000 images of
single plants. Those images are applied to automated image processing to accurately quantify several traits related to root
growth and development. These data was used to conduct genome wide association mapping to find genomic regions that were
associated with different responses to the altered AS. We found several genes in proximity of significantly associated regions.
Using public databases of large-scale transcriptome, we selected highly confident genes that showed a consistent expression
profiles with the observed traits. These genes included an auxin-responsive SAUR gene, an AP2/EREBP transcription factor
and cytoskeleton regulators. We are currently characterizing those genes by phenotypic analysis of mutant lines, expression
analysis and biochemical characterization.

348

TIFY8 REGULATES JAZ GENE EXPRESSION UPON PSEUDOMONAS SYRINGAE INFECTION

Laurens Pauwels* (VIB and Ghent University, Belgium), Amparo Cuéllar Pérez (VIB and Ghent University, Belgium), Saskia CM
van Wees (Utrecht University, The Netherlands), Astrid Nagels Durand (VIB and Ghent University, Belgium), Janine Colling (VIB
and Ghent University, Belgium), Geert de Jaeger (VIB and Ghent University, Belgium), Corné MJ Pieterse (Utrecht University,
The Netherlands), Alain Goossens (VIB and Ghent University, Belgium)
lapau@psb.vib-ugent.be
Jasmonate (JA) signalling is mediated by the JAZ repressor proteins which are degraded upon JA perception to activate
downstream responses. The ZIM protein domain has been shown to be essential for JAZ homo- and heterodimerization and
binding to the co-repressor NINJA. This domain is characteristic of the larger TIFY protein family of which the role of the atypical
member TIFY8 is currently unknown. Here we show that TIFY8 expression is anti-correlated with expression several JAZ genes.
Most strikingly, we observed that upon Pseudomonas syringae pv. tomato DC3000 infection TIFY8 expression is repressed
while most JAZ genes are induced. A T-DNA line overexpressing a truncated form of TIFY8 is capable of enhancing JAZ gene
expression upon P. syringae infection. Tandem affinity purification of TIFY8 revealed a protein complex with NINJA and
PEAPOD2. TIFY8 formed a ternary complex with NINJA and TPL using yeast three-hybrid and TIFY8 acted as a transcriptional
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repressor in protoplasts. We hypothesize that the N-terminus of TIFY8 binds an unknown transcription factor that positively
regulates JAZ gene expression upon P. syringae infection.

349

AUXIN BINDING PROTEIN 1 CONTROLS ROOT GROWTH BY REGULATING THE HOMEOSTASIS OF AUX/IAA
REPRESSORS

Catherine Perrot-Rechenmann* (ISV,CNRS, France), Alexandre Tromas (ISV, CNRS, France), Anne-Laure Quettier (ISV,
CNRS France), Vérène Stierlé (ISV, CNRS, France) Sébastien Paque (ISV, CNRS, France), Esther Lechner (IBMP, CNRS
France), Pascal Genschik (IBMP, France)
catherine.rechenmann@isv.cnrs-gif.fr
Control of protein turn-over is central for various plant hormone signalling pathways. Amongst the last years, emphasis was put
on protein degradation mechanisms involving E3 ubiquitin ligases that promote hormone-induced degradation of specific
targets, often transcriptional repressors. For auxin, the binding of the hormone to TIR1/AFB – AUX/IAA co-receptors directly
prompts the ubiquitination and degradation of the AUX/IAA repressors by the 26S proteasome thus promoting downstream
transcriptional responses. How this short and efficient signalling pathway is buffered? How the plant controls the homeostasis of
AUX/IAA repressors and the timely restoration of repression according to developmental constraints? We investigated the
genetic relation between TIR1/AFB and the Auxin Binding Protein (ABP1) as well as the effect of ABP1 on AUX/IAA half-life in
plant roots. Unexpectedly, multiple tir1,afb null mutations were found to be epistatic to ABP1 inactivation. Genetic and molecular
evidences indicate that ABP1 is required for the stability of AUX/IAA and that an exaggerated degradation of AUX/IAA
repressors is deleterious for root growth and development. An ABP1-dependent pathway acts opposite to TIR1/AFB to control
root growth and development. Combining positive and negative regulation of SCF ubiquitin-proteasome pathways might be a
common mechanism conferring tight control of hormone-mediated responses.

350

THE SIGNALING OF THE PLANT HORMONE SALICYLIC ACID THROUGH THE NIMIN-NPR1 CONNECTION

Ursula M. Pfitzner* (Universität Hohenheim, Germany), Felix Maier (Universität Hohenheim, Germany), Meike Hermann
(Universität Hohenheim, Germany), Artur J.P. Pfitzner (Universität Hohenheim, Germany)
pfitzner@uni-hohenheim.de
NPR1 is a central regulator of systemic acquired resistance (SAR) in Arabidopsis. The NPR1 protein is activated upon SAR
induction. Current evidence suggests that NPR1 is the core of a transcription complex comprising different interaction partners.
TGA transcription factors link NPR1 to salicylic acid (SA)-responsive as-1-like cis-acting elements occurring in the promoters of
SAR-induced PR-1 genes, while NIMIN proteins regulate NPR1 activity in response to the SAR signal molecule SA. There are
four NIMIN genes in Arabidopsis, NIMIN1, NIMIN1b, NIMIN2 and NIMIN3. The NIMIN genes are regulated differentially.
Moreover, the NIMIN proteins interact differentially with NPR1, and they also affect NPR1 activity differentially. Thus, the
Arabidopsis NIMIN proteins target distinct functions of NPR1. Recently, Arabidopsis NIMIN genes have been classified as
lineage-specific genes (LSGs). The group of LSGs encompasses fast evolving genes that are important for environmental
adaptation of the plant response to various stress conditions. Consistently, biochemical differences have been recognized
between NIMIN and NPR1 proteins from Arabidopsis, tobacco and rice. Recent evidence also suggests that the SAR signaling
molecule SA targets Arabidopsis and tobacco NPR1 directly. The SA signal is transmitted through two conserved domains in
the C-terminal third of NPR1. One domain comprises the penta-amino acid motif LENRV. The other domain comprises the
binding site for the SA-induced NIMIN1 and NIMIN2-type proteins. A comprehensive model will be presented integrating the
effects of different NIMIN proteins and of the plant hormone SA on Arabidopsis NPR1 to regulate PR gene expression in
response to attack by pathogens. Although centered on the SAR response, our model is well compatible with further action of
the NIMIN proteins in other physiological processes as mediated by their interaction with TOPLESS.

351

A SYNTHETIC APPROACH REVEALS TUNABILITY OF AUXIN SIGNALING

Edith Pierre-Jerome* (University of Washington, U.S.), Kyle Havens (University of Washington, U.S.), Jessica Guseman
(University of Washington, U.S.), S. Shelly Jang (University of Washington, U.S.), Nick Bolten (University of Washington, U.S.),
Eric Klavins (University of Washington, U.S.), Jennifer Nemhauser (University of Washington, U.S.)
epjerome@uw.edu
The hormone auxin is a key signal in almost every aspect of plant growth and
development. Auxin signal transduction is dependent on the degradation of IAA corepressors through interaction with the
TIR1/AFB F-box auxin receptors. In Arabidopsis, there are 29 IAAs and 6 receptors. Particular combinations may have distinct
behaviors that contribute to the diversity of auxin responses. To characterize the functional consequences of interactions
between individual IAA and receptor pairs, we co-expressed Arabidopsis proteins belonging to each family in yeast and
measured the rate of auxin-induced degradation of the IAA proteins. We used time-lapse flow cytometry to capture the finescale degradation dynamics of a nearly complete set of fluorescently tagged IAAs with two different receptors: TIR1 and AFB2.
We found that IAAs exhibit a range of degradation rates and that degradation was strongly influenced by which auxin receptor
was present. IAA truncations provided evidence that regions outside the conserved degradation domain contribute to
degradation rates.
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352

CESTA, A POSITIVE REGULATOR OF BRASSINOSTEROID BIOSYNTHESIS

Brigitte Poppenberger* (Biotechnology of Horticultural Crops, Center for Life and Food Sciences Weihenstephan, Technische
Universität München, Germany), Mamoona Kahn, (Biotechnology of Horticultural Crops, Center for Life and Food Sciences
Weihenstephan, Technische Universität München, Germany), Wilfried Rozhon, (Biotechnology of Horticultural Crops, Center for
Life and Food Sciences Weihenstephan, Technische Universität München, Germany)
brigitte.poppenberger@wzw.tum.de
Brassinosteroids (BRs) are steroid hormones that are essential for the development of plants. A tight control of BR homeostasis
is vital for modulating their impact on growth responses. Although it is recognized that the rapid adaptation of de novo synthesis
has a key role in adjusting required BR levels, our knowledge of the mechanisms governing feedback control is limited. Recently
we have identified the transcription factor CESTA as a regulator of BR biosynthesis. ces-D was isolated in a screen of
Arabidopsis mutants by BR overaccumulation phenotypes. Loss-of-function analysis and the use of a dominant repressor
version revealed functional overlap among CESTA and its homologues and confirmed the role of CESTA in the positive control
of BR-biosynthetic gene expression. CESTA interacts with its homologue BEE1 and can directly bind to a G-box motif in the
promoter of the BR biosynthesis gene CPD. Interestingly CESTA re-localize to subnuclear compartments in a BR signaling
mediated manner. We present evidence for how this process is controlled and first results on how it impacts on CES activity.

353

SYSTEMS ANALYSIS OF LATERAL ROOT EMERGENCE IN ARABIDOPSIS

Silvana Porco* (University of Nottingham, UK), Helen Byrne (University of Oxford, UK), Tony Pridmore (University of
Nottingham, UK), Malcolm Bennett (University of Nottingham, UK)
stxsp14@nottingham.ac.uk
In Arabidopsis, lateral roots (LR) initiate in the pericycle cells adjacent to the xylem poles deep within the parental root. The
lateral root primordia must break through the outer cell layers and auxin is a key player in this emergence process. The auxin
influx carrier LAX3 facilitates emergence and it has been reported that LAX3 is responsive to auxin and is dependent on the
auxin response factors ARF7 and ARF19. Detailed studies showed that LAX3 is a secondary auxin responsive gene which
requires a transcription factor to be activated. In order to identify transcriptional regulators of LAX3 and/or genes involved in LR
emergence, putative candidate genes were selected from microarray datasets. Knock-out mutant lines of these transcription
factors were analysed for LR phenotypes. Also, using RT-qPCR, the dynamics of these auxin-inducible genes were determined
in different genotypes, WT, arf7 and arf19 mutants, to establish the relationship between them and the LR emergence
regulatory network. Transient expression assays in Arabidopsis protoplasts of these potential candidate genes are being used
to identify transcriptional regulators of LAX3. The functional characterization of these transcriptional regulators will be examined.
The identification of transcriptional regulators will lead us to discover novel regulators of lateral root emergence and add new
insights into organ emergence.

354

MOBILE GIBBERELLIN DIRECTLY STIMULATES ARABIDOPSIS HYPOCOTYL XYLEM EXPANSION

Laura Ragni* (University of Lausanne, Switzerland), Kaisa Nieminen (University of Lausanne, Switzerland), David PachecoVillalobos (University of Lausanne, Switzerland), Richard Sibout (University of Lausanne, Switzerland), Claus Schwechheimer
(Technische Universität München, Germany), Christian S. Hardtke (University of Lausanne, Switzerland)
laura.ragni@unil.ch
Secondary growth of the vasculature results in the thickening of plant structures and continuously produces xylem tissue, which
represents the principal form of biomass accumulation in perennial dicotyledons. In Arabidopsis secondary growth can occur in
roots, in hypocotyls and stems. The architecture of theses secondary tissues is very similar to Populus ssp.; thus Arabidopsis is
a credible model to study xylem secondary growth. In addition, working on hypcotyls offers several advantages (e.g. elongation
and radial growth are uncoupled). Furthermore parameters such as the xylem: phloem ratio, xylem area: total area or fiber
differentiation can easily be measured. Hence developmental transitions can effectively be monitored.
In Arabidopsis hypocotyls we can distinguish two phases of secondary growth, an early phase in which xylem and phloem are
produced at the same rate by the cambium and a later phase of xylem expansion, in which xylem is produced at higher rate,
and fibers differentiate reminiscent of tree stems. Previously, it has been shown that flowering triggers the shift between the two
phases. Furthermore, grafting experiments suggested that a shoot-derived signal is necessary to trigger this xylem expansion
We showed that flowering-dependent hypocotyl xylem expansion is a general feature of herbaceous plants with a rosette growth
habit. By contrast, in Arabidopsis neither flower formation nor elongation of the main inflorescence is required. Xylem expansion
also does not depend on any particular flowering time pathway or absolute age. Recently we have found that the gibberellin
(GA), which has been shown to regulate cambial activity and wood deposition in trees, is limiting xylogenesis and that GA
signaling is required locally to promote xylem expansion. In addition, the effect of GA was graft-transmittable suggesting that GA
itself is the mobile shoot-derived signal. Progresses on GA-downstream targets controlling this process will be reported.
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AUXIN BINDING PROTEIN 1 IS A POSITIVE REGULATOR OF AUXIN-MEDIATED PIN POLARIZATION IN
ARABIDOPSIS ROOT

Hana Rakusová* (VIB, Ghent University, Belgium), Krzysztof Wabnik (VIB, Ghent University, Belgium), Elke Barbez (VIB, Ghent
University, Belgium), Jürgen Kleine-Vehn (University of Applied Life Sciences and Natural Resources, Austria), Jiří Friml (VIB,
Ghent University, Belgium)
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harak@psb.ugent.be
Auxin is a major hormonal regulator of plant growth and development. Auxin is characterized by a cell-to-cell transport. And the
directionality of the auxin flow within plant tissues is determined by polar, subcellular localization of the PIN auxin efflux carriers.
Differential endogenous and environmental signals can rearrange trafficking and polarity of PINs, therefore altering auxin
distributions in plants. Auxin positively feeds back on its own flow at multiple levels such as PIN transcription, PIN stabilisation at
the plasma membrane and PIN polar localization. Local auxin application or auxin accumulation during de novo organ formation
leads to rearrangements in the subcellular polar localization of PIN auxin transport components. Here we identify the auxin
binding protein 1 (ABP1) as positive regulator of PIN1 and PIN2 polarization in the Arabidopsis root. This ABP1-mediated
feedback mechanism was characterised using abp1 loss- and gain-of-function lines. Our data suggest that auxin-dependent
repression of ABP1 function in the regulation of PIN subcellular dynamics acts as polarizing cue, which links individual cell
polarity with tissue and organ polarity. We propose that ABP1, together with the already well-described TIR1 dependent
signalling pathway, plays important role in this process. This feedback regulation provides a conceptual framework for regulation
of cell polarization in plants.

356

VASCULAR EXPRESSION IS FOUND ACROSS DIVERGED CLADES OF ARABIDOPSIS CYTOKININ RESPONSE
FACTORS WITH UNIQUE FUNCTIONAL ROLES

Aaron M. Rashotte* (Auburn University, U.S.A.), Paul J. Zwack (Auburn University, U.S.A.), Xiuling Shi (Auburn University,
U.S.A.), Margaret A. Compton (Auburn University, U.S.A.), Leslie R Goertzen (Auburn University, U.S.A.)
rashotte@auburn.edu
Cytokinin Response Factors (CRFs) are important transcription factors that form a side-branch of the cytokinin signaling
pathway and have been linked to cytokinin regulated processes during development. CRF proteins are defined as belonging to
a specific transcription factor family by the presence of an AP2/ERF DNA-binding domain and can be distinguished within this
family by a group-specific CRF domain involved in protein-protein interactions. Here we further delimit CRFs into five distinct
clades (I-V) represented across all major angiosperm lineages. Protein sequences within each clade contain a clade-specific Cterminal region distinct from other CRFs suggesting ancient evolutionary divergence and specialization within this gene family.
Conserved patterns of transcriptional regulation also support these clade divisions. In contrast, CRFs are unified in preferential
localization or targeting to vascular tissue shown in qPCR and reporter line analyses. Vascular expression is often strongest in
the phloem and suggests a potential role for CRFs in this tissue. CRF mutant analysis from cytokinin regulated clades revealed
alterations in higher-order leaf vein patterning, further linking CRFs to vascular regulated processes. Additional examination of
CRF mutants, overexpressors, and reporter lines suggests unique clade-specific functional roles may exist for each of these
groups that are unified by vascular expression. These include distinct regulation of processes involving cold, auxin, salt, and/or
senescence. In particular, study of clade III (CRF 5 and 6) has revealed a role for this clade in cytokinin regulated senescence
processes and sink/source allocation of sugars. Results related to these findings will be presented.
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AUXIN REDISTRIBUTION IN LATERAL ROOT COLUMELLA CELLS ORCHESTRATES ROOT SYSTEM
ARCHITECTURE

Michel Ruiz Rosquete* (Institute of Applied Genetics and Cell Biology BOKU, Austria and VIB, Belgium), Daniel von
Wangenheim (Frankfurt Institute for Molecular Life Sciences, Germany and Goethe Universität Frankfurt am Main, Germany),
Peter Marhavy (VIB and Ghent University, Belgium), Elke Barbez (Institute of Applied Genetics and Cell Biology BOKU, Austria
and VIB, Belgium), Ernst HK Stelzer (Frankfurt Institute for Molecular Life Sciences, Germany), Eva Benkova (VIB and Ghent
University, Belgium), Alexis Maizel (University of Heidelberg, Germany), Jürgen Kleine-Vehn (Institute of Applied Genetics and
Cell Biology BOKU, Austria and VIB, Belgium)
mrosquete@groupwise.boku.ac.at
The root system anchors plants in the soil and supplies the organism with water and nutrients. The root system architecture
largely depends on the number and directional growth of secondary roots. While we gained in the last decade substantial insight
into the regulation of lateral root primordia development, little is known about lateral root growth post emergence. Here we
provide mechanistic insight of how plants regulate lateral root expansion in regards to gravity. Light sheet-based fluorescence
microscopy (LSFM) 3D live cell imaging technique revealed that the ability of lateral roots to respond to gravity is immediate and
correlates with the de-novo establishment of the elongation zone. Biosynthesis, perception and the cell-to-cell transport of the
phytohormone auxin are jointly implied in directional growth of lateral roots. Our work particularly reveals the central role of
lateral root columella cells in the regulation of directional lateral root growth. Arabidopsis lateral roots grow initially at a
characteristic gravitropic set-point angle, which results from the degree of PIN3 auxin efflux carrier-dependent asymmetrical
redistribution of auxin in the lateral root cap. As the lateral root grows away from the main root, the progressive
activation/combination of PIN3, PIN4 and PIN7 in the lateral root cap regulates the gravitropic set point angle, determining the
root system architecture. We conclude that modulation of asymmetric auxin transport rates in lateral root columella cells could
be sufficient to manipulate root system architecture to improve plant anchoring, water and nutrient uptake and, hence, habitat
compatibility.
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THE ARABIDOPSIS GASA PROTEIN: POSSIBLE ROLES IN REDOX REGULATION AND PLANT DEVELOPMENT

Lior Rubinovich* (The Hebrew University of Jerusalem, Israel), David Weiss (The Hebrew University of Jerusalem, Israel)
Lior_rubi@yahoo.com
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Although the gibberellin (GA) signaling has been elucidated, very little is known about the steps linking first transcriptional
activation to physiological responses. Among the few identified GA-induced genes are the plant-specific GAST1-like genes,
which encode small proteins with a conserved cysteine-rich domain. The Arabidopsis GAST1-like gene family consists of 14
members, GASA1–14. Here we show that over-expression of GASA4 in Arabidopsis promoted typical GA responses.
Suppression of several GASA genes using synthetic microRNA also promoted seed germination, probably due to the
suppression of GASA5, which acts as a repressor of GA responses. Over-expression of GASA4 suppressed reactive oxygen
species (ROS) accumulation and the transgenic seeds were partially resistant to the nitric oxide (NO) donor sodium
nitroprusside (SNP). Moreover, Escherichia coli expressing GASA4 or GASA5 were resistant to H2O2 and SNP. A truncated
version containing only the cysteine-rich domain of GASA4 was also resistant to SNP. Protein extracts from E. coli expressing
GASA4 or GASA5 suppressed the oxidation of the fluorescent dye DCF-H2 by H2O2 and NO. In silico analysis of GAST-like
genes suggested structural similarities to the cysteine-rich domains of the ATP-Binding Cassette 1 (ABCE1) protein which bind
+2
iron-sulfur clusters [4Fe-4S] via cysteine residues. These clusters are involved in electron transfer and redox regulation.
Inductively coupled plasma mass spectrometry (ICP-MS) analysis indeed showed that recombinant GASA4 and GASA5 contain
high levels of iron atoms. Mutated GASA4, in which conserved cysteines were replaced by alanines, lost its redox activity and
the ability to promote GA responses, suggesting that the two functions are linked. We propose that GA induces some GAST1like genes and suppresses others to regulate its own responses. We also suggest that the encoded proteins regulate the redox
status of specific components to promote or suppress these responses.
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TWO-COMPONENT SIGNALING AND THE ETHYLENE RESPONSE OF ARABIDOPSIS

G. Eric Schaller* (Dartmouth College, USA), Brenda P. Hall (Dartmouth College, USA), Samina N. Shakeel (Quaid-i-azam
University, Pakistan), Madiha Amir (Quaid-i-azam University, Pakistan), Noor Ul Haq (Quaid-i-azam University, Pakistan), Brad
M. Binder (University of Tennessee, USA), Joseph J. Kieber (University of North Carolina-Chapel Hill, USA)
george.e.schaller@dartmouth.edu
The two-component signaling system of plants involves histidine kinases, phosphotransfer proteins, and response regulators.
Although this signaling system has an established role in mediating cytokinin signal transduction, a role in mediating ethylene
signal transduction is still unclear despite the fact that several ethylene receptors have histidine-kinase activity. In Arabidopsis,
ethylene is perceived by a five-member receptor family. Subfamily-1 members ETR1 and ERS1 have histidine-kinase activity,
unlike the subfamily-2 members ETR2, ERS2, and EIN4 which lack amino-acid residues critical for this enzymatic activity. To
resolve the role of histidine-kinase activity in signaling by the receptors, we transformed an etr1-9;ers1-3 double mutant with
wild-type and kinase-inactive versions of the receptor ETR1. Both wild-type and kinase-inactive ETR1 rescue the constitutive
ethylene-response phenotype of etr1-9;ers1-3, restoring normal growth to the mutant in air. However, the lines carrying kinaseinactive ETR1 exhibit reduced sensitivity to ethylene based on growth response assays, gene expression analysis, and
ethylene-induced protein accumulation of the Raf-like kinase CTR1. As a complement to these studies, we examined the shortterm growth response and recovery to ethylene of mutants in elements of the two-component signaling pathway. We find that
mutants in ethylene receptors, phosphotransfer proteins, and response regulators all exhibit a defect in their ability to resume
growth following an ethylene treatment. These data indicate that the histidine-kinase activity of ETR1 is not required for but
plays a modulating role in the regulation of ethylene responses. Furthermore, these data support a model in which a twocomponent signaling system may mediate some of the effects of ethylene on plant growth.

360

TRANSLATIONAL REGULATION OF HORMONAL RESPONSES IN ARABIDOPSIS

Anna Stepanova* (North Carolina State University, USA), Catharina Merchante (North Carolina State University, USA), Jeonga
Yun (North Carolina State University, USA), José M. Alonso (North Carolina State University, USA)
atstepan@ncsu.edu
Although transcriptional regulation has long been recognized as a vital process in the cell responses to the environment and in
the execution of developmental programs, very little is known about the selective translation of specific mRNAs and its
regulation. Using a genetic approach, we have identified two Arabidopsis mutants, ead1 and ead2, with altered responses to
ethylene and auxin. Cloning of EAD1 and EAD2 has unveiled an unexpected role of regulation of translation in hormonal
responses in plants. Our current hypothesis is that EAD1 and EAD2 function as a protein complex required for the efficient
translation of mRNAs that possess common structural (complex 5´UTR with uORFs) and functional (regulation of key cellular
processes) features. A subset of the candidate EAD1/2 targets corresponds to mRNAs for the ethylene and auxin response
pathway genes. To test our hypothesis, we have generated a series of constructs where the expression of GFP is regulated by
the presence of the 5´UTRs from candidate EAD1/2 target genes. The effects of wild-type 5’ UTRs vs uORF-less versions of the
same constructs have been compared. In planta experiments using these constructs indicate that the function of EAD1/EAD2 is
required for the efficient translation of reporter genes containing uORFs. We have also set up a ribosomal footprinting procedure
to identify endogenous EAD1/EAD2 targets and to further analyze the mechanism of action of these translational regulators.
Our progress in the functional characterization of EAD1 and EAD2 in Arabidopsis will be presented.

361

+

AUXIN ACTIVATES THE PLASMA MEMBRANE H -ATPASE BY PHOSPHORYLATION OF THE PENULTIMATE
THREONINE DURING HYPOCOTYL ELONGATION IN ARABIDOPSIS THALIANA

Koji Takahashi* (Nagoya University, Japan), Ken-ichiro Hayashi (Okayama University of Science, Japan), Toshinori Kinoshita
(Nagoya University, Japan)
i45337a@nucc.cc.nagoya-u.ac.jp
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Auxin is a phytohormone that regulates diverse aspects of plant growth and development. Recently, the E3 ubiquitin-ligase
TIR1/AFB
complex SCF
, including the TIR1/AFB auxin-receptor family, has shown to play critical roles for auxin-mediated
physiological responses through the transcriptional regulation. On the other hand, early-phase auxin-induced hypocotyl
elongation has long been explained by the acid-growth theory. The theory states that auxin enhances hypocotyl elongation by
+
+
stimulating proton extrusion via the plasma membrane H -ATPase. However, the mechanism by which auxin mediates H +
ATPase activation has yet to be elucidated. In this study, we examined the molecular mechanism of auxin-induced H -ATPase
activation during hypocotyl elongation in Arabidopsis thaliana. Application of the natural auxin indole-3-acetic acid (IAA) to
+
endogenous auxin-depleted hypocotyl sections induced phosphorylation of the penultimate threonine of the H -ATPase and
+
+
increased H -ATPase activity without altering the amount of the enzyme. H -ATPase phosphorylation occurred approximately 5
+
min prior to the hypocotyl elongation in response to IAA. Furthermore, IAA induced H -ATPase phosphorylation in a tir1-1 afb2-3
double mutant and an axr1-3 mutant, which are severely defective in auxin-mediated transcriptional regulation. In addition, α+
(phenylethyl-2-one)-IAA, the auxin antagonist specific for TIR1/AFBs, had no effect on the IAA-induced H -ATPase
+
phosphorylation. These results suggest that auxin-induced H -ATPase phosphorylation occurs independently of the TIR1/AFB
auxin receptors. We also found that calyculin A and okadaic acid, which are inhibitors of type 1/2A protein phosphatases,
+
inhibited both IAA-induced H -ATPase phosphorylation and elongation. Thus, we have demonstrated the activation mechanism
+
of the H -ATPase by auxin during early-phase hypocotyl elongation; this is the long sought-after mechanism that is central to the
acid-growth theory.

362

IDENTIFICATION OF INTERACTORS OF THE PLANT NATRIURETIC PEPTIDE HORMONE ATPNP-A

Ilona Turek* (King Abdullah University of Science and Technology, Saudi Arabia), Chris Gehring (King Abdullah University of
Science and Technology, Saudi Arabia)
ilona.turek@kaust.edu.sa
Plant natriuretic peptides (PNPs) comprise a novel class of extracellular systemically mobile molecules that share considerable
sequence similarity with their animal analogues, functioning as hormonal regulators of salt and water balance. A model PNP
present in Arabidopsis thaliana, termed AtPNP-A, has been shown to elicit various biochemical and physiological responses in
plants. These include cGMP-dependent stomatal guard cell opening, regulation of developmental stage- and tissue-specific ion
movements, and induction of osmoticum-dependent water uptake. Although the importance of AtPNP-A in ion and fluid
homeostasis has been established, the molecular mode of its action remains unclear. Our work focuses on performing
comprehensive protein-protein interaction studies undertaken to reveal the mechanism by which AtPNP-A mediates its activity.
Here we give an update on the current status of the project, reporting presumable interactors of the AtPNP-A hormone. In order
to find candidate proteins interacting with AtPNP-A, a yeast two-hybrid screen as well as affinity chromatography followed by
mass spectrometric analyses of the interaction partners have been performed. To this end the biological importance of identified
candidate interactors has been assessed using bioinformatics tools, and we are currently investigating the kinetics and
stoichiometry of several direct binary interactions in vitro using surface plasmon resonance. Future work will focus on in vivo
verification whether the interactions occur in planta via bimolecular fluorescence complementation assay. These findings will
provide a basis to discuss AtPNP-A downstream signaling pathways and significantly contribute to our understanding of the
molecular mechanism of PNP-mediated processes relevant to plant homeostasis.

363

INTEGRATING MICROARRAY EXPRESSION PROFILING AND COMPUTATIONAL MODELLING TO UNDERSTAND
ABA RECEPTOR REDUNDANCY

Jamie Twycross* (ICOS, University of Nottingham, U.K.), Daniela Dietrich (CPIB, University of Nottingham, U.K.), Michael
Holdsworth (CPIB, University of Nottingham), Malcolm Bennett (CPIB, University of Nottingham, U.K.), Natalio Krasnogor
(ICOS, University of Nottingham, U.K.)
jamie.twycross@nottingham.ac.uk
The recent discovery of the PYR/PYL/RCAR family of ABA receptors has greatly increased our understanding of the molecular
basis of ABA signal transduction. However, this discovery has also raised a number of new questions, which we are seeking to
address with an integrative systems biology approach. The ABA receptor family contains 14 members and a central question is
to understand the biological and functional basis for having such a large number of receptors. In order to investigate this
question, we first generated a high resolution microarray data set which allows us to profile the temporal expression pattern of
the ABA receptors in response to ABA. We found that expression patterns fell into three classes: two classes show downregulation of receptor expression at different rates, whereas a third class shows up-regulation of receptor expression. To
understand how these different expression patterns could affect the ABA response we constructed a computational model of the
ABA signal transduction pathway which incorporates the ABA receptors, as well as phosphatases of the PP2C subfamily and
SnRK2 kinases. Using this model and the data from our microarray experiments, we are able to assess and gain insight into the
potential effects that different expression patterns have on overall kinase activation and hence activation of the ABA signal
transduction pathway.

364

INTEGRATING CALCIUM SIGNALING TO HERBIVORE INDUCED JASMONATE PATHWAY

Jyothilakshmi Vadassery* (Max Planck Institute for Chemical Ecology, Germany), Michael Reichelt (Max Planck Institute for
Chemical Ecology, Germany), Bettina Hause (Leibniz Institute of Plant Biochemistry, Germany), Wilhelm Boland (Max Planck
Institute for Chemical Ecology, Germany), Axel Mithöfer (Max Planck Institute for Chemical Ecology, Germany)
jvadassery@ice.mpg.de
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In the interaction between Arabidopsis and the generalist herbivorous insect, Spodoptera littoralis, little is known about early
2+
events in defense signaling and link to downstream phytohormone pathways. We demonstrate that cellular calcium (Ca )
elevation is involved at multiple stages of interaction between S. littoralis and Arabidopsis. In insect herbivory S. littoralis oral
2+
secretions (OS), jasmonic acid and bioactive jasmonic acid-isoleucine conjugate, all induce Ca elevation in Arabidopsis
2+
cytosol. We used organelle targeted Ca reporters to demonstrate that apart from cytosol different cell organelles also produce
2+
2+
specific Ca elevation in response to herbivory signals. Microarray experiment to identify Ca sensor proteins resulted in
identification of calmodulin like protein (CML), CML42. Functional analysis of the cml42 loss-of-function mutant revealed that it is
more resistant to insect herbivory than the wild-type and S. littoralis larvae gain less weight on the mutant indicating that CML42
negatively regulates plant defense. This increased resistance was not associated with increased jasmonate (JA) accumulation,
but increased JA perception resulting in higher accumulation of JA responsive genes. CML42 was also negatively regulated by
2+
jasmonate receptor, COI1 and jasmonic cml42 mutant has an early, increased JA-induced Ca response than wild type. CML42
2+
is localized to cytosol and nucleus and might function as a Ca sensor decoding calcium signals in both the compartments.
Root growth inhibition by methyl jasmonate was more sensitive in cml42 mutant at lower concentration than wild type. JA
2+
2+
signaling pathway is modulated negatively by the Ca sensor protein, CML42, thus highlighting that Ca signaling in insect
herbivory is an intricate and complex network with multiple components involving positive and negative regulators in response to
2+
multi-organellar Ca elevations.

365

NON-REDUNDANT ROLES FOR AGC3 KINASES IN AUXIN-DEPENDENT PLANT DEVELOPMENT

Kasper van Gelderen* (Molecular and Developmental Genetics, Institute Biology Leiden, Leiden University, Sylvius Laboratory,
The Netherlands), Carlos S. Galvan-Ampudia (Molecular and Developmental Genetics, Institute Biology Leiden, Leiden
University, Sylvius Laboratory, The Netherlands), Xiong Yang (Molecular and Developmental Genetics, Institute Biology Leiden,
Leiden University, Sylvius Laboratory, The Netherlands), Martin van Rongen (Molecular and Developmental Genetics, Institute
Biology Leiden, Leiden University, Sylvius Laboratory, The Netherlands), Eike Rademacher (Molecular and Developmental
Genetics, Institute Biology Leiden, Leiden University, Sylvius Laboratory, The Netherlands), Remko Offringa (Molecular and
Developmental Genetics, Institute Biology Leiden, Leiden University, Sylvius Laboratory, The Netherlands)
k.van.gelderen@biology.leidenuniv.nl
The plant hormone auxin regulates plant growth and development by maxima and minima that are generated by polar cell-tocell transport of this signaling molecule. Polar auxin transport is driven by PIN-FORMED (PIN) auxin efflux carriers that direct
the transport through their polar localization on the plasma membrane. We have shown that the AGC3 kinases PINOID (PID),
WAG1 and WAG2 act redundant in determining PIN polarity by phosphorylating PIN proteins at three conserved TPRxS(N/S)
motifs in their large central hydrophilic loop. Phosphorylated PIN proteins localize at the apical (shootward) side of plant cells,
whereas loss-of-phosphorylation results in basal (rootward) PIN localization. As a result pid/wag1/wag2 mutant embryos and
inflorescence meristems do not form auxin maxima that are needed for organ initiation, resulting in embryos lacking cotyledons
and plants producing a few small pinformed inflorescences. Introduction of PIDpro::PID or PIDpro::WAG1 constructs into the
triple mutant background rescued these phenotypes. However, WAG2 and the fourth AGC3 kinase AGC3-4 (PID-2) were not
able to rescue the triple mutant phenotypes when expressed under the PID promoter. This result suggests that WAG2 acts only
partially redundant with PID and WAG1. For AGC3-4 we did not find the typical agravitropic and root meristem collapse
phenotypes observed for PID, WAG1 and WAG2 overexpression lines. Instead, AGC3-4 overexpression phenotypes resembled
those of the D6 protein kinases (D6PK), suggesting that AGC3-4 rather acts redundantly with those four AGC1 kinases.
Currently we are further investigating the differential action of the AGC3 kinases, thereby focusing on structural differences that
determine their differential subcellular localisation, and as a result possibly also their target protein preference. As part of these
studies we are re-investigating the suggested differential action of PID and WAG2 in dehisence zone specification.

366

ENDODERMAL AUXIN SIGNALING REGULATES LATERAL ROOT FORMATION AND EMERGENCE

Joop EM Vermeer* (University of Lausanne, Switzerland), Niko Geldner (University of Lausanne, Switzerland)
joop.vermeer@unil.ch
Endodermal cells deposit lignin-like material in a highly localized and coordinated manner, as a median ring surrounding the
cell, resulting in the formation of the “Casparian Strip” (CS). This barrier separates the central cell layers of the root from the
external environment (soil) and is though to provide protection against pathogens and abiotic stresses. Upon initiation of a
lateral root (LR) in the pericycle, this barrier is already fully established. Hence, plants must have devised a way to locally modify
the CS to allow emergence. To investigate this process we have used a combination of live cell imaging and functional
genomics. By using markers for the Casparian strip domain (CSD), plasma membrane, tonoplast and nucleus we have
characterized the fate of the endodermis during LR formation. This revealed that early in this process the CSD marker CASP1GFP locally disappears, which correlated with the local expression of auxin regulator IAA3/SHY2, suggesting that auxin plays a
key role in this process. To specifically interfere with endodermal auxin response, we generated plants expressing a stabilized
version of SHY2, shy2-2, exclusively in elongating endodermal cells. These proCASP1-shy2-2 plants grow and appear like wildtype plants except for a complete absence of LRs, supporting a key role for endodermal responses in this process. Surprisingly,
we observed that these proCASP1-shy2-2 plants completely fail to initiate LRs in the first place. However, auxin treatment can
induce LR formation in these plants, but emergence is severely disturbed, consistent with our initial expectations. Expressing
shy2-2 in the root cortex or epidermis had no or only marginal effects or LR formation and emergence. These observations
suggest that endodermal auxin signaling plays a key role during both LR initiation and emergence, revealing important inter-cell
layer communications that have been ignored until now.
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367

SYNERGISTIC ACTION OF HISTONE ACETYLTRANSFERASE GCN5 AND CLAVATA1 RECEPTOR KINASE
NEGATIVELY AFFECT ETHYLENE RESPONSES

Konstantinos Vlachonasios* (Aristotle University οf Thessaloniki, Greece), Stylianos Poulios (Aristotle University οf Thessaloniki,
Greece), Stergios Topouzis (Aristotle University οf Thessaloniki, Greece), Martina Samiotaki (Biomedical Sciences Research
Center “Alexander Fleming”, Greece), George Panayotou (Biomedical Sciences Research Center “Alexander Fleming”, Greece)
kvlachon@bio.auth.gr
GENERAL CONTROL NON-REPRESSIBLE 5 (GCN5) is a histone acetyltransferase (HAT) that acetylates lysine residues of
histone H3 and the catalytic subunit of several multicomponent HAT complexes. Mutations in the Arabidopsis GCN5 display
pleiotropic developmental defects including aberrant meristem function. Shoot apical meristem (SAM) maintenance is regulated
by CLAVATA1 (CLV1), a receptor kinase that controls the size of the shoot and floral meristems. Upon activation through
CLAVATA3 (CLV3) binding, CLV1 signals to the WUSCHEL (WUS) transcription factor restricting its expression and thus the
meristem size. We hypothesized that GCN5 and CLV1 act together to affect shoot apical meristem function. Using genetic and
molecular approaches we generated and characterized clvgcn5 mutants. Surprisingly, the clv1-1gcn5-1 and clv3-2gcn5-1
double mutant exhibit constitutive ethylene responses, suggesting that GCN5 and CLV signaling act synergistically to affect
ethylene responses in Arabidopsis. Molecular data suggest that this genetic interaction is mediated by EIN3. We used nanoUPLC-MS/MS to identify proteins that are expressed in clv1-1gcn5-1 double mutants in comparison with wild-type, clv1-1 and
gcn5-1 young seedlings. From 4110 detected proteins groups, 20% were differentially expressed in the double mutant most of
which were repressed. Several repressible polypeptides were involved in histone modifications such histone deacetylation as
well as transcriptional repression. Proteins with increased accumulation include the ethylene positive regulators EIL1 and HEN4.
We conclude that signals from CLV transduction pathway reach the GCN5-containing complexes in the nucleus and possibly
alter the histone acetylation status of specific genes, thus translating the CLV information to transcriptional activity and
uncovering a link between SAM maintenance and histone acetylation in the complex mode of ethylene signaling.

368

REGULATION OF ABCB-MEDIATED AUXIN TRANSPORT BY TWISTED DWARF1

Bangjun Wang* (University of Fribourg, Switzerland), Aurélien Bailly (University of Fribourg, Switzerland), Marta Zwiewka
(University of Gent, Belgium), Sina Henrichs (University of Zurich, Switzerland), Stephan Pollmann (Ruhr-Universität Bochum,
Germany), Daniel Schenck (Universität Hamburg, Germany), Hartwig Lüthen (Universität Hamburg, Germany), Elisa Azzarello
(University of Firenze, Italy), Stefano Mancuso (University of Firenze, Italy), Masayoshi Maeshima (Nagoya University, Japan),
Jiri Friml (University of Gent, Belgium), Alexander Schulz (University of Copenhagen, Denmark), Markus Geisler (University of
Fribourg, Switzerland)
bangjun.wang@unifr.ch
Polar auxin transport generates auxin gradients that are crucial for plant growth and development. Two groups of auxin
transporters, PINs and ABCBs, have been identified as major molecular components of auxin export. ABCBs were shown to
require the functionality of the FKBP42, TWISTED DWARF1 (TWD1), although the underlying mechanisms are unclear. Here
we show that TWD1 gain-of-function lines without membrane anchor (HA-TWD1-Ct) display giant plant architecture comparing
to the dwarfed twd1 mutant plants. Greater shoot sizes are the result of enhanced cell elongation correlating with higher cellular
auxin efflux capacities. As a consequence, TWD1 gain-of-function lines own higher basipetal auxin accumulation shown to
result in highly elevated, auxin-induced cell elongation and root gravitropism rates. Using cell-biological assays we verify
multiple intracellular locations for TWD1, and demonstrate co-localization and in planta interaction of TWD1-ABCB1 at the
plasma membrane. Interestingly, plasma membrane presence of ABCB1,4,19 is greatly reduced in twd1, indicating TWD1 as a
key regulator of ABCB-mediated auxin transport.

369

COORDINATED REGULATION OF APICAL HOOK DEVELOPMENT BY GIBBERELLINS AND ETHYLENE IN
ETIOLATED ARABIDOPSIS SEEDLINGS

Chang Xue* (Peking University, China), Fengying An (Peking University, China), Xing Zhang (Peking University, China),
Hongwei Guo (Peking University, Peking-Tsinghua Center for Life Sciences, China)
xuec471@126.com
Dark-grown Arabidopsis seedlings develop an apical hook when germinating in soil, which protects the cotyledons and apical
meristematic tissues when protruding through the soil. Several hormones are reported to distinctly modulate this process.
Previous studies have shown that ethylene and gibberellins (GAs) coordinately regulate the hook development, although the
underlying molecular mechanism is largely unknown. Here we showed that GA3 enhanced while paclobutrazol repressed
ethylene- and EIN3-overexpression (EIN3ox)-induced hook curvature, and della mutant exhibited exaggerated hook curvature,
which required an intact ethylene signaling pathway. Genetic study revealed that GA-enhanced hook development was
dependent on HOOKLESS 1 (HLS1), a central regulator mediating the input of the multiple signaling pathways during apical
hook development. We further found that GA3 induced (and DELLA proteins repressed) HLS1 expression in an ETHYLENE
INSENSITIVE 3/EIN3-LIKE 1 (EIN3/EIL1)-dependent manner, whereby EIN3/EIL1 activated HLS1 transcription by directly
binding to its promoter. Additionally, DELLA proteins were found to interact with the DNA-binding domains of EIN3/EIL1 and
repress EIN3/EIL1-regulated HLS1 expression. Treatment with naphthylphthalamic acid, a polar auxin transport inhibitor,
repressed the constitutively exaggerated hook curvature of EIN3ox line and della mutant, supporting that auxin functions
downstream of the ethylene and GA pathways in hook development. Taken together, our results identify EIN3/EIL1 as a new
class of DELLA-associated transcription factors and demonstrate that GA promotes apical hook formation in cooperation with
ethylene partly by inducing the expression of HLS1 via derepression of EIN3/EIL1 functions.
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370

VESICLE-ASSOCIATED MEMBRANE PROTEINS 721 AND 722 ARE REQUIRED FOR SUSTAINED GROWTH IN THE
PRESENCE OF ABSCISIC ACID

Changhyun Yi* (Dankook University, Korea), Sohyeon Park (Dankook University, Korea), Hye Sup Yun (Konkuk University,
Korea), Chian Kwon (Dankook University, Korea)
chadolhyun@naver.com
Vesicle-associated membrane proteins (VAMP) 721/722 form the SDS-resistant ternary SNARE complex with the plasma
membrane (PM)-residing PEN1 syntaxin and SNAP33 adaptor, which is required for immune responses as well as growth and
development in Arabidopsis. To understand the function of VAMP721/722 in plant growth, we investigated the extent of growth
+/-/-/+/inhibition of VAMP721/722-depleted plants (VAMP721 VAMP722 and VAMP721 VAMP722 ) by abscisic acid (ABA) that is
the representative abiotic stress and growth-inhibiting hormone. Growth is inhibited more in VAMP721/722-depleted plants
compared to wild-type and each single mutant (vamp721 and vamp722) plants by ABA, supporting the role of VAMP721/722 in
plant growth. Interestingly, the abundance of VAMP721/722 is gradually reduced over time by ABA treatment. Little change in
VAMP721/722 transcript levels and restored abundance of VAMP721/722 by MG132, an inhibitor of the 26S proteasomemediated protein degradation pathway, in the presence of ABA suggests that ABA at least partly suppresses plant growth by
posttranslationally depleting VAMP721/722 likely to reduce the delivery of growth-related cargo via VAMP721/722 secretory
vesicles.

371

INTEGRATION OF BRASSINOSTEROID SIGNALING, GENE REGULATORY NETWORK AND HISTONE CODES IN
THE CONTROL OF PLANT GROWTH, DEVELOPMENT AND STRESS RESPONSES IN ARABIDOPSIS THALIANA

Yanhai Yin* (Iowa State University, USA), Huaxun Ye (Iowa State University, USA), Xiaolei Wang (Iowa State University, USA),
Lei Li (Iowa State University, USA), Sanzhen Liu (Iowa State University, USA), Hongqing Guo (Iowa State University, USA),
Zhaohu Li (China Agricultural University, China), Patrick Schnable (Iowa State University, USA)
yin@iastate.edu
Plant steroid hormones, Brassinosteroids (BRs), regulate plant growth, development and responses to both biotic and abiotic
stresses. Recent microarray studies revealed that BRs regulate thousands of target genes; but the mechanism and network for
such regulation remain to be fully defined. BRs act through membrane receptor BRI1 and other signaling components to
regulate the activities of BES1 and BZR1 family transcription factors. We have previously identified BES1 direct target genes by
Chromatin Immunoprecipitation and genomic tiling arrays (ChIP-chip) and established a BR Gene Regulatory Network by
computational modeling (Plant J. 2011 65: 634-646). Our recent functional studies have demonstrated that BES1 targeted
transcription factors (BTFs) act in a combinatorial fashion to activate or repress different sets of genes for various BR
responses. Interestingly, some BTFs are directly regulated by BIN2 kinase, a well-established negative regulator in the BR
signaling pathway and BIN2 phosphorylation has opposite effects on different BTFs. Moreover, BES1 partners also contribute to
the complex BR-regulated gene expression. Two histone3 lysine 27 demethylases previously known to be involved in flowering
time control, EFL6 and REF6, interact with BES1 to regulate BR target gene expression and provide molecular links between
plant growth and reproduction (PNAS 2008 105:7618). We also found that BES1 recruits a transcription elongation factor IWS1
to control BR-responsive gene expression (PNAS 2010 107:3918-3923), establishing a novel mechanism for the regulation of
gene expression. IWS1 target genes have been identified by ChIP-seq, which revealed that IWS1 coordinates BR response with
several other hormone and stress response pathways. Taken together, BR signaling is integrated into a complex transcriptional
network and modulates chromatin structure to control plant growth, development and responses to environment cues. The
research is supported by NSF IOS 0546503.

372

ADENINE PHOSPHORIBOSYL TRANSFERASE1 CATALYZES CYTOKININ INTERCONVERSION AND MEDIATES
THE NON-HORMONE EFFECT OF HIGH-DOSE CYTOKININS IN ARABIDOPSIS

Xinyan Zhang* (Peking University, China) and Hongwei Guo (Peking University, China)
xyzpku@pku.edu.cn
In plant, the cytokinin metabolic processes, including cytokinin biosynthesis, interconversions, inactivation and degradation, play
critical roles in the regulation of cytokinin homeostasis and plant development. Previous work has implied the involvement of
purine metabolic enzymes in the cytokinin interconversion. In this study, the Adenine Phosphoribosyl Transferase1 (APT1) is
reported as a key enzyme that mediates the cytokinin conversion from cytokinin bases to nucleotides in Arabidopsis. APT1 is
functionally predominant among the five members of the Arabidopsis Adenine Phosphoribosyl Transferase family. Genetic and
biochemical evidence indicates that loss of APT1 activity leads to excess accumulation of cytokinin bases followed by the
activation of the cytokinin signal transduction pathway and myriad cytokinin-regulated responses, such as delayed leaf
senescence, anthocyanin accumulation, and downstream gene expression. APT1 also plays a central role in mediating the nonhormone effects evoked by high dose of cytokinins in a signaling-independent manner. We provide further evidence to
demonstrate that exogenously applied cytokinins activate at least three pathways: the APT1-mediated metabolic disturbance,
the cytokinin-induced ethylene production and the activation of the two-component cytokinin signaling. Taken together, this
study identifies APT1 as a metabolic enzyme catalyzing a key step of cytokinin interconversion, which also mediates the nonhormone responses to exogenous cytokinin application in Arabidopsis.
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AUXIN PLAYS A REGULATORY ROLE IN EARLY STAMEN DEVELOPMENT
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Feng Zhao* (Peking University, China), Yafeng Zheng(Peking University, China), Jiyuan Yang(Peking University, China),
Zhihong Xu(Peking University, China), Shunong Bai (Peking University, China)
zhaofengfly@126.com
Auxin is a plant hormone involved in regulation of many developmental processes. However, it is not yet clear whether auxin is
required for early stamen development. To address the question why the archesporal cells are always initiated in anther corners
and whether auxin is involved in pattern formation of anther development, we examined auxin existence and distribution during
early stamen development by performing immunolocalization assay with IAA-specific antibody. We found that IAA was clearly
detectable throughout the entire early stamen development, from initiation of primordium to pre-meiosis and the IAA distribution
pattern appeared to be correlated with the germ cell initiation pattern. Consistent with this idea, We analysed the IAA
localization in spl and found that the IAA distribution pattern changed in the absence of germ cell initiation, indicating a
dependence of the IAA distribution pattern upon germ cell initiation. However, tissue specific increase of the active IAA driven
by SPL promoter significantly altered the germ cell differentiation while SPL expression was affected. These findings suggested
that IAA should play an important role in early stamen development, and its role should be dynamically regulated along with the
cellular differentiation.
Posters: Natural Variation
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ARABIDOPSIS AS A MODEL TO STUDY GENETICS OF REPEAT EXPANSION ASSOCIATED GENETIC DEFECTS

Sureshkumar Balasubramanian* (Monash University, Australia), Hiroaki Sako (University of Queensland, Australia), Celine
Tasset (Monash University, Australia), Sailajah Vishwanathan (Monash University, Australia), Amanda Tabib (Monash
University), Hannes Eimer (Monash University, Australia), Charles Spillane (National University of Ireland, Galway), Sridevi
Sureshkumar (Monash University)
mb.suresh@monash.edu
Several neurogenetic diseases occur due to expansions of trinucleotide repeats. Repeat expansion in both coding (e.g.,
Huntington’s disease) as well as non-coding (e.g., Friedreich’s ataxia, fragile X syndrome) regions can lead to disease
conditions. Although triplet-repeat disorders have been known so far only in humans, recently we described a triplet expansion
associated genetic defect in the Bur-0 strain of Arabidopsis thaliana and showed that this system has striking parallels to the
human situation (Sureshkumar et al, Science, 2009). The Bur-0 strain carries an intronic expansion of a GAA.TTC repeat in a
gene encoding an enzyme required for amino acid biosynthesis. This expansion causes a temperature dependent growth
phenotype in the Bur-0 strain allowing us to perform genetic screens. Given that intronic expansions are difficult to engineer, this
system being the only natural genetic model described outside humans provides us with an excellent opportunity to carry out
genetic screens. We are exploiting this system in three different ways. First we have isolated several second site suppressors,
which we are currently mapping and characterising. Second, we are carrying out a small molecule library screen to identify
potential compounds that modulate the negative effects of expanded repeats. Third, we have gone back to Ireland, identified
natural populations with and without repeats and we are carrying out field experiments to understand the evolutionary
significance of repeats and their phenotypic consequences. Recent progress on this work will be presented.

375

IDENTIFICATION OF GENOMIC BASES ASSOCIATED WITH ADAPTATION TO COMPETITION IN ARABIDOPSIS
THALIANA

Etienne Baron* (University of Lille 1, France), Julien Richirt (University of Lille 1, France), Laurent Amsellem (University of Lille
1, France), Fabrice Roux (University of Lille 1, France)
etienne.baron@ed.univ-lille1.fr
In natural environments, plant communities are built by their habitats that present a role of selective filter. This filter is
constituted by both abiotic and biotic factors, which select species presenting a compatible niche. Although competition has
been proven to be one of the major interactions conditioning community assembly, the genetic and molecular bases of this form
of interaction are still poorly understood. A common garden experiment was set up to identify the genomic basis associated with
adaptation to competition in A. thaliana. Fifty-one A. thaliana accessions collected in a highly polymorphic natural population in
Burgundy (France) were grown in a situation of monospecific competition with four interspecific competitors found in its plant
community (Poa annua, Stellaria media, Trifolium arvense, and Veronica arvensis), and in an intraspecific competitive situation.
A total of ~1200 plants have been scored for vegetative, phenological, life-history and fitness-related traits. Based on the
genotyping of the 51 accessions with 214k SNPs, our GWA mapping results indicate that the genomic regions associated with a
response to interspecific competition vary according to the competitive species. This work illustrates the potential of natural
variation analysis to identify genomic regions associated with plant-plant interactions, leading us to new considerations: how
does A. thaliana evolve at a community scale, i.e. in a situation of pluri-specific competition?
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CLIMATES AT SITES OF ORIGIN ARE REFLECTED IN DROUGHT TOLERANCE OF ARABIDOPSIS THALIANA
ACCESSIONS

Marie Bouteillé* (INRA Montpellier, France), Yasushi Kobayashi (MPI Tübingen, Germany), Jun Cao (MPI Tübingen, Germany),
Denis Vile (INRA Montpellier, France), Detlef Weigel (MPI Tübingen, Germany), Bertrand Muller (INRA Montpellier, France)
bouteille.marie@gmail.com
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Drought is one of the major constraints for plant growth in natural and cultivated areas and is thought to have shaped evolution
of wild species. Tolerance to drought encompasses various responses, among which a strategy that consist in maintaining
shoot growth under drought. This strategy is targeted in crop plants that are bred for yield maintenance under drought, but is
also found in wild species since biomass production can be an important component of fitness. Understanding the impact of
climatic features in the wild on the differences observed between ecotypes in terms of shoot growth maintenance is therefore
important to decipher the basis of species adaptation. In this study, a total of 200 accessions of Arabidopsis thaliana collected in
very contrasted environments throughout the northern hemisphere were grown in controlled conditions, with or without soil
water deficit. Accessions that maintain their shoot growth under drought were considered as the most tolerant to drought. Two
geographic regions, Spain and central Asia, displayed higher levels of tolerance to drought, but also larger variability of climates
at collection sites. High levels of tolerance were associated with warmer temperatures within Spanish accessions, whereas
tolerance of Asian accessions was mainly associated with differences of hygrometry (air relative humidity, number of rainy
days). For both regions and to a lesser extend for Caucasus, the climatic water balance (difference between the precipitations
and the potential evapotranspiration) was negatively associated to plant tolerance, but the strength of this correlation varied
according to seasons. The importance of seasonal climates was also illustrated by the flowering strategies of these accessions.
We investigate the response to prolonged cold treatment (vernalization) and found that accessions that do not need
vernalization to flower were generally more tolerant to drought conditions, maybe because of dryer environmental conditions
that they encountered in nature when plants complete their cycle.

377

DIFFERENTIAL ACTIVATION OF DEFENSE RESPONSES UNDERLIES VARIATION IN POSTZYGOTIC HYBRID
INCOMPATIBILITY IN ARABIDOPSIS

Diana Burkart-Waco* (University of California Davis, USA), Kathie Ngo (University of California Davis, USA), Meric Lieberman
(University of California Davis, USA), Luca Comai (University of California Davis, USA)
dburkart@ucdavis.edu
Postzyotic incompatibility, which is a genetic mechanism that promotes speciation, is the result of non-additive interactions
between two or more divergent gene products. In Arabidopsis species, we have previously shown that the genetic basis of the
postzygotic incompatibility between diploid Arabidopsis thaliana X Arabidopsis arenosa is genetically complex. To further
characterize this incompatibility, we looked at seed development and gene expression changes in incompatible and compatible
diploid A. thaliana X A. arenosa hybrids 3 days post fertilization to gain insight into molecular basis of seed death. We found that
both incompatible and compatible hybrids are delayed in embryo development relative to A. thaliana seed parent. Siliques of
incompatible crosses display differential expression of defense response genes early in development. Knocking out one such
factor, NON-EXPRESSOR OF PATHOGENESIS RELATED1 (NPR1), which promotes cell death through activation of
PATHOGEN RESPONSE (PR) proteins, improves hybrid seed survival. We propose that variation in defense response between
A. thaliana ecotypes contributes to the interspecific incompatibility with A. arenosa.
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NATURAL GENETIC VARIATION OF PLANT RESPONSES TO COMBINATORIAL STRESSES

Silvia Coolen* (Utrecht University, The Netherlands), Hans van Pelt (Utrecht University, The Netherlands), Saskia C.M. van
Wees (Utrecht University, The Netherlands), Corné M.J. Pieterse (Utrecht University, The Netherlands)
s.coolen@uu.nl
Plants have co-evolved with an enormous variety of biotic and abiotic stresses, resulting in a wide range of naturally occurring
adaptive responses. Because plants can encounter various stresses simultaneously, they harbor a fantastic reservoir of
mechanisms that contribute to fine-tuning or rewiring of plant defenses in case of simultaneous stresses. In order to gain new
insights into how plants selectively adapt to the combined effect of different stresses, we explore the natural adaptive responses
of 360 Arabidopsis thaliana accessions from the HapMap collection. This collection represents a wide variety of globally
collected Arabidopsis plants that are genotyped for 250.000 single nucleotide polymorphisms (SNPs), which allows for genomewide association (GWA) mapping. We analyze the effect of insect herbivory by Pieris rapae caterpillars and exposure to drought
stress, on plant resistance against the necrotrophic fungal pathogen Botrytis cinerea. We found that both drought stress and
herbivory affect resistance against B. cinerea infection in many accessions either positively or negatively, indicating that the
responses to simultaneous stresses are differently regulated. Subsequent GWA analysis points to regions in the genome that
might be involved in rewiring of adaptive responses during combinatorial stresses, however this needs to be studied further in
detail. The ultimate goal is to utilize our knowledge on adaptive responses to combinatorial stresses to provide novel tools for
sustainable agriculture and resistance breeding.

379

EXPLOITING NATURAL VARIATION IN ARABIDOPSIS THALIANA AS SOURCE OF RESISTANCE TO
COMBINATORIAL BIOTIC AND ABIOTIC STRESSES

Nelson H. Davila Olivas* (Wageningen University, The Netherlands), Joop J. A. van Loon (Wageningen University, The
Netherlands), Marcel Dicke (Wageningen University, The Netherlands)
nelson.davilaolivas@wur.nl
Biotic and abiotic stresses are major factors that impact the yielding capacity of our crops; reducing almost up to 80% of the
yield potential in some crops. Considerable progress has been made towards the identification of genes that code for resistance
to a single biotic or abiotic agent. Studies on mutants impaired in signalling through the phytohormones jasmonic acid, salicylic
acid, abscisic acid and ethylene, triggered by biotic and abiotic stresses, have revealed antagonistic and synergistic interactions
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among them. It has been hypothesized that these interactions allow plants to respond to a combination of stresses in a tailormade manner. However, until now both biotic and abiotic stresses have been addressed separately. By studying combinations
of stresses have the potential of unravelling epistatic interactions between these signalling pathways. Since plants in natural
conditions are exposed to a plethora of biotic and abiotic stresses simultaneously, they must hold a broad reservoir of adaptive
mechanisms to multiple stresses. In this project we aim to explore natural variation in A. thaliana in adaptive defense to the
necrotrophic fungus Botrytis cinerea, the chewing herbivore Pieris rapae and drought. For this purpose we will phenotype a
collection of 360 A. thaliana ecotypes for resistance to individual and combined stresses. QTL’s responsible for the phenotypes
will be mapped by Genome Wide Associations. Furthermore, -omics and signalling profiles will be generated for contrasting
lines (i.e. susceptible vs. resistant). Mutants and overexpression lines will be generated for genes mapped by GWA. The
integration of all data will help us to foster new insights into how plants adapt to the combined effect of pathogen infection,
insect herbivores, and exposure to drought, and to convert this knowledge into novel tools for developing crops that are
resistant to multiple stresses.

380

QUANTITATIVE GENOMICS OF REPRODUCTIVE TRAITS IN ARABIDOPSIS

Dunia Pino Del Carpio*(Heinrich Heine University, Germany), Rüdiger Simon (Heinrich Heine University, Germany)
dunia.pino.del.carpio@uni-duesseldorf.de
In Arabidopsis the ovule primordia emerge from the placenta at an early stage during flower development. The ovule number
per flower is then determined by the maximum silique size and by the patterning mechanism that regulates the spacing of
ovules in the placenta. In order to unravel the ovule patterning mechanism and to identify genes, that regulate the spacing of
ovules in the placenta, we have integrated the results obtained through the use of different tools and approaches. Results from
a QTL analysis on a Cvi x Ler mapping population indicate that the genomic region, corresponding to the ERECTA locus,
regulate silique length, the total number of ovules per silique (ONS) and the ovule ratio (silique length/ONS). Additional
evaluation of complemented lines: Van-0 and Hir-1, natural accessions with the erecta allele, confirm the role of ERECTA on the
regulation of these reproductive traits. Association study of a natural population of 96 ecotypes, grown under two different
temperature conditions, have provided an additional list of candidate regulatory genes selected based on low p-value and highexplained variance. Candidate genes identified within the most significant genomic regions are currently under validation. The
quantitative trait analyses results from QTL mapping and Association studies will be integrated with RNA-seq data from parental
lines of mapping populations and other phenotypically diverse accessions. The RNA-seq analysis is of outmost relevance
because it will be highly informative due to the sample collection, through Laser Capture Microdissection, of the specialized
meristematic regions that generate the ovules (placenta). Moreover, samples were collected at different developmental stages.
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INCREASED VERNALIZATION TEMPERATURE OPTIMUM AS A STRATEGY TO ADAPT TO RANGE MARGINS

Susan Duncan* (John Innes Centre, UK), Svante Holm (Mid-Sweden University, Sweden), Alastair Grant (University of East
Anglia, UK), Caroline Dean (John Innes Centre, UK)
susan.duncan@jic.ac.uk
Natural accessions of Arabidopsis thaliana have adapted to growth across a wide latitudinal range and show considerable
variation in reproductive strategy. Many plants adapted to northern latitudes require vernalization (exposure to a prolonged
period of cold that ensures a rapid and robust flowering response in Spring). Vernalization results in the stable repression of a
major floral repressor called FLC and extensive natural variation exists in the length of cold required to satisfy this requirement.
o
Studies carried out at a previously determined optimal temperature of ~4 C reveal that much of this variation maps to cis
elements at FLC itself, however little is known about the range of temperatures that effectively activate this reponse in natural
accessions. In an attempt to reveal potential adaptation to extreme latitude, a vernalization temperature profile was determined
o
for Lov-1, an accession collected from the most northerly limit of the Arabidopsis range – Lövvik (62.5 N). Flowering time
following vernalization in native field conditions combined with environmental monitoring indicate that this Swedish accession
may have adopted a higher optimal vernalizing temperature to ensure full epigenetic silencing of FLC before onset of extreme
low temperatures during winter.

382

UNCOVERING THE GENETIC BASIS OF LOCAL ADAPTATION IN SWEDISH ARABIDOPSIS ACCESSIONS USING
TWO COMPLEMENTARY FIELD STUDY APPROACHES

Danièle Filiault* (Gregor Mendel Institute, Austria), Benjamin Brachi (University of Chicago, USA), Svante Holm (Mid Sweden
University, Sweden), Alison Anastasio (University of Chicago, USA), Envel Kerdaffrec (Gregor Mendel Institute, Austria),
Fernando Rabanal (Gregor Mendel Institute, Austria), Polina Novikova (Gregor Mendel Institute, Austria), Matthew Box (John
Innes Centre, UK), Susan Duncan (John Innes Centre, UK), Caroline Dean (John Innes Centre, UK), Joy Bergelson (University
of Chicago, USA), Magnus Nordborg (Gregor Mendel Institute, Austria)
daniele.filiault@gmi.oeaw.ac.at
Understanding the genetic basis of local adaptation has been a long-standing, and elusive, goal of evolutionary genetics. While
recent advances make it possible to map traits presumed to be adaptive in Arabidopsis, field experiments are key to assessing
whether the variants identified in such studies indeed provide an adaptive advantage. Here we discuss two complementary sets
of experiments that explore the extent and nature of local adaptation. In the first set, 200 Arabidopsis accessions representing
both Northern and Southern Swedish populations are planted in common garden experiments in four experimental locations:
two on the High Coast in the North of Sweden and two in the southern Swedish province of Skåne. Each experiment has a
randomized block design, permitting an accurate measurement of fitness traits (such as survival and silique number) as well as
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traits hypothesized to contribute to fitness differences (such as flowering time, herbivore damage, and pathogen levels).
Genome-wide association studies are being used to identify genetic variants underlying these traits and to determine whether
the variants in question correlated with fitness. The second set of experiments was designed to identify loci involved in
adaptation without relying on a priori hypotheses about traits contributing to fitness. In these dispersal experiments, replicated
experimental populations were established in both Northern and Southern Sweden using seed from the same 200 accessions
used in the common garden experiments. These populations are randomly sampled at least three times per year, allowing
changes in population-wide allele frequencies to be tracked over time. By examining the rate and genomic location of allele
frequency changes, not only will we be able to identify loci under selection in each experimental location, we will also gain
insight into how and when this selection takes place in natural populations.

383

IDENTIFICATION OF LOCI RESPONSIBLE TO ENZYME ACTIVITY VARIATION IN CENTRAL METABOLISM USING
GENOME WIDE ASSOCIATION

Corina M. Fusari* (Max Planck Institute of Molecular Plant Physiology, Germany), Rik Kooke (Wagenigen University, The
Netherlands), Beatrice Encke (Max Planck Institute of Molecular Plant Physiology, Germany), Nicole Krohn (Max Planck
Institute of Molecular Plant Physiology, Germany), Melanie Hoehne (Max Planck Institute of Molecular Plant Physiology,
Germany), Magnus Nordborg (Gregor Mendel Institute of Molecular Plant Biology, Austria), Joost J. B. Keurentjes (Wagenigen
University, The Netherlands), Ronan Sulpice (Max Planck Institute of Molecular Plant Physiology, Germany), Mark Stitt (Max
Planck Institute of Molecular Plant Physiology, Germany)
fusari@mpimp-golm.mpg.de
Enzymes constitute the metabolic machinery for primary C and N metabolism, which provides building blocks for growth. In a
previous study using Arabidopsis accessions we showed that many enzymes in primary metabolism correlate to each other,
suggesting that their levels are under tight common regulatory control. Analysis of the genetic regulation of enzyme activities
provides a powerful approach to identify genes in this regulatory network. Using the Ler x Cvi biparental population, we already
showed that there is considerable genetic variation in enzyme activities from central C metabolism and carried out coarse
mapping of QTL that determine 10 out of 15 enzyme activities. We have now deepened these studies by fine mapping 18
enzyme activities, 12 metabolites and biomass using a core set (326 accessions) of the RegMap panel, and by performing
association analysis using the 250K SNP chip. Correlation analyses confirmed that enzymes change in a very strong and
coordinated manner. By applying Mixed Linear Models we were able to identify associations between some enzyme activities
and key polymorphisms present in the respective structural genes. Some of these co-localized with coarse-mapped QTL in the
Ler x Cvi biparental population (e.g. acid Invertase and UGPase). However, many strongly associated SNPs were in trans to
enzyme structural genes, suggesting that they represent trans-regulatory QTL, e.g. for neutral invertase and AGPase. Colocalization of QTL for different enzyme activities identified potential regulatory hubs, i.e. gene loci related to transcriptional
regulation, cellular trafficking and protein degradation. All loci remained strongly associated when different methods were
applied to control for population structure and kinship relationships. These analyses provide the highest defined QTL dataset for
primary metabolism enzymes to date and break new ground in understanding the genetic regulation of central metabolism.

384

ADAPTIVE SIGNIFICANCE OF ATH-MIR824 NATURAL VARIATION IN ARABIDOPSIS THALIANA

Jin-Yong Hu* (Department of Plant Breeding and Genetics, Max-Planck-Institute for Plant Breeding Research, Germany),
Fillippos Klironomos (Institute for theoretical physics, University of Cologne, Cologne, Germany), Li Lei (Department of Plant
Breeding and Genetics, Max-Planck-Institute for Plant Breeding Research, Germany; (Institute of Botany, Chinese Academy of
Sciences, Beijing, China), Glenda Williems (Department of Plant Breeding and Genetics, Max-Planck-Institute for Plant
Breeding Research, Germany), Fei He (Department of Plant Breeding and Genetics, Max-Planck-Institute for Plant Breeding
Research, Germany; (Molecular Evolutionary Biology, Institute for Evolution and Biodiversity, Westfalische Wilhelms-Universitat,
Munster, Germany), Xue Dong (Plant computational biology group, Max-Planck-Institute for Plant Breeding Research, Cologne,
Germany), Johannes Berg (Institute for theoretical physics, University of Cologne, Cologne, Germany), Juliette de Meaux
(Department of Plant Breeding and Genetics, Max-Planck-Institute for Plant Breeding Research, Germany; (Molecular
Evolutionary Biology, Institute for Evolution and Biodiversity, Westfalische Wilhelms-Universitat, Munster, Germany)
jinyong@mpipz.mpg.de
Non-coding RNAs, especially miRNAs, enjoy unique evolutionary attributes due to their structural constraints and their roles in
posttranscriptional regulation of complex gene networks. The functional significance of miRNAs in development is well
established; however their adaptive roles have not been investigated especially under natural conditions. Polymorphism
segregating at the locus encoding ath-miR824 in Arabidopsis thaliana modulates the rate of miR824 synthesis. The phenotypic
survey revealed that miR824 allelic variation could modify the stomata patterning on the leaf surface hence affecting water loss
efficiency. These traits are known to evolve under selection pressures changing both in time and in space. We observe that the
action of this polymorphism depends on the environment as well as the genetic background. In a field trial, we show that
fluctuating selection operates on these alleles. We take advantage of the genome sequences of more than 1000 accessions of
Arabidopsis thaliana and present evidence that the geographical distribution of each allele associates with their geographical
distribution thus different environmental factors, such as temperature and humidity. Our work thus brings novel insights into how
complex gene networks respond to natural selection operating on the phenotypes they are controlling.
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IMPROVEMENT OF THE RESEARCH PLATFORM FOR ARABIDOPSIS CLOSE SPECIES

Satoshi Iuchi* (Experimental Plant Division, Bioresource Center (BRC), RIKEN Tsukuba Institute, Japan), Setsuko Kawamura
(Experimental Plant Division, Bioresource Center (BRC), RIKEN Tsukuba Institute, Japan), Masatomo Kobayashi (Experimental
Plant Division, Bioresource Center (BRC), RIKEN Tsukuba Institute, Japan)
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iuchi@brc.riken.jp
RIKEN BioResource Center (BRC) takes over the project of the Sendai Arabidopsis Seed Stock Center (SASSC) and starts
distribution and preservation of the Arabidopsis close species under the National Bio-resource Project (NBRP) supported by
Japanese government (http://sassc.epd.brc.riken.jp/sassc/). The close species for Arabidopsis are useful research tool. For
example, it can be adapted for research of evolution. To improve the research platform for Arabidopsis close species, we are
collecting the DNA sequence data from Arabidopsis relatives. First of all, we are trying to determine the DNA sequence of the
chloroplast genome regions, rbcL and matK. These DNA sequences provide us to information on a classification about
Arabidopsis relatives. We believe that the data will be useful for research communities, and are going to prepare database
which contains these data.
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NATURAL VARIATION IN THE COMPLEXITY OF CHLOROPLAST COPPER-CONTAINING PROTEINS EXPRESSION
REGULATION AMONG ARABIDOPSIS THALIANA ACCESSIONS

Ilona Juszczak* (Freie Universitaet Berlin), Margarete Baier (Freie Universitaet Berlin)
ilona.juszczak@fu-berlin.de
In photosynthetic organisms one of the most abundant copper proteins are plastocyanin (PC) and copper/zinc-containing
superoxide dismutase (Cu/Zn- SOD). It is known that the regulation of Cu/Zn-SOD in Col-0 and WS is miR398-dependent and
takes place at the post-transcriptional level, whereas the expression of PC is regulated at both, post-transcriptional and the
post-translational level by micro-RNAs (miR397, miR408, miR857) and amount of copper delivered to unstable without metal
cofactor apo-PC, respectively. Our recent studies (Juszczak et al. 2012) revealed severe differences in the regulation of gene
encoding chloroplast superoxide dismutase (Csd2) among Arabidopsis thaliana accessions from distinct cold, warm and
intermediate northern habitats, namely Kas-1, Cvi-0, Ms-0, WS, C24 and Van-0, at the transcriptional, post-transcriptional and
the protein levels. However, very little is known about the mechanisms underlying regulation of Csd2 and PC expression in
different A. thaliana ecotypes. Here, we report on the study of natural genetic variation in the expression regulation of main
chloroplast copper-containing proteins in seven accessions adapted to three different growth temperatures. Integrating the
expressional data generated for targets of miR398 encoding chloroplast proteins (Csd2 and CCS1), one of the most abundant
chloroplast copper protein (PC), RISC complex component Ago1, as well as for miR398 and cleaving Ago1 miR168a, we show
that the expression of Csd2 and CCS1 is differentially regulated by miR398 and/or by amount of Ago1 in various accessions.
Moreover, we report on that the expression regulation of all analyzed components is temperature dependent and differentially
changes in different accessions of A. thaliana. We postulate that these ecotype-specific variations evolved as acclimatory
mechanisms allowing plants to thrive in a range of environmental conditions and copper regimes.
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DISSECTING THE GENETIC BASIS OF PRIMARY SEED DORMANCY IN ARABIDOPSIS THALIANA

Envel Kerdaffrec* (Gregor Mendel Institute, Austria), Vincent Segura (Gregor Mendel Institute, Austria), Bjarni Vilhjálmsson
(Gregor Mendel Institute, Austria), Danièle Filiault (Gregor Mendel Institute, Austria), Magnus Nordborg (Gregor Mendel
Institute, Austria)
envel.kerdaffrec@gmi.oeaw.ac.at
Seed dormancy is likely to be an important adaptive trait as it determines the right timing of seed germination. Even if several
QTLs (Quantitative Trait Locus) have been identified in previous studies, it remains difficult to fully understand the genetic basis
of natural variation for this trait in A. thaliana. We have found great variation for primary seed dormancy in a set of 300 Swedish
accessions and we observed a strong correlation between this trait and latitude and climatic variables such as temperature and
precipitation. All northern accessions seem to be non dormant whereas most of those from the south exhibit a strong primary
seed dormancy.
GWAS (Genome Wide Association Studies) for primary seed dormancy on a subset of 163 accessions revealed a complex 50kilobase region encompassing the well-known gene DOG1 (Delay Of Germination 1) and at least 3 other interesting candidate
genes. Although DOG1 has been reported to be one of the major seed dormancy genes, neither its function nor the causal
polymorphism underlying variation in seed dormancy is known. We were able to narrow down the region of interest and we
identified at least 2 candidate SNPs (Single Nucleotide Polymorphism) in the DOG1 cis regulatory region. Based on these
findings, we looked at DOG1 haplotype structure and we found at least 17 haplogroups showing strong correlation with primary
seed dormancy levels. Moreover, the presence of several haplotypes leading to the same dormancy phenotypes provides
support for the idea of allelic heterogeneity, which could explain the complex signature of the DOG1 locus that we observed in
our initial GWAS. We are currently working on the functional validation of these results.
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ANALYSIS OF THE NATURAL GENETIC VARIATION OF PHOSPHITE SENSITIVITY IN ARABIDOPSIS THALIANA

Daniel Kollehn* (Murdoch University, Australia), Giles Hardy (Murdoch University, Australia), Philip O’Brien (Murdoch University,
Australia), Oliver Berkowitz (University of Western Australia and Murdoch University, Australia)
D.Kollehn@murdoch.edu.au
−

Phosphorus is one of the most critical macronutrients for plants and is taken up from the soil in the form of phosphate (H2PO4 ,
Pi). It is frequently not readily available to plants as it is often found in low concentrations and bound to other soil components.
Hence plants have developed strategies to adjust to Pi starvation with adaptations such as alterations of primary root length,
number of lateral roots or secretion of organic acids to raise Pi uptake capacity. In addition, Pi depleted plants increase the
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expression of genes involved in Pi acquisition, e.g. Pi transporters and purple acid phosphatases. Phosphite (H2PO3 , Phi) is the
more reduced form of Pi and taken up by plants through phosphate transporters. Although metabolically inert, Phi is able to
suppress Pi starvation responses, which results in an exacerbated Pi depletion leading to an inhibition of plant growth. In
addition, Phi accumulation can lead to toxicity, likely through interference with Pi dependent reactions or remobilization. Phi is
also used as an inducer of plant defense and biostat against plant pathogens, especially oomycetes (e.g. Phytophthora spp.),
which have devastating effects in horticultural and native ecosystems. The only reliable measure to control these pathogens is
Phi, but its mode of action is yet to be elucidated. To gain a better understanding on the effects of Phi on plant growth and
defense we have started to investigate the natural genetic variation of Phi sensitivity in Arabidopsis thaliana. Findings from this
research will improve our knowledge of the mode of action of Phi on plant defense responses, and might also have implications
for the understanding of Pi signaling or metabolism. Investigations into the genetic background of Phi dependent adaptation
have been made by observing the phenotypic responses of 18 different Arabidopsis accessions. We will present first results
obtained by screening for root phenotypes on media containing varying ratios of Pi and Phi.

389

STUDYING THE GENETIC CONTROL OF SEED OIL CONTENT AND COMPOSITION USING THE ARABIDOPSIS
‘MAGIC’ POPULATION

Smita Kurup* (Rothamsted Research, UK), Amélie Kelly (University of Warwick, UK), Christian Craddock (University of
Warwick, UK), Nicolette Adams (University of Warwick, UK), Eric Belfield (University of Oxford, UK), Nicholas Harberd
(University of Oxford, UK), Sue Welham (Rothamsted Research, UK), Peter J. Eastmond (Rothamsted Research, UK)
smita.kurup@rothamsted.ac.uk
The Arabidopsis ‘MAGIC’ population is a large multi-parent recombinant inbred mapping population made up of 19 parental
accessions. Arabidopsis accessions exhibit significant genetic variation in seed oil content and fatty acid composition. To better
understand the control of seed storage oil (triacylglycerol) synthesis in this species (which is related to Brassica oilseed crops)
we have grown ~500 MAGIC RILs in a replicated random block design experiment, measured seed size, % oil content and fatty
acid composition and performed statistical analysis of the data using REML. Calculated heritability for each of the traits was
0.72, 0.78 and 0.82-0.89, respectively. Using QTL mapping methods developed for the MAGIC population, multiple QTLs were
identified for seed size, % oil content and the proportion of each major fatty acid species (16:0, 18:0, 18:1n9, 18:2n6, 18:3n3 &
20:1n9). For several major QTLs the 90% confidence intervals were <1 Mb. Further analysis of one QTL suggests that allelic
variation at the LYSOPHOSPHATIDYLCHOLINE ACYLTRANSFERASE2 (LPCAT2) locus is primarily responsible for controlling
seed very-long-chain fatty acid (20:1n9) content within this population.
390

UNDERSTANDING ADAPTATION USING A. THALIANA HYBRIDS

Roosa Laitinen* (Max Planck Institute of Molecular Plant Physiology, Germany), Björn Plötner (Max Planck Institute of Molecular
Plant Physiology, Germany), Daniela Sieh (Max Planck Institute of Molecular Plant Physiology, Germany), Magdalena Świadek
(Max Planck Institute of Molecular Plant Physiology, Germany), Korbinian Schneeberger (Max Planck Institute for Plant
Breeding Research, Germany), Detlef Weigel (Max Planck Institute for Developmental Biology, Germany)
laitinen@mpimp-golm.mpg.de
Studies of natural variation at the genetic level have not only given us direct understanding of the molecular mechanisms
underlying adaptive traits such as stress tolerance or flowering, but also of adaptive evolution. Recently, several studies using
natural variants of Arabidopsis thaliana have investigated the genetic basis of hybrid incompatibility, a phenomenon in which
offspring shows reduced fitness in comparison to its parents. Yet, we are only in the beginning to understand what role the
different factors, molecular and environmental, play in shaping natural populations. We identified a case of hybrid necrosis in
wild A. thaliana collected around Tuebingen, Germany and investigated both, its genetic basis and distribution at a population
level. Based on segregation and phenotypic variation in F2, the Tuebingen hybrid necrosis seems to be caused by a single
locus and showed linkage to chr 4. We are currently testing the candidate genes and the prevalence of this phenotype among
individuals in the parental population. Moreover, we follow a case of F2 hybrid chlorosis, which was found in a cross between
Lov-5 (Lovvik, Sweden) and Sha (Shahdara, Tadjikistan) and is caused by two recessively interacting genes, located in chr 1
and 5. Further, we plan to investigate how environmental factors, both abiotic and biotic, could influence the hybrid phenotypes
and the population dynamics.
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NATURAL VARIATION OF ARABIDOPSIS THALIANA IN RESPONSE TO DNA REPLICATION STRESS

Chun-Hsin Liu* (Max Planck Institute for Plant Breeding Research, Germany), Ales Pecinka (Max Planck Institute for Plant
Breeding Research, Germany)
cliu@mpipz.mpg.de
DNA is the major storage of genetic information common to all cellular organisms. It is amplified via semi-conservative process
of DNA replication that is under developmental control and dynamically responds to various environmental stimuli. Under stress
conditions or during particular developmental stages, DNA may replicate without subsequent nuclear division, resulting in
changed cell, body size, or cellular biochemical performance. We set up a genetic screen to study DNA replication stress in the
context of Arabidopsis natural variation. To suppress DNA replication, we used hydroxyurea (HU) which blocks
RIBONUCLEOTIDE REDUCTASE and thus reduces deoxyribonucleotide synthesis. The screening population consisted of 400
Arabidopsis natural accessions that were grown on HU containing media and analyzed for relative survival. Although the
majority of lines were generally resistant, several accessions were reproducibly and highly sensitive to HU. The relative survival
values were combined with publicly available genome-wide single nucleotide polymorphism markers to find potential candidate
genes by Genome Wide Association (GWA) studies. Mutants of genes underlying major GWA peaks are currently tested for HU
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sensitivity. Due to low frequency of sensitive accessions which may reduce the efficiency of association mapping, GWA
mapping is complemented by classical quantitative trait locus mapping using recombinant inbred line population derived from
crosses between HU sensitive and resistant parents.

392

STIGMA-ANTHER SEPARATION AND NATURAL VARIATION OF OUTCROSSING IN ARABIDOPSIS THALIANA

Yonghai Luo* (Institute of Integrative Biology, ETH Zurich, Switzerland), Alex Widmer (Institute of Integrative Biology, ETH
Zurich, Switzerland)
yonghai.luo@env.ethz.ch
Despite the fact that most organisms are cross-fertilizing (outcrossing), which helps maintaining long-term adaptive potential
during evolution, the evolutionary transition from outcrossing to self-fertilization (selfing) is common in higher plants. This
process is thought to be unidirectional because of the irreversible loss of self-incompatibility and the evolution of the “selfing
syndrome”, which implies that selfing species may be on its way towards extinction. However, it remains unknown whether
mixed mating or outcrossing can be maintained or evolve in subpopulations of predominantly selfing species, leaving a
fundamental knowledge gap in our understanding of the evolution of plant mating systems. In this study, we performed multiple
field experiments in contrasting natural environments and estimated maternal outcrossing rates by genotyping large numbers of
offspring to assess variation in the mating system of Arabidopsis thaliana, a predominantly selfing model plant. Our results show
that the mating system in A. thaliana can be highly variable, ranging from predominantly selfing to mixed mating or even highly
outcrossing, and that this variation depended on genotype, environment and their interaction. We further investigated
phenotypic variation in stigma-anther separation (SAS) in A. thaliana and found that it partly accounted for the observed
variation in outcrossing. Further analyses unraveled that environment-dependent approach herkogamy - one type of SAS where
the stigma is positioned above the anthers - has a complex genetic basis and can effectively function as a mechanism
conferring outcrossing in A. thaliana. Overall, our findings provide empirical evidence suggesting the possibility for mixed mating
mediated by SAS in a predominantly selfing plant with a pronounced selfing syndrome and imply the necessity to reevaluate the
evolutionary and adaptive potential of selfing species.
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METABOLOMIC STUDIES OF SELECTED NATURAL ARABIDOPSIS THALIANA POPULATIONS IN AUSTRIA

Matthias Nagler* (University of Vienna, Dept. Molecular Systems Biology), Wolfram Weckwerth (University of Vienna, Dept.
Molecular Systems Biology)
matthias.nagler@univie.ac.at
Natural variation, as first described by Darwin, is the basis for natural selection, the only known process that can produce
adaptive evolutionary change. As Arabidopsis thaliana has - due to various reasons, the most important being the fully
sequenced genome - become a powerful model organism for studying many aspects of plant biology, it was discovered, that it is
inappropriate to think about ‘the’ genome of a species. In fact, a certain ecological amplitude can be assigned to any species
and it therefore consists of different populations, colonizing more or less different habitats. These habitats may impose different
directions of natural selection upon the species and thus lead (together with genetic drift) to diverging allele frequencies and to
inhomogeneous genetic structure. This inhomogeneity is called natural genetic variation and potentially provides insights in
genome evolution, population structure and selective mechanisms. However, not so much is know how this is related to the
ecophysiology of the plant in its natural environment. Recently, we applied metabolomic techniques to a large grassland study
called the Jena-experiment and revealed metabolic signatures for biodiversity of individual plant species in their semi-natural
environment (Scherling et al. 2010). In the present study we extended this approach to natural populations of Arabidopsis
thaliana in Austria and linked their metabolomic signatures to their individual habitats.
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MAPPING THE GENETIC BASIS OF NATURAL VARIATION OF ARABIDOPSIS THALIANA IN THE RESPONSE TO
UV-B RADIATION

Thomas Piofczyk* (Max Planck Institute for Plant Breeding Research, Germany), Ales Pecinka (Max Planck Institute for Plant
Breeding Research, Germany)
piofczyk@mpipz.mpg.de
Ultraviolet-B (UV-B) radiation (280-315 nm) is a ubiquitous part of natural sunlight. The UV-B intensities perceived by plants at
different geographical locations vary considerably, depending on latitudinal and altitudinal gradients, cloud coverage, shading by
surrounding vegetation and other factors. Several previous studies indicated that A. thaliana accessions originating from
different regions vary in their response to UV-B irradiation at the level of both photomorphogenic and damage responses. The
aim of this project is to understand the molecular basis of A. thaliana natural variation in response to the deleterious effects of
UV-B-light. To this end, a large collection of A. thaliana accessions was exposed to UV-B light and different growth related traits
were recorded. These data are used as a basis for genetic mapping by Genome Wide Association Studies (GWAS), as well as
classical quantitative trait locus (QTL) mapping.
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GENOME SIZE VARIATION IN ARABIDOPSIS THALIANA
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Fernando Rabanal* (Gregor Mendel Institute, Austria), Quan Long (Gregor Mendel Institute, Austria), Magnus Nordborg (Gregor
Mendel Institute, Austria)
fernando.rabanal@gmi.oeaw.ac.at
A bioinformatic analysis of the recently sequenced Arabidopsis lyrata genome to its close relative Arabidopsis thaliana revealed
that most of the difference in genome size between the two species is due to hundreds of thousands of small deletions in A.
thaliana encompassing mostly noncoding DNA and transposons. We are interested in exploring the diversity in genome size at
the within-species level. By measuring the nuclear DNA content by flow cytometry we have identified genome size differences of
more than ten percent between the 140 Swedish Arabidopsis thaliana accessions analyzed. Additionally, we have taken
advantage of the high coverage (~39X) at which these accessions have been sequenced to identify the loci that better account
for the observed variation. The number of 45S ribosomal DNA (rDNA) repeats inferred from read coverage makes the strongest
contribution to it. Further analysis will allow us to distinguished whether the detected abundance of 45S rDNA derives from the
chromosomal fraction of the genome or from extrachromosomal circular DNA. Our future work also focuses on the analysis of
genome wide association mapping to investigate the genetics underlying genome size variation.
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IF MENDEL ONLY KNEW: SEGREGATION DISTORTION IN ARABIDOPSIS THALIANA, OR A STORY OF SELFRECOGNITION AND POLLEN COMPETITION

Patrice A. Salomé* (Max Planck Institute for Developmental Biology, Tübingen, Germany), Detlef Weigel (Max Planck Institute
for Developmental Biology, Tübingen, Germany)
patrice.salome@tuebingen.mpg.de
We have genotyped at high resolution and with common markers over 7000 F2 plants derived from pair-wise crosses between
18 accessions. Most populations showed contained markers with significant deviation from the expected 1: 2: 1 Mendelian ratio,
indicating that segregation distortion is widespread. The most striking examples are seen in a population derived from Lov-5
(Sweden) and Shahdara (Tadjikistan); they are not caused by seed lethality, as F1 siliques are full. Both distorted regions map
to chromosome 1: on the upper arm, plants homozygous for the Lov-5 allele are virtually absent, while the lower arm is almost
devoid of plants homozygous for Sha (n plants = 443). Reciprocal crosses between Lov-5 x Sha F1 plants and each parent
demonstrate that distortion is only associated with F1 pollen. Distortion on the upper arm of chromosome 1 is only seen when
Sha is used as pollen recipient; this locus favors Sha pollen over Lov-5. Distortion on the lower arm is seen irrespective of the
parent used as pollen recipient, and represents a case of pollen competition, whereby only pollen carrying a Lov-5 allele at the
causal locus gives rise to seed. The promoter of the likely causal locus shows extensive divergence in Lov-5 from the Col-0 and
Sha alleles, and appears more similar to the orthologous A. lyrata promoter. A second, pollen-expressed cryptic locus may also
be important for the expression of distortion, as a cross between Lov-5 and Bay-0 leads to limited distortion in the F2 generation.
The Col-0 and Ler accessions do not carry this cryptic modifier, as a T-DNA loss-of-function allele for the candidate locus in a
Col-0 background does not result in distortion when crossed to Ler. Identification of all causal loci is underway, and will yield
critical information on the non-random segregation of alleles in F2 and more advanced populations.
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ANALYSIS OF NATURAL VARIATION AND QTL MAPPING FOR SCOPOLETIN CONTENT IN ARABIDOPSIS
THALIANA

Joanna Siwinska* (Intercollegiate Faculty of Biotechnology UG-MUG, Gdansk), Bogdan Banecki (Intercollegiate Faculty of
Biotechnology UG-MUG, Gdansk), Ewa Lojkowska (Intercollegiate Faculty of Biotechnology UG-MUG, Gdansk), Anna
Ihnatowicz (Intercollegiate Faculty of Biotechnology UG-MUG, Gdansk)
j.siwinska@biotech.ug.edu.pl
Coumarins are a group of secondary metabolites that provide plants antimicrobial and antioxidative activities. As phytoalexins,
they are produced in response to different biotic and abiotic stresses. Importantly, coumarins have many biological activities and
as a consequence their multi-pharmacological properties are widely used in medical applications and cosmetics industry.
Recently, it was shown that some coumarins (scopoletin, scopolin, skimmine and esculin) are produced in roots and shoots of
Arabidopsis thaliana. Although many plant species generate a wide variety of coumarins structures, little is known about the
transcription factors regulating biosynthesis of coumarins. The aim of this project is to identify genes involved in coumarins
biosynthesis, in particular master regulators of this process. The preliminary results obtained in our research group suggested
the presence of significant natural variation in scopoletin content between 28 A. thaliana accessions originating from a wide
range of habitats. The identification of scopoletin was confirmed by Gas Chromatography/Mass Spectrometry (GC/MS). The
level of scopoletin was estimated by Thin Layer Chromatography (TLC) and subsequently confirmed by High Pressure Liquid
Chromatography (HPLC). Based on these results we selected a mapping population (AI-RILs) derived from the cross between
Columbia (Col) and Estland (Est-1) for further analysis. Three biological replicates of each line of mapping population were
grown in in vitro liquid cultures. After 28 days of cultivation, plants were harvested and subsequently the secondary metabolites
were extracted. Methanol extracts made from A. thaliana roots were subjected to enzymatic hydrolysis in order to hydrolyze the
glycoside forms of coumarins. The extracts are currently being phenotyped by HPLC and will be consequently analyzed to map
QTL.
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COMPLEX EVOLUTIONARY EVENTS AT A TANDEM CLUSTER OF ARABIDOPSIS THALIANA GENES RESULTING
IN A SINGLE-LOCUS GENETIC INCOMPATIBILITY

Lisa M. Smith* (Max Planck Institute for Developmental Biology, Germany), Kirsten Bomblies (Max Planck Institute for
Developmental Biology, Germany), Detlef Weigel (Max Planck Institute for Developmental Biology, Germany)
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lisa.smith@tuebingen.mpg.de
Non-additive interactions between genomes have important implications not only for practical applications such as breeding, but
also for understanding evolution. In extreme cases, interactions between genes from different genomic backgrounds may
present as incompatibilities that compromise normal development or physiology. Despite their importance, only a few cases of
genetic over- or underdominance affecting plant growth or fitness are understood at the level of individual genes. Moreover, the
relationship between biochemical and fitness effects may be complex: genetic overdominance, that is, increased or novel
activity of a gene may lead to evolutionary underdominance expressed as hybrid weakness. We describe a non-additive
interaction between alleles at the Arabidopsis thaliana OAK (OUTGROWTH ASSOCIATED KINASE) gene. OAK alleles from
accessions Bla-1 and Sha interact in F1 hybrids to cause a variety of aberrant growth phenotypes that depend on a recently
acquired promoter with a novel expression pattern. The OAK gene, which is located in a highly variable tandem array encoding
closely related receptor-like kinases, is found in one third of A. thaliana accessions, but not in the reference accession Col-0.
Besides recruitment of exons from nearby genes as promoter sequences, key events in OAK evolution include gene duplication
and divergence of a potential ligand-binding domain. OAK kinase activity is required for the aberrant phenotypes, indicating it is
not recognition of an aberrant protein, but rather a true gain of function, or overdominance for gene expression, that leads to this
underdominance for fitness. Our work provides insights into how tandem arrays, which are particularly prone to complex
rearrangements, can produce genetic novelty.
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IDENTIFICATION OF QUANTITATIVE TRAIT LOCI REGULATING ARABIDOPSIS THALIANA ROOT DEVELOPMENT

Radka Uhlířová* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Bonnie Wohlrab (Gregor Mendel Institute of
Molecular Plant Biology, Austria), Wolfgang Busch (Gregor Mendel Institute of Molecular Plant Biology, Austria)
radka.uhlirova@gmi.oeaw.ac.at
Natural variation can be used as a powerful alternative to screening mutant collections to explore the basis of complex biological
processes. Due to its worldwide distribution throughout diverse habitats Arabidopsis thaliana (A. thaliana) is a suitable model for
using such an approach. The extent of genetic variation between local populations is considerable and impacts many traits
shaping A. thaliana’s life cycle such as flowering time, seed dormancy, and response to biotic and abiotic stress. Here we
exploit the natural phenotypic variation to dissect the molecular basis underling A. thaliana early root development. For this we
used 250 accessions that were already sequenced or genotyped at high density. The high-throughput phenotypization of these
accessions was conducted by acquisition of root images at multiple days and using a semi-automatic image analyses
computational pipeline. In total we acquired 28200 images of single roots and quantified several traits from each image. The
most informative trait, the growth rate of the root was used for genome wide association mapping to identify genomic regions
associated with the observed variation. Several highly significantly associated genomic loci could be identified. We found
several genes in proximity of associated single nucleotide polymorphisms and filtered those using cell-type specific expression
data of the root to identify high confidence candidate genes. According to their functional annotation and expression pattern the
most promising candidate genes are potentially involved in cell division or cell elongation. We are currently conducting in-depth
characterization of the biological role of the genes.
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INVESTIGATING THE GENETIC BASIS AND ENVIRONMENTAL PLASTICITY OF LEAF SHAPE VARIATION IN
ARABIDOPSIS

Joseph Vaughan* (University of York, United Kingdom), Richard Waites (University of York, United Kingdom)
jv506@york.ac.uk
Naturally occurring Arabidopsis accessions exhibit a variety of leaf shapes. Use of computational approaches allows this
variation to be captured and analysed. We aim to understand the genetic and environmental basis of leaf shape variation, using
mapping populations and common garden experiments. Here, leaf shape is recorded using equally spaced landmarks around
the margin of the leaf. These landmarks are Procrustes fitted to separate shape and size. Principal Component (PC) analysis
defines correlated variation in these landmarks as PCs. Each leaf can be scored for each PC, and the score used as a
phenotypic trait. Recombinant inbred line populations will be used to detect the loci responsible for variation in leaf shape. We
are developing a new population between two accessions with significantly different leaf shape, so that the loci responsible for
these shape differences can be identified. The MAGIC population, created from 19 founder accessions, will also be used. The
MAGIC population encompasses wide genetic diversity due to its larger number of founders and has previously been genotyped
using 1260 SNPs. Genes expressed early in the development of a leaf may be responsible for final leaf shape, and may
therefore underlie detected QTLs. To understand how leaf shape changes in response to environmental variation, 10 early
flowering accessions will be grown at points throughout the year to record changes in leaf shape observed in different seasons.
The plastic response of leaf shape to factors such as rainfall and temperature can then be understood.
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PLEIOTROPY AND CRYPTIC GENETIC VARIATION GOVERN THE PHENOTYPIC SPACE IN ARABIDOPSIS
RESPONSE TO WATER DEFICIT

Denis Vile* (INRA-SUPAGRO, France), Sébastien Tisné (INRA, France), François Vasseur (INRA-SUPAGRO, France),
Christine Granier (INRA-SUPAGRO, France)
denis.vile@supagro.inra.fr
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Pleiotropic genes have been identified to control simultaneously different processes involved in key functions such as plant
growth and reproduction. The impact of mutations in these genes on plant response to selection in natural populations is
unknown. We developed a modeling approach to uncover the variation of whole leaf development of A. thaliana, a fitness
related trait. Rosette development was analyzed at different levels of organization combining different processes such as
flowering, cellular proliferation and expansion. In such a complex system, the genetic determinisms occurring at each level can
lead to cryptic genetic variation, i.e. standing genetic variation which is not observed when looking at the integrated complex
trait. This results in a neutral phenotypic space in the absence of genetic or environmental perturbation. Mutations of pleiotropic
genes are suspected to sensitize such multi-level systems to produce new phenotypes, out of the neutral phenotypic space, in
interaction with standing cryptic genetic variation. The ERECTA gene has marked effects on development and physiology, and
on plasticity due to its interactive effects with the environment and other genes. We analyzed the effects of the mutation found at
ERECTA in the Landsberg erecta (Ler) accession in two populations of recombinant inbred lines, Ler x Cvi and Ler x An-1.
Plant growth, phenology and leaf anatomy were analyzed under well-watered and water deficit conditions. In the joint
population, Erecta has common effects on cell patterning. However, differential trade-off effects of ERECTA on whole rosette
development were found in each population induced by genotype-dependent epistatic interactions, revealing cryptic genetic
variation at different levels. In response to water deficit, ERECTA affects the coordinated response of rosette development, in
interaction with other QTL, depending on the population in which the mutation segregates.
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TRANSPOSON VARIATION AND ITS EFFECTS ON GENE EXPRESSION IN ARABIDOPSIS THALIANA

Xi Wang* (Max Planck Institute for Developmental Biology, Germany), Detlef Weigel (Max Planck Institute for Developmental
Biology, Germany), Lisa M. Smith (Max Planck Institute for Developmental Biology, Germany)
xi.wang@tuebingen.mpg.de
Transposable elements (TEs) make up the majority of many plant genomes. Their transcription and transposition is controlled
through siRNAs and epigenetic marks including DNA methylation. To examine the interplay of siRNA targeting and TE
evolution, and how TE differences affect nearby gene expression, we investigated genome-wide differences in TEs, siRNAs and
gene expression among three Arabidopsis thaliana accessions. Both polymorphism levels and TE presence contribute to
intraspecific variation in gene expression. We find that the expression of genes within 2 kb of conserved TEs is more stable than
that of genes next to variable TEs. Polymorphism levels of TEs and adjacent genes are positively correlated, when TEs are less
than 2 kb away. We also investigated the distribution of 24 nt long siRNAs, which are known to mediate TE repression. TEs
targeted by uniquely mapping siRNAs are on average farther from coding genes, apparently because they more strongly
suppress expression of adjacent genes. Furthermore, siRNAs, and especially uniquely mapping siRNAs, are enriched in TE
regions missing in other accessions. Thus, targeting by uniquely mapping siRNAs appears to promote sequence deletions in
TEs. Overall, our work indicates that siRNA targeting of TEs may influence the location of deletions and hence evolution of gene
expression and plant genomes.
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USING HIGH-THROUGHPUT PHENOTYPING PLATFORMS TO IDENTIFY AND CHARACTERIZE GENES
CONTROLLING VEGETATIVE BIOMASS ACCUMULATION IN ARABIDOPSIS THALIANA

Kathleen Weigelt-Fischer* (Leibniz-Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany), Rhonda C.
Meyer (Leibniz-Institute of Plant Genetics and Crop Plant Research, Gatersleben, Germany), Monique Seyfarth (LeibnizInstitute of Plant Genetics and Crop Plant Research, Gatersleben, Germany), Thomas Altmann (Leibniz-Institute of Plant
Genetics and Crop Plant Research, Gatersleben, Germany)
weigelt@ipk-gatersleben.de
Variation of growth and metabolic traits were used to identify and characterize at the molecular level loci underlying growth
differences in Arabidopsis recombinant inbred line (RIL) and introgression line (IL) populations derived from accessions Col-0
and C24. The data were subjected to correlation and quantitative trait loci (QTL) analyses and seven QTL for biomass and 157
metabolic QTL for 84 metabolites could be identified (Lisec et al., TPJ 53, 2008). For the validation and further fine-mapping of
the biomass QTL regions, over 360 Arabidopsis accessions and several heterogenous inbred families (HIFs) were genotyped
with single nucleotide polymorphism (SNP) markers and analysed for plant growth rate and leaf area at different developmental
time points with the semi-automated phenotyping system GROWSCREEN (Walter et al., New Phytol 174, 2007). Using the
recorded genotype and phenotype data in a combined strategy of fine-mapping and association mapping of the Arabidopsis
lines a biomass heterosis QTL region on bottom of chromosome 1 could be reduced to 420 kb and 120 annotated genes, and a
biomass QTL region at the top of chromosome 3 to 500 kb and 112 annotated genes. For further effective QTL and association
studies, precise and high-throughput phenotyping of a large set of plants is required. Phenotypes with clear differences in
growth related parameters will be explored in one of the three fully automatic high-throughput plant growth and phenotyping
platforms developed by LemnaTec. The phenotyping platforms allow growth under controlled conditions and non-destructive
screening of up to 4600 Arabidopsis, 312 barley and 1584 maize plants. Each plant is located in a carrier on a band conveyor
and transported to the photo chamber, where they are automatically imaged, weighed and watered. The non-invasive image
acquisition is carried out with visible, near-infrared, ultra-violet and infrared light and allows the evaluation of plant size, water
content, chlorophyll content, and plant temperature.
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EXPRESSION LEVEL OF GS5 QUANTITATIVELY REGULATES GRAIN SIZE

Chunjue Xu* (Huazhong Agricultural University, China), Yibo Li (Huazhong Agricultural University, China), Yu Liu (Huazhong
Agricultural University, China), Qifa Zhang (Huazhong Agricultural University, China)
xcjcat@yahoo.com.cn
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GS5 in rice is a positive regulator of grain size. It has been proposed that polymorphisms in the promoter region may be the
cause of the GS5 effect on grain width. Since the polymorphisms in coding sequence result in substitutions of three amino acids
and an in-frame increase of two amino acids in the predicted signal peptide of the wide-grain variety Zhenshan 97, it is
necessary to exam whether the coding variations affect protein subcelluar localization and function. We first compare the
subcelluar localization of GS5 from H94 (narrow grain) and ZS97 in BY-2 protoplast and transgenic plants harboring 35S-GS5H94
ZS97
GFP, and the results indicated that GS5
and GS5
share the same localization, probably secreted from Endoplasmic
reticulum to the cell surface. Increased expression of cDNA from both H94 and ZS97 show an increase in grain width, and the
increase in grain width is correlated with the expression level of GS5, indicating that grain size differences are not attributable to
coding variation. GS5 exhibits a broad expression pattern according to whole-genome microarray data covering the entire
lifecycle of the rice plant, and the expression level of wide-grain variety is not always higher than the narrow-grain variety,
sometimes even lower, implying that the expression of GS5 is probably regulated by at least two different factors. In order to
identify the nucleotides responsible for up-regulation of GS5 in panicle, a series of truncated and site-directed mutated promoter
fragments of GS5 from H94 and ZS97 are fused to GUS and used for transformation. GUS assays of transgenic plants suggest
that the polymorphisms between -1400bp and -500bp which involve a gibberellin-responsive element, two MeJA-responsive
elements and several light responsive elements are important for transcriptional regulation of GS5.
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HD2B, A PLANT-SPECIFIC HD2 HISTONE DEACETYLASE, PLAYS A ROLE IN NATURAL VARIATION FOR SEED
DORMANCY IN ARABIDOPSIS

Ryoichi Yano* (RIKEN Plant Science Center, Japan), Yuji Kamiya (RIKEN Plant Science Center, Japan), Mitsunori Seo (RIKEN
Plant Science Center, Japan)
ryano@psc.riken.jp
Seed dormancy is thought to be an important adaptation trait of plants that enables seed germination at proper timing. In
Arabidopsis, it is widely known that naturally occurring genetic variation is associated with phenotypic variation in seed
dormancy among wild-type accessions (ecotypes). In this study, we tried to identify genes involved in natural variation for seed
dormancy through a combined approach of genome-wide association (GWA) mapping, gene expression analysis, and
transgenic analysis. Firstly, GWA mapping using 113 accessions, most of which are originated from European land, identified
single nucleotide polymorphisms (SNPs) within a plant-specific HD2 histone deacetylase gene, HD2B (At5g22650), as genetic
variants that possibly explain the variation in seed dormancy. Interestingly, gene expression analysis indicated that expression
of HD2B is regulated by cold and after-ripening, treatments known to reduce seed dormancy, in dormant Cvi-0 accession. In
addition, the expression levels of HD2B after seed imbibition showed positive correlation with germination frequencies among
2
106 accessions (R = 0.4). It should be noted that HD2B expression was suppressed after imbibition in most of the dormant
accessions, suggesting that suppression of HD2B expression might be important for maintenance of seed dormancy. Similar
expression patterns were also observed for HD2A and HD2D, implying the overlapping function among the HD2 histone
deacetylase genes. In agreement with these results, a 2.5-kb HD2B genomic DNA fragment cloned from non-dormant Col-0
accession was sufficient to reduce seed dormancy and increase HD2B expression levels in dormant Cvi-0 accession in the
presence of cold imbibition. Furthermore, histone deacetylase inhibitors, trichostatin A or PXD101, effectively inhibited seed
dormancy release by cold treatment in Cvi-0. These results suggested that HD2B plays a role in natural variation for seed
dormancy in Arabidopsis.

406

GENOME-WIDE ASSOCIATION MAPPING STUDY OF LIGHT- AND SUCROSE-INDUCED ANTHOCYANIN
ACCUMULATION IN ARABIDOPSIS THALIANA

Xu Yu* (University of Cologne; Max Planck Institute for Plant Breeding Research, Germany), Ute Höcker (University of Cologne,
Germany)
yuxu@mpipz.mpg.de
Light regulates multiple aspects of growth and development in plants including anthocyanin accumulation. Sucrose is an
effective inducer for anthocyanin biosynthesis in Arabidopsis seedlings. Although Production of Anthocyanin Pigment 1 (PAP1)
was found as a QTL responsible for sucrose-induced anthocyanin accumulation, there remain many unknown loci and alleles
responsible for phenotypic variation among accessions. First, we apply genome-wide association (GWA) mapping approaches
to study the natural genetic variation in light- and sucrose-induced anthocyanin accumulation with the help of 1001 genomes
project for Arabidopsis thaliana. Second, we analyze the molecular mechanism of the co-action of light and sucrose in
regulating anthocyanin production. We found that sucrose and light act synergistically to increase transcript levels of PAP1 and
Production of Anthocyanin Pigment 2 (PAP2). Furthermore, sucrose enhances HY5 promoter activity in a light-depended
manner. These studies aim to elucidate how light and sucrose co-act to increase the anthocyanin production in Arabidopsis.
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MEIOTIC RECOMBINATION RATES IN DIPLOID AND POLYPLOID ARABIDOPSIS ECOTYPES

Marie-Luise Zielinski* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Ales Pecinka (Max Planck Institute for Plant
Breeding Research, Germany), Ortrun Mittelsten Scheid (Gregor Mendel Institute of Molecular Plant Biology, Austria)
marie.zielinski@gmi.oeaw.ac.at
Genetic diversity in gametes is formed through crossover and independent chromosome sorting during meiosis. Both processes
are connected, since correct assortment of homologous chromosomes and their equal distribution in the first meiotic division
depends on at least one crossover per chromosome. Surprisingly, the rates of meiotic recombination between two markers were
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significantly higher in tetraploids compared to diploids. The equally increased meiotic recombination frequency (MRF) in
multivalent-forming autotetraploids and allotetraploids with exclusive bivalent pairing excludes multiple pairing as a primary
trigger for higher recombination rates. To elucidate factors that could influence MRF, 26 different diploid Arabidopsis ecotypes
were crossed with Arabidopsis ecotype Columbia (Col-0) which contained two genetically linked transgenes providing seedspecific fluorescence. The 26 Arabidopsis ecotypes were selected based upon distinct genetic diversity to Col-0 and distribution
of their geographic origin. To facilitate and improve the analysis, we set up a sensitive high throughput system to quantify seed
numbers based on their fluorescence. The comparison between two different genomic regions allows distinguishing between
genome-wide and region-specificity MRF behavior, as well as ecotype-specificity. We compared a high number of seeds
obtained by selfing and upon reciprocal backcrosses in diploid, auto-, and allotetraploid Arabidopsis.
Posters: Genetics and Genomics Beyond A. thaliana
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SELAGINELLA GENOME ANALYSIS – ENTERING THE ‘HOMOPLASY HEAVEN’ OF THE MADS WORLD

Neil Ashton* (University of Regina, Canada), Lydia Gramzow (Friedrich Schiller University Jena, Germany), Elizabeth Barker
(University of Regina, Canada), Christian Schulz (Ruhr‐University Bochum, Germany), Barbara Ambrose (The New York
Botanical Garden, USA), Günter Theißen (Friedrich Schiller University Jena, Germany), Amy Litt (The New York Botanical
Garden, USA)
nwashton@gmail.com
Families of transcription factors evolved to regulate the morphogenesis of eukaryotes. In flowering plants, arguably the most
significant of these are MADS-domain proteins, encoded by Type I and Type II MADS-box genes. Type II genes are subdivided
C
into the MIKC and MIKC* groups. In angiosperms, these types and groups play distinct roles in development of female
C
gametophytes, embryos and seeds (Type I); vegetative and floral tissues in sporophytes (MIKC ); and male gametophytes
(MIKC*) but their functions in other plants are unknown. The complete set of MADS-box genes has been described for several
angiosperms and a moss, Physcomitrella patens. Our examination of the complete genome sequence of a lycophyte,
C
*
Selaginella moellendorffii, revealed 19 putative MADS-box genes (13 Type I, 3 MIKC - and 3 MIKC -group genes). None of the
C
Selaginella MIKC -group genes could be identified as orthologs of any floral organ identity genes. This strongly corroborates the
view that the clades of floral organ identity genes originated in a common ancestor of seed plants after the lineage that led to
C
lycophytes had branched off, and that expansion of MIKC -group genes in the lineage leading to seed plants facilitated the
evolution of their unique reproductive organs. Selaginella and angiosperms possess noticeably fewer MIKC*-group genes than
Physcomitrella, which is correlated with reduction of the gametophyte in vascular plants. Despite the relatively high number of
Type I genes in the lycophyte and seed plants, our data indicate that these genes duplicated and diversified independently
within the two sister lineages of vascular plants. Thus, our observations on MADS-box gene evolution echo morphological
evolution since the two lineages of vascular plants appear to have arrived independently at similar body plans. Our annotation of
MADS-box genes in Selaginella provides the basis for functional studies to reveal the roles of this crucial gene family in basal
vascular plants.
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SYNTHETIC BIOLOGY WITH A RETROTRANSPOSON – TRANSPOSITION MECHANISM AND TRANSPOSON
TAGGING

Andreas Bachmair* (Max F. Perutz Laboratories/Center for Molecular Biology, Univ. of Vienna, Austria), Andrea Tramontano
(Max F. Perutz Laboratories/Center for Molecular Biology, Univ. of Vienna, Austria), Gudrun Böhmdorfer (Max F. Perutz
Laboratories/Center for Molecular Biology, Univ. of Vienna, Austria), Eneda Xhikaj (Max F. Perutz Laboratories/Center for
Molecular Biology, Univ. of Vienna, Austria)
andreas.bachmair@univie.ac.at
Retrotransposons are ancient components of eukaryotic genomes. They can multiply more often than their host genome by
conversion of element mRNA into a DNA copy, and by insertion of the new copy into host DNA by element-encoded enzymes.
However, transposition is rare for plant retroelements, and usually linked to stress conditions. We are using a synthetic biology
approach to analyze and improve the life cycle of tobacco retrotransposon Tto1 in the model plant Arabidopsis thaliana. Under
control of a chemically inducible promoter, we can trigger transposition in whole plants, by-passing the requirement for tissue
culture stress as an activation condition (Böhmdorfer et al., 2010, Syst Synth Biol 4, 133-138). We are analyzing cis and trans
acting sequences for their role in the retrotransposon life cycle, and use these insights to improve transposition efficiency. For
instance, we investigated the consequence of deletions in the 3´ long terminal repeat on the formation of reverse transcripts
(Tramontano et al., 2011, Virology 412, 75-82). Currently, we are comparing different natural variants of Tto1 for their
transposition efficiency, to relate natural variation with transposition competence. In the future, the element shall be adapted for
expression in other plant species, to explore its potential for gene tagging in those plants where methods of genetic
manipulation are not as well developed as in Arabidopsis.

410

MANNOSE SIGNALING IN ARABIDOPSIS THALIANA

Juliana Cristina Baptista* (State University of Campinas, Brazil), Cleverson Carlos Matiolli (State University of Campinas,
Brazil), Renato Vicentini (State University of Campinas, Brazil), Jean-Pierre Renou (URGV-INRA, France), Sandra Pelletier
(URGV-INRA, France), Michel Vincentz (State University of Campinas, Brazil)
juliana.baptista@cbmeg.unicamp.br
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Sugar signaling in angiosperms is essential for maintaining energetic homeostasis which in turn is required for optimal growth
and development. Mannose, a hexose structurally similar to glucose and is the precursor of vitamin C and also required for cell
wall assembly and glycosylation of proteins, may have specific signaling properties in Arabidopsis thaliana. To further
investigate the potential of mannose being a signaling molecule, we analyzed RNA profile changes in response to mannose
using CATMA DNA microarray technology (http://www.catma.org). We identified 45 genes specifically or preferably regulated by
mannose. We show that fructose or glucose could not replace mannose and that mannose-mediated regulation is independent
of the glucose sensor HXK1. We also verified that mannose-induced regulations were most likely not due to an indirect effect of
ATP depletion or any energetic stress. The 45 genes were classified according to three criteria Gene Ontology and a 5.5 fold
enrichment for genes in response to stress, 4.5 times for genes involved in the response to stimuli abiotic and biotic, 3 times for
proteins with hydrolase activity and transport activity and genes with extracellular location, as well as a 2-fold enrichment for
genes located in the plastid, cell wall and chloroplast were identified. Together, the data described so far provide a correlation
between mannose, ethylene, pathogen response, ABA, brassinosteroids, stresses (i.e., osmotic, saline, drought, heat). The
results obtained strongly suggest the existence of signaling pathway dedicated to mannose.
411

TRANSCRIPTOME SEQUENCING AND COMPARATIVE ANALYSIS OF THE PORPHYRA SERIATA UNDER
ABIOTIC STRESS CONDITION
*

Dong-Woog Choi (Chonnam National University, Korea), San Choi (Chonnam National University, Korea), Mi Sook
Hwang(Seaweed Research Institute, NFRDI, Korea)
dwchoi63@chonnam.ac.kr
The Porphyra seriata, marine red alga, grows in intertidal rocks, which undergo dynamic environmental changes including
temperature, desiccation and light intensity. Therefore, Porphyra have developed a variety of mechanisms to survive under
those environmental stresses. In an effort to identify the genes involved in abiotic stress tolerance of P. seriata, 359,394
sequence reads were generated from gametophyte thalli under normal growth conditions and 374,663, 151,278 and 374,619
reads were generated from high temperature, dry and freezing stress conditions using Roche-FLX 454 sequencing technology.
Blast comparison of the assembled contigs to Genbank nr database shows that about 77% contigs have no significant
sequence homology with known genes. A comparison of the transcriptomes enabled us to identify the transcripts that were upor down-regulated by high temperature, dry or freezing stress, respectively. Many transcripts that were response to the high
temperature, dry or freezing were novel genes that were not matched to known genes in current public databases. These
transcriptome sequences will provide valuable information to develop the DNA marker and understand the molecular
mechanisms of abiotic stress tolerance in Porphyra.

412

EVOLUTION OF THE LAND PLANT EXOCYST COMPLEX

Fatima Cvrckova* (Charles University in Prague, Czechia), Radek Bezvoda (Charles University in Prague, Czechia), Michal
Grunt (Charles University in Prague, Czechia), Michal Hala (Charles University in Prague, Czechia and Institute of Experimental
Botany ASCR, Czechia), Ivan Kulich (Charles University in Prague, Czechia), Anamika Ashok Rawat (Charles University in
Prague, Czechia), Viktor Zarsky (Charles University in Prague, Czechia and Institute of Experimental Botany ASCR, Czechia)
fatima@natur.cuni.cz
Exocyst is an evolutionarily conserved heterooligomeric protein complex consisting of eight subunits (Sec3, Sec5, Sec6, Sec8,
Sec10, Sec15, Exo70 and Exo84) and functioning mainly in the last step of exocytosis – i.e. fusion of trans-Golgi networkderived vesicles with the plasmalemma. We present results of a bioinformatic and phylogenetic analysis of exocyst subunits
encoded by completely or near-completely sequenced genomes representing a variety of land plant lineages (Arabidopsis
thaliana, A. lyrata, Populus trichocarpa, Vitis vinifera, Solanum sp., Oryza sativa, Sorghum bicolor, Brachypodium distachyon,
Selaginella moelendorffii and Physcomitrella patens). Our results suggest that plant Exocyst subunits can be, according to their
evolution histories, divided into several groups. The subunits Sec6 and Sec8, previously proposed to form an evolutionarily
ancient core of the complex, together with Sec3, Sec5 and Sec10, underwent few, if any fixed duplications. At least some of the
(rare) duplications may represent traces of polyploidization events. Duplicated genes, as a rule, exhibit only limited divergence,
possibly due to selection for complex formation. Other subunits form larger families, with the number of paralogs ranging
typically from two to eight per genome (Sec15, Exo84) to several dozens per genome (Exo70). Most of the diversity, which can
be in several cases traced down to the origins of land plants, can be attributed to the peripheral subunits Exo84 and, in
particular, Exo70. Some instances of domain rearrangements, producing possible new functions, have been also observed in
several subunits. Our results imply that plants may generate a diversity of exocyst variants, to some extent species-specific,
which is unparalleled among other organisms studied so far. This feature might perhaps be directly related to the demands of
building and maintenance of the complicated and spatially diverse structures of plant endomembranes and cell surfaces.

413

ROLE OF LRR-RLKS IN STRESS RESPONSE AND DEVELOPMENTAL PROCESSES THROUGH SYSTEMATIC K.O.
ANALYSIS IN RICE

Anne Diévart* (CIRAD, UMR AGAP, France), Judith Hirsch (INRA, UMR BGPI, France), Nadège Lanau (CIRAD, UMR AGAP,
France), Florence Artus (CIRAD, UMR AGAP, France), Serge Pereira (INRA, UMR BGPI, France), Jean-Benoit Morel (INRA,
UMR BGPI, France), Christophe Perin (CIRAD, UMR AGAP, France), Emmanuel Guiderdoni (CIRAD, UMR AGAP, France)
anne.dievart@cirad.fr
Plants are constantly exposed to a variety of abiotic (e.g. drought and salinity due to worldwide water crisis) and biotic (e.g.
pathogen attacks) stresses which reduce plant yield. At the molecular level, the perception of extracellular stimuli and the
subsequent activation of defense responses require a complex interplay of signaling cascades, in which protein phosphorylation
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plays a central role. Several studies, mainly pursued in the Arabidopsis thaliana dicotyledon model plant, have shown that some
members of one subfamily of receptor-like kinases, the Leucine-Rich Repeats Receptor-Like kinases (LRR-RLKs), are involved
in stress and developmental pathways. The studies which have been carried out in rice so far confirm that these receptors are
good candidate genes to identify novel players for biotic and abiotic stress tolerance. The overall goal of our project is to
systematically analyze the role of the LRR-RLKs family in the monocotyledon model plant Oryza sativa by mutant analysis. The
systematic analysis of 115 insertion lines (36% of the 320 LRR-RLK genes) has been performed under control conditions,
various stresses and at several stages of growth, from seedlings in Petri dishes to flowering and grain development stages in
the greenhouse. Several mutant lines present phenotypes: under stresses (17 lines) and in control conditions at seedling (19
lines) and adult stages (7 lines).

414

IDENTIFICATION AND CHARACTERIZATION OF A BRASSICA RAPA GIGANTEA GENE

Jin A Kim* (Department of Agricultural Bio-resources, National Academy of Agricultural Science, Rural Development
Administration Republic of Korea), Woe Yeon Kim (Gyeongsang National University, 6-621, Division of Applied Life Science,
Republic of Korea), Joon Ki Hong (Department of Agricultural Bio-resources, National Academy of Agricultural Science, Rural
Development Administration Republic of Korea), Yeon-Hee Lee (Department of Agricultural Bio-resources, National Academy of
Agricultural Science, Rural Development Administration Republic of Korea), Soo In Lee (Department of Agricultural Bioresources, National Academy of Agricultural Science, Rural Development Administration Republic of Korea), Jung Sun Kim
(Department of Agricultural Bio-resources, National Academy of Agricultural Science, Rural Development Administration
Republic of Korea), Su Gil Choi (Department of Agricultural Bio-resources, National Academy of Agricultural Science, Rural
Development Administration Republic of Korea)
jakim72@korea.kr
The GIGANTEA (GI) gene is one of the central regulators that direct flowering promotion and phase transition. Flowering is one
of the most important development traits for the production of Chinese cabbage(Brassica rapa). After planting, sudden low
temperature triggers premature flowering leading to a reduction in the yield and quality of harvested production. Therefore,
understanding the mechanism of flowering control is important in agronomic practice in preventing Chinese cabbage from
flowering prematurely. We isolated the GI gene in Brassica rapa using in silico method and transformed into Arabidopsis
thaliana L.(Columbia ecotypes) to confirm the expression. Also, RNAi vectors which contained each 10 fragment from the
coding region and 3`-UTR were constructed and transformed into Arabidopsis thaliana L. These suppression lines showed
down regulation of GI and various flowering related genes. The analysis of mRNA expression and phenotypes revealed the
domains which showed strong suppression effects on GI expressions. Our data indicate that the role of the GI gene in flowering
induction is conserved in Arabidopsis and Brassica.

415

UCE-LIKE NON-GENIC SEQUENCES IN PLANT GENOMES: NOVEL FUNCTIONAL ELEMENTS HIDDEN IN THE
GENOME?

Konstantinos Kritsas* (University of Zurich, Switzerland), Samuel E. Wuest (University of Zurich, Switzerland), Daniel Hupalo
(Dartmouth College, USA), Andrew D. Kern (The State University of New Jersey, USA), Thomas Wicker (University of Zurich,
Switzerland), Ueli Grossniklaus (University of Zurich, Switzerland)
K_Kritsas@access.uzh.ch
Ultraconserved elements (UCEs), DNA sequences that are 100% identical between reference genomes, are enigmatic features
whose function is not well understood. They were first identified through comparisons between the human, mouse, and rat
genomes. UCEs are under strong purifying selection and a number of biological functions have been proposed for them,
including gene regulation, RNA processing, and maintaining genome integrity. However, all of these functions can tolerate some
sequence divergence and, thus, their ultraconservation cannot be fully explained. In our study, we sought to identify highly
conserved non-genic elements shared among plant genomes. We used the Arabidopsis thaliana genome as an anchor for
BLASTN searches against the Vitis vinifera (grape) genome. Arabidopsis and Vitis have diverged from a common ancestor
~115 Mya, allowing significant changes at the DNA sequence to occur. We identified 36 highly conserved elements with at least
85% similarity and are longer than 55 bp. These sequences are not part of mitochondrial or chloroplast DNA, or of repeats and
transposons, nor do they represent ncRNAs. Because these sequences share common properties with mammalian UCEs, we
named them UCE-like elements (ULEs). Like UCEs, ULEs are under strong purifying selection suggesting that they have
functional properties. ULEs, like UCEs, show distinct features: (i) a sharp drop of the A+T content just at their borders, and (ii)
depletion from segmental duplications, indicating that evolutionary forces restrict them into a single copy. ULEs are enriched
next to genes involved in development that show preferential expression in undifferentiated cells. Additionally, after comparing
the genomes of Brachypodium distachyon and Oryza sativa (rice), a different set of ULEs was identified with similar properties.
Currently, the transmission of Arabidopsis chromosomes carrying extra copies of ULEs is investigated, the results of which will
be presented.

416

IN SILICO DEVELOPMENT OF INTRON BASED POLYMORPHIC (IBP) MARKERS FOR RADISH (RAPHANUS
SATIVUS L.) BY ARABIDOPSIS-BRASSICA COMPARATIVE ANALYSIS

Soo-Jin Kwon* (National Academy of Agricultural Science, Republic of Korea), Young-Joo Seol (National Academy of
Agricultural Science, Republic of Korea), Mina Jin (National Academy of Agricultural Science, Republic of Korea), Beom-Seok
Park (National Academy of Agricultural Science, Republic of Korea), Sung-Han Sohn (National Academy of Agricultural
Science, Republic of Korea) and Jang-Ho Hahn (National Academy of Agricultural Science, Republic of Korea)
sjkwon67@korea.kr
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Brassicaceae are a family of vegetables widely dispersed in the world. Many genera of Brassicaeae are economically important
such as Brassica rapa (turnip, Chinese cabbage, etc), Brassica oleracea (cabbage, broccoli, etc), Brassica napus (rapeseed,
etc), Sinapis (mustard), Raphanus (radish) and many others. Radish, Raphanus sativus, suggested that was derived from
hybridization between rapa/oleracea and the nigra evolution linage. In this study, radish intron based polymorphic (IBP) markers
have been developed from expressed sequence tags (ESTs) of R. sativus by comparison with Arabidopsis-Brassica genome
data. Also, SSR and IBP primer pairs for Chinese cabbage were applied to radish for genetic map construction of R. sativus.
Their primer pairs were able to produce clear amplifications, which may give polymorphic loci between parent cultivars of
Korean radish mapping population. The molecular markers for genetic map would provide valuable information for radish
breeding and analyzing relationship in Brassicaceae genomes.

417

PHYLOGENETIC ANALYSIS AND GENE FUNCTIONAL PREDICTION OF GDSL ESTERASE/LIPASESE FAMILY
GENES IN ARABIDOPSIS

Chia-Ping Lai* (Far East University, Taiwan), Li-Min Huang (National Cheng Kung University, Taiwan), Jei-Fu Shaw (ABRC of
Academia Sinica, Taiwan)
glbhouse@yahoo.com.tw
GDSL esterases/lipases are a newly discovered subclass of lipolytic enzymes with multifunctional properties, such as broad
substrate specificity, regiospecificity, and stereoselectivity. They have potential uses in the hydrolysis and synthesis of important
ester compounds of interest in the pharmaceutical, food, biochemical, and biological fields. In this study, an extensive
bioinformatics analysis identified 105 putative GDSL esterase/lipasese genes from Arabidopsis. A reverse-genetic approach
and gene expression analysis were performed to predict the possible biological functions of the AtGLP genes. A comparison of
the genomic loci with their corresponding cDNA sequences reveals that 64 of the predicted gene models are supported by fulllength cDNA. However, a comparison of the TAIR annotations of AT1g20130, AT1g28610, AT1g75910, and AT3G53100 with
available full-length cDNA show that predicted cDNA of these genes are not correct. The expression profiles of 89 and 88
AtGLP genes were extracted from available information in the genevestigator and EST databases, respectively. Most GDSL
lipase/esterase genes are found to have a very broad expression spectrum that may be pseudogenes, or expressed at specific
developmental stages or under special conditions. Only five genes (AtGLP5, 29, 54, 57, and 87) were not detected from any
specific tissue. According to EST and genevestigator data, these five genes may be pseudogenes, or expressed at specific
developmental stages or under special conditions. The alignment of the full-length cDNAs in the evolutionary tree analysis
reveals that Arabidopsis GDSL lipase/esterase genes contain four clades. Phylogenetic, protein motif architecture, and
expression profile analyses were performed to predict the possible biological functions of the AtGLP genes. We suggest that
clade I controls plant morphologic development and growth; clade II regulates plant growth, morphologic development, and
susceptibility to abiotic stress; clade III is associated with resistance against biological stress; and clade IV is involved with
secondary metabolism. The present study provides a platform for the selection of candidate genes for further detailed functional
study.

418

FUNCTIONAL STUDY OF GDSL ESTERASE/LIPASESE FAMILY GENES IN ARABIDOPSIS

Chia-Ping Lai* (Far East University, Taiwan), Li-Min Huang (National Cheng Kung University, Taiwan), Jei-Fu Shaw (ABRC of
Academia Sinica, Taiwan)
glbhouse@yahoo.com.tw
The GDSL family of lipolytic enzymes comprises hydrolytic enzymes with multifunctional properties, such as broad substrate
specificity, regiospecificity, and stereoselectivity. These enzymes widely exist in both bacteria and plants; however knowledge
on plant GDSL enzymes is very limited compared with that on bacterial GDSL enzymes. The GDSL esterase/lipases that have
been described so far are mainly involved in the regulation of plant development, morphogenesis, synthesis of secondary
metabolites, and defense response. In our previous study, 105 GDSL-type lipase family genes from Arabidopsis are identified
by a computational analysis of protein consensus motifs. In the current work, the physiological functions of GDSL-type
lipase/esterase family genes in Arabidopsis were predicted by analyses of the phylogenetic tree, gene structure, and expression
pattern. A reverse-genetic approach was performed to identify the biological functions of the AtGLP genes. We searched T-DNA
insertion mutants of putative GDSL esterase/lipasese genes in the SALK database and obtained 199 putative T-DNA insertion
lines. Afterwards, we confirmed the insertion sites and cDNA expression of the putative T-DNA insertion lines. A total of 61 TDNA knockout mutants of the AtGLP genes were successfully screened. The homozygous of knockout mutants were used to
study the physiological roles of the AtGLP genes. The general development and growth phenotypes of most AtGLP genes
knockout plants appear to be similar to those of wild-type plants. However, growth phenotype analysis shows that the T-DNA
mutants of AtGLP33 delays the germination time, suggesting its possible involvement in the process of seed germination.

419

MOLECULAR EVOLUTION OF ARABIDOPSIS SUECICA MATING SYSTEM

Polina Novikova* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Takashi Tsuchimatsu (Gregor Mendel Institute of
Molecular Plant Biology, Austria), Magnus Nordborg (Gregor Mendel Institute of Molecular Plant Biology, Austria)
polina.novikova@gmi.oeaw.ac.at
Arabidopsis suecica is an allotetraploid species originated ~12-300 thousand years ago via polyploidization and hybridization of
the individuals of A. thaliana and A. arenosa. The divergence time of these parental species is ~5 million years, and they differ
in chromosome number, morphology, ecological niche and the mating system. A. arenosa is an obligate outcrosser enforced by
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a self-incompatibility (SI) system, while A. thaliana is self-compatible (SC). We sequenced root tissue from the natural accession
of A. suecica S150. Genome assembly of A. suecica 100 bp Illumina paired-end reads was performed with SOAPdenovo shortread assembler. Using k-mer = 57 we obtained 649,339 contigs with N50 = 940bp, which were assembled to 269,233 scaffolds
with N50 = 30kb. To understand the genetic basis of mating system evolution in A. suecica, we investigated the pattern of
polymorphism of the A. thaliana-derived S-locus of A. suecica, and obtained some preliminary results. With the blast search, we
found a sequence of A. suecica that is nearly identical to the SCR-A gene of Col-0 accession of A. thaliana. This A. thalianaderived SCR-A gene contained the gene-disruptive 213bp-inversion, which was previously shown to be responsible for the
transition from SI to SC in the haplogroup A of A. thaliana. This result suggests that the A. thaliana individual contributed to the
origin of A. suecica was already self-compatible. Further analysis on the S-locus of A. suecica will allow us to understand the
process of mating system evolution in the allotetraploid species.

420

TISSUE SPECIFIC CIS-REGULATORY ELEMENT OF DME PROMOTER

JinSup Park* (Seoul National University, Korea), Hyonhwa Ohr (Seoul National University, Korea), Guen-Tae Park (Seoul
National University, Korea), Robert L. Fischer (University of California at Berkeley, USA), Yeonhee Choi (Seoul National
University, Korea)
saga2000@snu.ac.kr
In Arabidopsis, DME DNA glycosylase is expressed in the central cell of the female gametophyte, and activates maternal allele
of MEDEA gene through demethylation process. DME is also expressed in vegetative tissues including cells flanking the root
and shoot apical meristem region. However, neither DME regulatory mechanism nor its role in vegetative tissues is known so
far. To investigate cis-acting regulatory elements in the 5' flanking region of DME, we generated the constructs including
sequentially deleted promoter region fused to GUS. Untill the promoter was deleted to -39bp region, GUS expression pattern
was not changed both in vegetative and reproductive tissues. When we deleted whole known promoter sequence, GUS signal
was not detected in vegetative region but in the central cell of ovule. This signal was greatly reduced in +350bp DME:GUS
transgenic plants. and disappeared in +427 DME:GUS plants. This region(-135 to +615) was divided into 5 fragments and
ligated with minimal CaMV 35S promoter fused to GUS. The expression analysis is now on going. When we narrow down the
proper cis-element, we will do yeast one-hybrid to get regulator of DME.

421

FREQUENT AND REPEATED RECOVERY OF EMS-INDUCED SUPPRESSOR MUTATIONS IN THE DMS4 MUTANT

Taku Sasaki* (GMI, Austria), Ulf Naumann (GMI, Austria), Petar Forai (GMI, Austria), Antonius J.M. Matzke (GMI, Austria),
Marjori Matzke (GMI, Austria)
taku.sasaki@gmi.oeaw.ac.at
The dms4 (defective in meristem silencing 4) mutant of Arabidopsis thaliana is unique in having defects in both RNA-directed
DNA methylation (RdDM) and plant development. DMS4 is an evolutionarily conserved, putative transcription factor of the Iwr1
(interacts with RNA polymerase II) type. DMS4 interacts with Pol II and also with RNA polymerases IV and V, which function in
RdDM. Interactions with multiple polymerases may account for the diverse phenotypic effects of dms4 mutations. To dissect
further the roles of DMS4 in RdDM and development, we performed a genetic suppressor screen using the dms4-1 allele, which
contains in the sixth intron a splice site acceptor mutation that alters splicing and destroys the open reading frame. Following
mutagenesis of dms4-1 seeds using ethyl methanesulfonate (EMS), we retrieved four dominant intragenic suppressor mutations
that restored DMS4 function and wild-type phenotypes. Three of the four intragenic suppressor mutations created new splice
site acceptors, which resulted in reestablishment of the wild-type open reading frame. Remarkably, the intragenic suppressor
mutations were recovered at frequencies ~500 times higher than expected for standard EMS mutagenesis in Arabidopsis.
Whole genome sequencing did not reveal an elevated mutation frequency genome-wide indicating that the apparent
hypermutation was confined to specific sites in the dms4 gene. The localized high mutation frequency correlated with restoration
of DMS4 function implies an efficient mechanism for targeted mutagenesis and/or selection of more fit revertant cells in the
shoot apical meristem, thereby rapidly restoring a wild-type phenotype that is transmitted to future generations.

422

MUTATION IDENTIFICATION IN THE ABSENCE OF A REFERENCE SEQUENCE AND GENETIC MAP

Korbinian Schneeberger* (Max Planck Institute for Plant Breeding Research, Germany), Karl J.V. Nordström (Max Planck
Institute for Plant Breeding Research, Germany), Maria C. Albani (Max Planck Institute for Plant Breeding Research, Germany),
Geo Velikkakam James (Max Planck Institute for Plant Breeding Research, Germany), Benjamin Hartwig (Max Planck Institute
for Plant Breeding Research, Germany), Franziska Turck (Max Planck Institute for Plant Breeding Research, Germany), George
Coupland (Max Planck Institute for Plant Breeding Research, Germany)
schneeberger@mpipz.mpg.de
Mapping-by-sequencing, the combination of whole-genome sequencing and genetic mapping has revived the powerful concept
of forward genetic screens in plants by reducing the time span from mutant isolation to mutation identification to a few days.
However, the largest limitation of mapping-by-sequencing might be its dependence on resequencing, a method for wholegenome reconstruction based reference sequences. Therefore, it can exclusively be applied to model species, for which
reference sequences are available. We introduce a novel whole-genome comparison method, geared for an accurate prediction
of all differences between two highly related genomes based on whole-genome sequencing data alone. Unambiguous
identification of causal mutations, however, is hampered by the vast amount of mutagen-induced changes as they are typically
introduced by chemical mutagens like EMS. One way to reduce the high load of mutations is backcrossing to the wild-type,
followed by sequencing of bulked genomes of F2 individuals. We applied our method to segregating populations of two mutants
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of the non-model species Arabis alpina and to seven previously isolated mutants in a non-reference rice cultivar. In both species
our approach revealed only small sets of mutations that included the causal changes. Another solution to reduce the number of
candidate mutations emerges by direct sequencing of genomes carrying two or more independently generated alleles, followed
by a subsequent search for genes that harbor mutations in the same gene in both mutants. In a proof-of-principle we screened
the M3 genomes of two allelic A. alpina flowering time mutants for commonly affected genes and were able to unambiguously
identify the causal gene. Our method thus enables identification of mutations without the need for segregating populations,
reference sequence and genetic map. This makes forward genetic approaches feasible in all species amenable to mutagen
screens.

423

PATTERN OF MUTATIONS IN THE RECURRENT LOSS OF SELF-INCOMPATIBILITY IN THE BRASSICACEAE

Takashi Tsuchimatsu* (University of Zurich, Switzerland; Gregor Mendel Institute, Austria), Pascal Kaiser (University of Zurich,
Switzerland), Chow-Lih Yew (University of Zurich, Switzerland), Julien B. Bachelier (University of Zurich, Switzerland), Kentaro
K. Shimizu (University of Zurich, Switzerland)
takashi.tsuchimatsu@gmi.oeaw.ac.at
The evolutionary transition from outcrossing to self-fertilization through the loss of self-incompatibility (SI) is one of the most
prevalent events in flowering plants. In the Brassicaceae, the SI system consists of male and female specificity genes at the Slocus, and genes involved in the downstream signaling pathway. During recent decades, much attention has been paid to
clarifying the genes responsible for the loss of SI. Here we investigated the pattern of polymorphism and functionality of the
female specificity gene, the S-locus receptor kinase (SRK), in allotetraploid Arabidopsis kamchatica. While its parental species,
A. lyrata and A. halleri, are reported to be diploid and mainly self-incompatible, A. kamchatica is self-compatible. We identified
five highly diverged SRK haplogroups and surveyed the geographic distribution of SRK at the two homeologous S-loci across
the species range. We found intact full-length SRK sequences in many accessions. Through interspecific crosses with the selfincompatible and diploid congener A. halleri, we found that the female components of the SI system, including SRK and the
female downstream signaling pathway, are still functional in these accessions. This result suggests that the degradation of male
components was responsible for the loss of SI in A. kamchatica. Previously we reported a similar pattern in Arabidopsis
thaliana: a mutation in the male specificity gene was responsible for the loss of SI. Our compilation of recent extensive studies
in multiple Brassicaceae species demonstrate that the loss of SI is often derived from mutations in the male component in wild
populations, in contrast to cultivated populations. This is consistent with theoretical predictions that mutations disabling male
specificity are expected to be more strongly selected than mutations disabling female specificity, or the female downstream
signaling pathway.

424

QUALITY IMPROVEMENTS IN THE ARABIDOPSIS THALIANA T-DNA INSERTION ALLELE COLLECTION GABIKAT

Bernd Weisshaar* (Bielefeld University - CeBiTec, Germany), Gunnar Huep (Bielefeld University - CeBiTec), Nils Kleinboelting
(Bielefeld University - CeBiTec), Prisca Viehoever (Bielefeld University - CeBiTec), Heinz Saedler (MPI for Plant Breeding
Research, Germany)
bernd.weisshaar@uni-bielefeld.de
T-DNA insertion mutant collections are an invaluable tool for reverse genetics in plants. GABI-Kat is the 2nd-largest publicly
available resource for T-DNA insertion lines for Arabidopsis thaliana. The collection is in use since more than 10 years. Demand
for GABI-Kat insertion alleles is still very high, which is documented by the number of seed requests at GABI-Kat itself and at
the European seed stock centre NASC which distributes already confirmed insertion alleles (lines). The collection can be
accessed through the web interface "SimpleSearch" (http://www.gabi-kat.de/db/genehits.php), which displays data describing
which genes have been disrupted. Several improvements have significantly increased the overall quality of the GABI-Kat
collection. The insertion site prediction using flanking sequence tags (FSTs) has been updated to the most recent genome
sequence and annotation dataset (TAIRv10), resulting in the prediction of new insertion alleles. In addition, more than 20,000
new FSTs have been incorporated (see Kleinboelting et al. 2012, NAR 40:D1211). Currently, the collection covers 71.4% of the
27,206 nuclear protein coding genes with predicted insertion alleles. An improved classification of gene hits including hits in
putative promoter regions facilitates the identification of valuable insertions. Also, information about groups of FSTs from
different lines pointing to the same insertion allele that is real only in a single line has been included. To further increase the
confirmation probability, many problematic FST-to-line links have been corrected using new wet-lab data. The SimpleSearch
database has been extended to support more than one BLAST hit for each FST, which is necessary to analyse hits in
paralogous regions of the genome as well as to deduce two (multiple) different insertions from a single FST sequence read. We
would like to remind all users to cite our 2012 NAR paper when using GABI-Kat lines.

425

DEEP SEQUENCING ANALYSIS OF MITOCHONDRIAL DNA OF BRASSICA NAPUS LINES SELECTED FOR LOW
RESPIRATION AND HIGH YIELD

Magdalena Woloszynska* (VIB, Ghent University, Belgium), Tom Verwulgen (VIB, Ghent University, Belgium), Cindy Martens
(VIB, Ghent University, Belgium), Marc De Block (Bayer BioScience N.V., Belgium), Mieke Van Lijsebettens (VIB, Ghent
University, Belgium)
mawol@psb.vib-ugent.be
Plants utilize sophisticated epigenetic regulatory mechanisms to coordinate changes in gene expression and thus, rapidly and
reversibly to respond to the environment. Moreover, one of the most complex quantitative traits in plants, yield, has been
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demonstrated to possess an epigenetic component that correlates with energy. The respiration rate was used as a marker for
recurrent artificial selection in isogenic Brassica napus doubled haploid Simon populations. Selected lines with a low respiration
rate and high activity of mitochondrial complex I had an increased seed production while those with high respiration and low
complex I activity were characterized by a decreased seed yield. All selected lines were found to have identical nuclear
genomes but different epigenetic characteristic. Epigenetic states as well as the agronomic and physiological traits of the lines
were stably transmitted for over eight generations. Since selection was based on mitochondrial parameters, we decided to
sequence mitochondrial genomes of the Simon and selected lines to confirm that they were identical or to identify differences
underlying observed phenotypes. Mitochondrial DNAs were purified from Brassica leaves according to the optimized Percoll
gradient procedure. Paired-end multiplex libraries were sequenced on the Illumina-Seq platform resulting in over 2000 fold
coverage. Obtained sequences were compared to the reference sequence of Brassica napus mitochondrial DNA. SNPs found
by the Illumina sequencing to distinguish between the analyzed lines were additionally validated by Sanger sequencing.
Confirmed SNPs were analyzed with respect to their location in coding or non-coding regions of mtDNA.
Posters: Systems Biology of Development
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MOLECULAR PROFILING OF ARABIDOPSIS LEAF GROWTH

Katja Baerenfaller* (ETH Zurich, Switzerland) & the AGRON-OMICS consortium
kbaerenfaller@ethz.ch
The development of a young leaf still engaged in cell division into a fully expanded leaf is characterized by distinct phenotypic
profiles and governed by the molecular profiles of the individual cellular components. To reveal the systems behavior of leaf
development we did an integrated analysis of quantitative transcript and protein measurements at different stages of
Arabidopsis leaf development using leaf number 6. Analyzing protein and transcript abundance changes across four different
growth stages revealed that the variation patterns reflected the functional states of the leaf in each stage. Across the growth
stages the protein and transcript data displayed a similar trend with some notable exceptions of anti-correlated patterns
suggesting that sub-cellular protein localization and complex formation are additional factors that determine protein level
regulation. Integration of dynamic changes in transcript and protein abundances at the end of the day and end of the night
resulted in an unexpectedly large number of transcripts showing strong stage and condition dependent diurnal fluctuations.
Fluctuating transcripts with higher levels at the end of the night belonged to GO categories significantly over-represented for
transcription, response to gravity and response to abiotic stimulus, while those higher at the end of the day were enriched for
biological processes connected to translation. These diurnal transcript level fluctuations were not matched by protein level
fluctuations. Comparing the molecular profiles of leaf growth in continuous mild water deficit revealed an adaptation response at
transcript and protein level, which is different from the well-established drought stress response. Together, these data provide
novel information on different regulatory principles that govern protein and transcript level changes during development, the
diurnal cycle, and in different experimental conditions.

427

INTEGRATING GENOME-WIDE NETWORK MODELS WITH QUANTITATIVE 3D CELLULAR MORPHODYNAMICS
IDENTIFIES A HOMEODOMAIN-MEDIATED GENE REGULATORY NETWORK DRIVING CELL EXPANSION

George W. Bassel* (University of Birmingham, UK), Pierre Barbier de Reuille (University of Bern, Switzerland), Daniel J. Gibbs
(University of Nottingham, UK), Richard S. Smith (University of Bern, Switzerland), Michael J. Holdsworth (University of
Nottingham, UK)
gbassel@gmail.com
Multicellular organ development is driven by cell division, expansion and differentiation. Seed germination is a simplified system
to study these latter two processes as this developmental transition from the embryonic to vegetative state occurs exclusively
through cell shape changes in the absence of cell divisions. Using publicly available gene expression data generated from
Arabidopsis seeds, two different co-functional gene network models have been inferred. These were generated using a
statistical co-expression approach (SeedNet) (Bassel et al. 2011 PNAS) and a rule-based machine learning approach termed
co-prediction (SCoPNet) (Bassel et al. 2011 Plant Cell). Discrete sub-domains within these networks contain gene interactions
associated with each the regulation of cellular identity and cell expansion. Functional examination of uncharacterized genes
within cell identity-related modules has led to the identification of 15 previously uncharacterized genes controlling the embryonic
to vegetative cellular phase transition. Many of these factors also modulate the vegetative to reproductive phase transition
suggesting conserved molecular mechanisms regulate cell identity in plants. Predicted gene regulatory networks (GRNs)
involved in cell expansion are currently being investigated by integrating candidate protein and gene expression data within
quantitative high resolution 3D analyses of changes in embryo cell geometry. This multi-scale imaging approach enables the
spatial and temporal regulation of these putative regulatory factors to be quantified simultaneously within the context of cell
shape changes during early plant growth. A homeodomain transcription factor-mediated GRN that promotes embryo cell
expansion and seed germination has been identified. This homeodomain GRN acts downstream of the DELLA-mediated
repression of cell expansion and directly promotes cell expansion-related gene expression.

428

GENETIC CONNECTIONS BETWEEN NODULATION AND LATERAL ROOT DEVELOPMENT

Anthony Carter* (University of Warwick, UK), Jesper Grønlund (University of Warwick, UK), Sanjeev Kumar (University of
Warwick, UK), Nigel Burroughs (University of Warwick, UK), Miriam Gifford (University of Warwick, UK)
Anthony.Carter@Warwick.ac.uk
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The diversity of cell-types and functions within multicellular organisms means that it is very challenging to detect important but
zonally restricted gene expression interactions in heterogeneous tissue samples. Since many critical aspects of plant
development are highly cell specific this poses a methodological problem. To address this we use fluorescence-activated cell
sorting (FACS) of transgenic lines expressing fluorophores solely in cell-types of interest (cortex, pericycle and epidermis) to
isolate cell-types for gene expression analysis using high density Nimblegen microarrays. To understand the evolution of a
highly cell type specific developmental interaction, nodulation, and parallels to lateral root development we are investigating
genes in the non-legume Arabidopsis thaliana similar to some involved in nodulation in the legume Medicago truncatula. The
literature yielded 21 pairs of genes showing similarity in sequence or gene family. Phenotyping of T-DNA knockout mutants has
shown four lines to have significantly different lateral root architecture, in line with a connection between lateral root
development and nodulation. The two most significantly different lines were crossed with the cell-type specific fluorescent
marker lines. These are used to study perturbations of transcriptional networks within cell types key to the early stages of
nodulation – epidermis for environmental signalling, and cortex which is the earliest cell type showing physiological changes
during the nodulation process. We also test the hypothesis that networks involved in early nodule formation are shared with
lateral root organogenesis by studying the pericycle, from which lateral root primordia form. We have also performed a
timecourse experiment investigating responses in the cortex and pericycle of Arabidopsis to increased nitrate availability and the
presence of the rhizobacterium Sinorhizobium meliloti across 13 time points over 48 hours.

429

NEGATIVE REGULATION OF THE TRANSITION OF SEED MATURATION PROGRAM TO VEGATATIVE GROWTH
BY A SCARECROW-LIKE TRANSCRIPTION FACTOR

Ming-Jun Gao* (Agriculture and Agri-Food Canada, Saskatoon Research Centre, Canada), Xiang Li (Agriculture and Agri-Food
Canada, Saskatoon Research Centre, Canada), Gordon M. Gropp (Agriculture and Agri-Food Canada, Saskatoon Research
Centre, Canada), Jun Huang (Agriculture and Agri-Food Canada, Saskatoon Research Centre, Canada), Donna L. Lindsay
(University of Saskatchewan, Canada), Derek J. Lydiate (Agriculture and Agri-Food Canada, Saskatoon Research Centre,
Canada), Dwayne D. Hegedus (Agriculture and Agri-Food Canada, Saskatoon Research Centre, Canada)
ming-jun.gao@agr.gc.ca
Plants undergo many developmental phases including embryonic, vegetative and reproductive development. These phase
changes are mainly controlled by spatial and temporal regulation of gene expression. Seeds are the key link between two
sporophytic generations in the life cycle of flowering plants. The seed maturation program is repressed after seed germination
and during seedling establishment. In eukaryotes, histone deacetylase (HDAC) forms a multimeric protein complex in which the
associated factors facilitate HDAC enzymatic activity. HDA6 and HDA19 have been shown to redundantly contribute to the
repression of embryonic properties after germination via an unknown mechanism. Here, we report an HDA19-associated coregulator that physically interacts with HDA19 and results in the repression of seed maturation genes in Arabidopsis seedlings.
SCL15 (SCARECROW-Like 15) was isolated based on its interaction with the Arabidopsis HDA19. SCL15 recruited HDA19
leading to a reduction in histone acetylation and repression of lacZ transcription in yeast. SCL15 was shown to be localized to
the nucleus and expression of SCL15 was regulated by abscisic acid, sugar and auxin signaling. SCL15 was mainly expressed
in the phloem system of the vascular tissues. Mutation of SCL15 led to a global shift in gene expression to a profile resembling
late embryogenesis. A large subset of genes involved in the seed maturation program were markedly derepressed in scl15
mutant seedlings, including those encoding seed storage proteins and seed-specific vacuolar processing enzymes. Consistent
with this, scl15 mutant seedlings accumulated 12S globulin in an ABA-dependent manner. Moreover, mutation of SCL15
resulted in increases in H3K9K14 acetylation at a subset of embryonic genes. These data suggest that during vegetative growth
in Arabidopsis, SCL15 acts as a HDA19 recruiting factor to prevent the transition of seed maturation program to vegetative
growth through targeting embryonic genes.
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TAKING FULL ADVANTAGE OF SYSTEMATIC PHENOTYPING IN ARABIDOPSIS THALIANA

Christine Granier* (INRA, France), Sébastien Tisné (INRA, France), François Vasseur (INRA, France), Catherine Massonnet
(INRA, France), Maryline Lièvre (INRA, France), Denis Vile (INRA, France)
granier@supagro.inra.fr
The large set of genetic resources in Arabidopsis has led different labs to develop automated high-throughput phenotyping
platforms to track plant development and its response to various environmental conditions. The identification of genes, their
functions and the associated processes controlling plant development and its plasticity are expected to increase rapidly with the
knowledge gained from this ongoing systematic phenotyping initiative. However, description of plant growth phenotypes is not
always sufficient for reconciling observations among groups and taking full benefit from the large amount of phenotypic data.
The main reasons are that most descriptors are qualitative, and not associated with metadata such as the precise recording of
environmental conditions or plant handlings. Another problem comes from the poor multivariate datasets measured on same
individuals, enabling direct comparisons of the co-regulation of different growth-related processes. Focusing on the accurate
description of leaf development from cellular organization to organ functioning for a high number of genotypes and under
contrasted environmental conditions, we get on a better understanding of how plants develop and respond to their environment.
Complementary statistical modeling approaches have allowed to disentangle how several growth-related processes are related
to one another. When combined to systematic phenotyping, such multivariate analyses offer promising directions for a better
understanding of the coordination of plant growth at different organizational scales, therefore giving insights into the organismal
versus cellular theory of growth control.
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TRANSCRIPTOMICS AND METABOLOMICS OF COTYLEDON-LESS ARABIDOPSIS: THE MOLECULAR MAKE-UP
OF AN ORGAN

Mehmet Can Gulersonmez* (TU München, Germany), Michaela Matthes (TU München, Germany), Miriam Luichtl (TU
München, Germany), Rafal Jonczyk (TU München, Germany), Steffen Fabian (TU München, Germany), Ottilie Peis (TU
München, Germany), Georg Haberer (MIPS, Germany), Klaus F. X. Mayer (MIPS, Germany), Lilla Römisch-Margl (TU
München, Germany), Ramon A. Torres-Ruiz (TU München, Germany)
m.c.gulersonmez@mytum.de
We have taken advantage of the unique cotyledon-less phenotype of the Arabidopsis pid enp double-mutant in order to identify
factors and compounds which are specific for cotyledons. Competitive wild-type vs. double mutant microarray experiments of
embryo torpedo stages revealed that a restricted number of cotyledon specific transcription factors display an altered
expression pattern. These factors specify for instance particular cell differentiation processes. The expression of few genes
coding for enzymatic functions are also conspicuous. Cotyledons are important storage organs required for the successful
germination of the plant. Therefore we also determined metabolomic patterns of wild-type vs. cotyledon-less seedlings by GCMS in order to assess differences which originate from the presence/absence of these organs. We detected alterations in the
levels of several important compounds as for instance free amino acids and fatty acids. In the long range we aim to identify
relevant determinants of the cotyledon cell morphology as well as cotyledon cell metabolome.

432

SMALL CODING GENES ASSOCIATED WITH MORPHOGENESIS ARE HIDDEN IN PLANT GENOMES

Kousuke Hanada*(RIKEN Pant Science Center), Mieko Higuchi(RIKEN Pant Science Center), Masanori Okamoto(RIKEN Pant
Science Center), Takeshi Yoshizumi(RIKEN Pant Science Center), Minami Shimizu(RIKEN Pant Science Center), Maho
Tanaka(RIKEN Pant Science Center), Yoko Horii(RIKEN Pant Science Center), Mika Kawashima(RIKEN Pant Science Center),
Keiko Matsui(RIKEN Pant Science Center), Tetsuro Toyoda(RIKEN Pant Science Center), Kazuo Shinozaki(RIKEN Pant
Science Center), Motoaki Seki(RIKEN Pant Science Center), Minami Matsui (RIKEN Pant Science Center)
kohanada@psc.riken.jp
Peptides translated from small coding genes play essential roles in multicellular organisms. However, small coding sequences
in genomes tend to be missed. Here, we show that novel small open reading frames (sORFs: 30 to 100 amino acids) are
associated with morphogenesis in A. thaliana. Using a designed array, we generated an expression atlas in 16 organs and 17
environmental conditions among 7901 identified coding sORFs. 4664 coding sORFs were expressed in at least one
experimental condition, and 6516 were conserved in other land plants, at the amino acid level. Throughout overexpressing 473
transcribed and/or conserved coding sORFs, ~10% (49/473) induced visible phenotypic effects by a high proportion that is
approximately seven times higher than that of randomly chosen known genes. Many coding sORFs hidden in plan genomes
may be associated with morphogenesis. Our expression and phenotypic data for sORFs will promote further study of their roles
in plants.
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PROTEOME-WIDE ANALYSIS OF CDK SUBSTRATES REVEALS A TIGHT INTERCONNECTION OF THE CELL
CYCLE WITH PHYSIOLOGY AND DEVELOPMENT IN ARABIDOPSIS

Hirofumi Harashima* (IBMP-CNRS, France), Stefan Pusch (Max Planck Institute for Plant Breeding Research, Germany), Nico
Dissmeyer (Leibniz Institute of Plant Biochemistry, Germany), Lali Achard (IBMP-CNRS, France), Marc Bergdoll (IBMP-CNRS),
Philippe Hammann (IBMC-CNRS, France), Maren Heese (IBMP-CNRS, France), Benjamin E Turk (Yale University School of
Medicine, USA), Arp Schnittger (Max Planck Institute for Plant Breeding Research, Germany, IBMP-CNRS, France)
hirofumi.harashima@ibmp-cnrs.unistra.fr
Progression through the cell cycle is controlled by heterodimeric enzymes comprised of a kinase subunit, cyclin-dependent
kinase (CDK), and a regulatory subunit, cyclin. CDKs change the activities of their substrates by phosphorylation and by that
promote the entry into the next cell cycle phase. A-type CDK (CDKA;1), a homolog of Cdc2/CDC28, is one of the major cell
cycle kinases in Arabidopsis and previous work has revealed that CDKA;1 activity is required for mitotic cell cycle control during
sporophyte and gametophyte development as well as for the meiotic cell cycle. In budding yeast, approximately 5 percent of the
proteome (over 300 proteins) were found as Cdc28 substrates underlining the central position of the cell cycle not only for
proliferation but also for metabolisms and other cellular processes. However, in spite of the central role of CDKs in the plant cell
cycle, only a limited number of CDK substrates are known in plants. To identify substrates of CDKA;1 in Arabidopsis and by that
obtaining molecular insights into a link between cell cycle regulation and general plant development, we are following different
complementary approaches. First, we have unraveled the phosphorylation motives of different CDK-cyclin complexes using
peptide arrays. Second, we have exploited bimolecular complementation assays that were found to stabilize enzyme-substrate
interactions, allowing us the identification of a first set of the kinase substrates. Third, we have generated a gatekeeper mutant
of CDKA;1 that can partially rescue cdka;1 mutants. In this gatekeeper variant, the ATP binding pocket is enlarged in such a
way that bulky derivatives of ATP can be accepted by the kinase allowing the identification of proteins that were phosphorylated
by this kinase. Finally, we are analyzing the phospho-proteome of weak loss-of-function mutants of CDKA;1. These approaches
are providing a growing list of CDKA;1 substrates, including a large number of plant specific substrates.

434

POSITIONAL INFORMATION THROUGH DIFFERENTIAL ENDOCYTOSIS SPLITS AUXIN RESPONSE TO DRIVE
ARABIDOPSIS ROOT MERISTEM GROWTH
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Christian S. Hardtke* (University of Lausanne, Switzerland), Luca Santuari (University of Lausanne, Switzerland), Emanuele
Scacchi (University of Lausanne, Switzerland), Antia Rodriguez-Villalon (University of Lausanne, Switzerland), Paula Salinas
(University of Lausanne, Switzerland), Esther M. N. Dohmann (University of Lausanne, Switzerland), Géraldine Brunoud (ENS
Lyon, France), Teva Vernoux (ENS Lyon, France), Richard S. Smith (University of Bern, Switzerland)
christian.hardtke@unil.ch
In the Arabidopsis root meristem, polar auxin transport creates a transcriptional auxin response gradient that peaks at the stem
cell niche and gradually decreases as stem cell daughters divide and differentiate. The amplitude and extent of this gradient is
essential for both stem cell maintenance and root meristem growth. To investigate why expression of some auxin-responsive
genes, such as the essential root meristem growth regulator BREVIS RADIX (BRX), deviates from this gradient, we combined
experimental and computational approaches. We created cellular level root meristem models that accurately reproduce
distribution of nuclear auxin activity and allow dynamic modeling of regulatory processes to guide experimentation. Expression
profiles deviating from the auxin gradient could only be modeled after intersection of auxin activity with the observed differential
endocytosis pattern and positive (auto-)regulatory feedback through plasma membrane to nucleus transfer of BRX. Because
BRX is required for expression of certain auxin response factor targets, our data suggest a cell type-specific endocytosisdependent input into transcriptional auxin perception. This input sustains expression of a subset of auxin-responsive genes
across the root meristem’s division and transition zones and is essential for meristem growth. Thus, the endocytosis pattern
provides specific positional information to modulate auxin response. Recent progress in elucidating the molecular mechanisms
that in turn set up the endocytosis pattern in the root meristem will be reported.

435

EXPRESSION GRADIENT OF ANGUSTIFOLIA3 AND PROLIFERATION DYNAMICS OF LEAF CELLS

Kensuke Kawade* (RIKEN Plant Science Center, Japan), Hirokazu Tanimoto (University of Tokyo, Japan), Gorou Horiguchi
(Rikkyo University, Japan), Masami Y. Hirai (RIKEN Plant Science Center, Japan), Hirokazu Tsukaya (University of Tokyo,
Japan)
kawa-ken@psc.riken.jp
Spatiotemporal control of cell proliferation is a quintessential feature for organogenesis. Often, precise dynamics of cell
proliferation is established by a concentration gradient of an intercellular signalling molecule. In leaves, cell proliferation is active
in the entire region of primordia, and then gradually ceases along proximal-distal (P-D) axis. Such a profile reminiscent of a
gradient mechanism also in leaves, but little is known about it. ANGUSTIFOLIA3 (AN3) encodes a transcription co-activator for
leaf cell proliferation. AN3 mRNA is detectable only within proximal region of primordia whereas proliferating cells are seen more
broadly. The simplest explanation for the spatial difference is that AN3 protein moves along P-D axis. To address the
hypothesis, we quantified the AN3 expression along P-D axis using an3 transgenic line in which AN3 fused with GFP (AN3GFP) is expressed. In addition, we observed an3 line expressing AN3 fused with triple GFP (AN3-3xGFP), which is functional
but unable to move between cells. As a result, we revealed that AN3-GFP and AN3-3xGFP expressions are formed gradient
profiles along P-D axis. Interestingly, we found that AN3-GFP was detected at higher level than AN3-3xGFP in the distal region
of the early primordia. This profile was not observed in the late stage, suggesting that AN3 mobility contributes to gradient
formation in a developmental-stage dependent manner. We next asked whether proliferation dynamics of leaf cells exhibits a
similar profile to AN3 gradient by an EdU-labeling experiment, and showed that the dynamics was well fitted with AN3 gradient.
To gain further insight into the relationship between them, we are now constructing diffusion-type mathematical model for AN3
gradient formation. We here use spatially inhomogeneous diffusion constants, which is estimated by FRAP analysis. Based on
our experimental and theoretical results, we would like to discuss how spatiotemporal dynamics of leaf cells is controlled.
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COMPUTATIONAL RECONSTRUCTION OF THE ARABIDOPSIS THALIANA PHOSPHORYLATION NETWORK
THROUGH INTEGRATION OF PREDICTIVE MODELS, ORTHOLOGY AND FUNCTIONAL ANNOTATIONS

Kris Laukens* (University of Antwerp, Belgium), Stefan Naulaerts (University of Antwerp, Belgium), Thanh Hai Dang (University
of Antwerp, Belgium)
kris.laukens@ua.ac.be
Protein phosphorylation plays an essential regulatory role in a diversity of eukaryotic processes. Compared to other kingdoms
our knowledge of the network of plant kinases and associated substrates is still limited. Its systematic elucidation imposes
significant technological challenges. To complement experimental studies, we developed an integrative bioinformatics pipeline
that employs phosphorylation data from other (“reference”) organisms, functional information and the limited plant
phosphorylation data available to predict a large-scale kinase-substrate network for Arabidopsis. The core of the method is a
machine-learning model based on “Conditional Random Fields” that is trained from the protein structures surrounding known
phosphorylation sites. Kinase-specific phosphorylation models constructed from the reference organisms are transferred to
Arabidopsis through orthology, and merged with equivalent plant-specific models. This pipeline yields a large draft kinasesubstrate network (including phosphorylation sites). Evaluation of the network against independent experimental data reveals
significant overrepresentation of known true phosphorylation sites and confirmed kinase-substrate interactions. Furthermore,
predicted substrates for well-known Arabidopsis kinases show significant overrepresentation of functions related to these
kinases. For example, predicted substrates for aurora kinases were enriched with proteins annotated with the term “cytokinesis”,
in contrast to other substrate subsets. To reduce the number of false positives in the draft network, we further filter it using
additional criteria, such as the functional coherence between kinase and substrate, and kinase-substrate co-localization. The
remaining network is now interpreted against literature evidence. It proves to be a powerful hypothesis generator to explain
various processes, and may become a valuable complement to experimental signal transduction research in Arabidopsis.
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MOLECULAR IDENTIFICATION OF LIGNIN BIOSYNTHETIC ENZYMES IN THE CASPARIAN STRIP FORMATION IN
ARABIDOPSIS

Yuree Lee* (University of Lausanne, Switzerland), Maria Carmen Rubio (University of Lausanne, Switzerland), Julien
Alassimone (University of Lausanne, Switzerland), Niko Geldner (University of Lausanne, Switzerland)
yuree.lee@unil.ch
Casparian strips (CS) are localized impregnations of the primary cell wall between endodermal cells, which generate a
apoplastic barrier. We have recently established that the CS in Arabidopsis consists of lignin or a closely related, lignin-like
polymer. The CS is less required for plant survival than xylem vessels and the endodermis is a relatively big, peripheral cell
layer making the endodermis an attractive new model system for the investigating the cell biology of lignin formation. In a
forward genetic screen, we identified the sgn4 mutants, which show a strongly delayed CS formation. We have identified SGN4
as an NADPH oxidase. We speculated that regulated SGN4 activity provides a localised ROS source for the oxidative
polymerization of the CS. Indeed, we could visualise localised ROS at the sites of CS formation and pharmacological inhibition
of NADPH oxidases, dismutases, peroxidases and peroxide accumulation, strongly support our model. Compared to the
monolignol biosynthetic pathways, the enzymes catalyzing monolignol polymerisation are less well known and even more
limited is our understanding of the mechanisms that allow the precise subcellular localization of lignin that is seen in many cell
types. Peroxidases utilize hydrogen peroxide for their enzymatic reaction, and we think is provided by localised action of SGN4.
In addition to this, we show that endodermal peroxidase are localised into a meridional ring around the cell where the CS will be
formed, co-localising precisely with the CASPs membrane platform. Our findings provide insights into the last steps of lignin
polymerization. We provide a model how the subcellular localization of lignin can be achieved and our understanding of
endodermal lignification might be a model for lignification in various other cell types.
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TRANSCRIPTOME ANALYSIS OF ARABIDOPSIS LEAF LIFE HISTORY AND AGING

Pyung Ok Lim* (Jeju National University, Korea), Hye Ryun Woo (Chungnam National University), Byungwook Lee (KOBIC,
Korea), Hee Jung Koo (POSTECH, Korea), Ji Hyung Jun(POSTECH, Korea), Seung Hee Choi (POSTECH, Korea), Il Hwan Lee
(POSTECH, Korea), Sujin Park (POSTECH, Korea), You-Wang Kim (POSTECH, Korea), Daehee Hwang (POSTECH, Korea),
Sanghyuk Lee (KOBIC, Korea), Hong Gil Nam (POSTECH, Korea)
polim@jejunu.ac.kr
Aging is a life history strategy, a process of functional switching of cells, organs, and organisms, although it includes some wear
and tear processes inevitably. Leaf aging and the associated cell death in plants serve as a mean to facilitate nutrient recovery
and recycling to developing seeds or other organs. Thus, the fine tuning of the initiation and progression of leaf senescence is
critical to optimize plants’ fitness. We are currently trying to understand in leaves what the age-dependent molecular program is,
how the age-dependent program is operating for the functional switching, and how this program has evolved. To understand a
system as complex as leaf aging, where many external and internal signals are integrated, it is essential to study at a systems
level and with dynamic view. Here, we adapted RNA-Seq to explore three types of transcriptome (mRNAs, total RNAs, and
small RNAs) in 7 developmental stages of the Arabidopsis single leaf (from young to senescing stage), which would provide a
high-resolution view of transcriptome dynamics throughout development. From mRNA-seq and total RNA-seq data, we
identified thousands of new genes, coding and non-coding transcripts, exons, splicing and editing events. Our result provides
one of the most comprehensive transcriptome data sets in plants and is one of the best life history transcriptome analyses.
Detailed information and important insights obtained from RNA-seq data will be presented.
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DYNAMIC INTERPLAY BETWEEN AUXIN AND PLETHORAS ORCHESTRATES ROOT GROWTH

Ari Pekka Mähönen* (University of Helsinki, Finland), Riccardo Siligato (University of Helsinki, Finland), Sara Diaz Trivino
(Utrecht University, the Netherlands), Guy Wachsman (Utrecht University, the Netherlands), Ben Scheres (Utrecht University,
the Netherlands)
AriPekka.Mahonen@helsinki.fi
Growth is an outcome of a dynamic interplay between cell division, expansion and differentiation. In the Arabidopsis root tip, the
phytohormone auxin and PLETHORA (PLT) transcription factors play central roles in these processes. In cell cultures, high
concentrations of auxin are required to maintain cell proliferation, and as auxin concentration decreases cells proceed with cell
expansion and differentiation. However, it has been demonstrated that auxin is required for cell differentiation as well. Our data
show that PLT transcription factors act as a switch to decide between division and differentiation. In the root meristem auxin
promotes cell division in the presence of PLT transcription factors, and in the absence of PLTs, auxin is required for
differentiation. Auxin accumulation in the stem cell niche slowly induces PLT transcription but auxin does not dictate the shape
of PLT gradient. Instead, our results show that PLT is transcribed in a narrow domain in the proximal meristem from which
translated PLT protein uses mitotic segregation and cell-to-cell movement to form a gradient. This new gradient formation
mechanism ensures robust and simultaneous dilution of PLT levels along the meristem. When PLT levels are too low to
promote cell division, cells proceed with expansion and differentiation. We further show that the elongation zone (EZ) exists only
because of growth dynamics; the meristem is constantly producing cells for differentiation, and we find that it takes a constant
time to finalize the differentiation process. The size of the EZ depends on the cell production and expansion rate, the latter one
again being dependent on local auxin levels in the EZ. Together our data reveal a dynamic interplay between auxin and PLTs to
determine whether cells will remain in mitotic state or whether they enter cell expansion and differentiation, the instrumental
processes for organ growth.
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440

A REGULATORY FEED-FORWARD LOOP IN THE NITROGEN ASSIMILATORY PATHWAY

Amy Marshall-Colon* (New York University, USA), Gloria Coruzzi (New York University, USA)
amc22@nyu.edu
As nitrogen is the key rate limiting element in plant growth, understanding the factors that limit N-use efficiency have particular
relevance in the age of global shortages of food and biofuels. One goal of our research is to use a systems biology approach to
model and predictively manipulate gene regulatory networks affecting uptake/assimilation of inorganic nitrogen into amino acids
to improve nitrogen-use-efficiency. Our working model posits that inorganic and organic-N signals are perceived and transduced
to regulate N-uptake/assimilation in response to N-availability. In this model, nitrate activates transcription of genes involved in
uptake and assimilation of inorganic-N into organic-N used for biosynthetic reactions. These amino acid products of Nassimilation in turn act as signals of organic-N status to repress further N-assimilation and to activate genes involved in the
conversion of metabolically reactive Gln into inert Asn, used for N-storage/transport. A systems approach that combines
genomics and computation to analyze transcriptome responses to N-treatments in the context of regulatory networks was
combined with N-treatments and genome-wide transcriptional analysis resulted in the discovery of 834 genes regulated by
inorganic and/or organic N. Querying the Arabidopsis multi-network with this gene list resulted in a regulatory sub-network
model that predicts when organic-N is abundant the regulatory motif, “N(Glu)--|CCA1/WRKY1--|bZip1” “switches off” N reduction
and “switches on” Asn synthesis, while simultaneously repressing Asn catabolism. This transcriptional motif comprises a
potential regulatory feed forward loop. The focus of the current research is to validate predictions surrounding this feed forward
loop. Predictions are tested using mutant lines in contributing TFs and also using a conditional expression system, which
determines direct vs indirect targets of the TFs of interest.
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REVERSE GENETICS OF LEAF DEVELOPMENT

José Luis Micol* (Instituto de Bioingeniería, Universidad Miguel Hernández de Elche, Spain), David Wilson-Sanchez (Instituto
de Bioingeniería, Universidad Miguel Hernández de Elche, Spain), Sara Jover-Gil (Instituto de Bioingeniería, Universidad
Miguel Hernández de Elche, Spain), Maryline Lièvre (Laboratoire d’Ecophysiologie de Plantes sous Stress Environnementaux
UMR759, France), Christine Granier (Laboratoire d’Ecophysiologie de Plantes sous Stress Environnementaux UMR759,
France), José Manuel Pérez-Pérez (Instituto de Bioingeniería, Universidad Miguel Hernández de Elche, Spain), María Rosa
Ponce (Instituto de Bioingeniería, Universidad Miguel Hernández de Elche, Spain)
jlmicol@umh.es
The interest of the study and eventual manipulation of leaf development lays on the fact that leaves are the fundamental
photosynthetic organ, of vital importance for life in our planet. Although hundreds of mutants with altered leaf development have
been isolated using forward genetics, saturation has not yet been reached for the Arabidopsis genome. The group of Prof. J.R.
Ecker, at The Salk Institute, is obtaining a large collection of gene-indexed homozygous T-DNA insertion mutants. Aiming to
identify novel genes required for leaf growth, we are screening 20,718 of these lines, which correspond to 14,585 genes. So far,
we have analyzed the leaf phenotype of 16,400 lines, and identified 518 that show a mutant phenotype with full penetrance and
almost constant expressivity. We have genotyped 300 of these genuine leaf mutants, finding that a T-DNA insertion is
homozygous at the annotated locus in 74% of them. According to TAIR functional annotation, 56% of the loci for which we
identified a mutant allele have no previously described mutant alleles. We have designed and implemented a public database
and a web-based query application that collects the results of our screen and the preliminary characterization of the mutant
phenotypes. 120 genuine leaf mutants with a confirmed homozygous T-DNA insertion have been subjected to detailed timelapse qualitative and quantitative phenotypic analyses (see poster by Maryline Lièvre et al.).

442

FUNCTIONAL ANALYSES OF THE ARABIDOPSIS THALIANA ARSENATE REDUCTASE 2 GENE PUTATIVELY
INVOLVED IN REDUCING ARSENATE TO ARSENITE IN PLANTS.

Noor Nahar* (University of Skövde, Sweden), Aminur Rahman (University of Skövde, Sweden), Abul Mandal (University of
Skövde, Sweden) Maria Algerin (University of Skövde, Sweden) Maria Moś (University of Agriculture in Krakow, Poland),
Tomasz Warzecha (University of Agriculture in Krakow, Poland), Sibdas Ghosh (Dominican University of California, USA),
Sheila Johnson-Brousseau (Dominican University of California, USA)
noor.nahar@his.se
In silico analysis of arsenic reductase 2 (ACR2) gene has been shown its central role in the process of uptake and/or
accumulation of arsenic in plants. We have constructed a 3-D model of ACR2 protein of Arabidopsis thaliana by employing
Iterative Implementation of the Threading Assembly Refinement (I-TASSER) server based on 146 amino acid sequences
retrieved from NCBI database (access number AED 90607.1, http://www.ncbi.nlm.nih.gov/protein?term=ACR2). Analysis of the
3-D model by hierarchical protein structure modeling (TM-align) and LOMETS program revealed that this protein consists of two
pairs of conserved cysteines required for formation of redox-active disulfide bonds. The arsenic binding loop/HC(X)-5, the Rloop structural motif and the residues of Phenylalanine-53, Phenylalanine-54, Cystine-134, Cysteine-136, Cysteine-141,
Cysteine-145, and Lysine-135 are essential for reducing arsenate to arsenite including arsenylated enzyme-substrate
intermediates in plants. Thus, the analysis of functional structure of ACR2 suggests its involvement in the catalytic metabolism
of arsenate to arsenite in plants. We have validated the in silico results by exposing the T-DNA tagged ACR2 mutant of A
thaliana to various dosage of arsenic. Our RT-PCR data showed reduced expression of ACR2 (At5g03455) gene at the
transcriptional level. Furthermore, spectrophotometric analysis revealed that the level of arsenic accumulation in the mutant was
approximately six fold higher than that observed in the wild type plants. We report that the results obtained in silico analyses are
in complete agreement with those obtained in vivo studies.
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THE INTERPLAY BETWEEN THE B AND C FUNCTION FLORAL REGULATORS OF ARABIDOPSIS REVEALS A
MOLECULAR SWITCH FOR SEX DETERMINATION

Diarmuid S. Ó’Maoiléidigh* (Trinity College Dublin, Ireland), Samuel E. Wuest (Trinity College Dublin, Ireland), Liina Rae (Trinity
College Dublin, Ireland), Kamila Kwasniewska (Trinity College Dublin, Ireland), Andrea Raganelli (Trinity College Dublin,
Ireland), Katarzyna Hanczaryk (Trinity College Dublin, Ireland), Amanda J. Lohan (University College Dublin, Ireland), Brendan
Loftus (University College Dublin, Ireland), Emmanuelle Graciet (Trinity College Dublin, Ireland), Frank Wellmer (Trinity College
Dublin, Ireland)
omaoilds@tcd.ie
The specification of different organ types from small pools of undifferentiated cells depends on the activities of morphogenic
agents. In Arabidopsis, the absence of some of these morphogens leads to floral homeotic transformations. It was these floral
mutants which lead to the proposal of the ABC model of flower development, which states that the combinatorial action of three
classes of transcription factor specify the four types of floral organs. This seminal model was proposed over 20 years ago, and
has subsequently been augmented and updated to include different evolutionary perspectives and novel regulators. In spite of
this progress, there is a dearth of knowledge surrounding the precise mechanisms by which the floral homeotic selector genes
act. The development of a unique floral induction system, which allows the collection of large amounts of synchronous stagespecific floral buds, coupled with the advances in genomic technologies has allowed us to identify the target genes of the B
function regulators APETALA3 (AP3) and PISTILLATA (PI) at different stages of flower development. We have also
developmentally resolved the requirement for B function over the course of flower development using an inducible perturbation
approach. These analyses have lead to an understanding of a context dependent synergism and antagonism between the B
and C class homeotic genes. Specifically, the B function homeotic regulators, which act as bifunctional transcription factors,
appear to behave as a molecular switch at a distinct point during early flower development to repress the activities of genes
involved in female reproductive organ development, thus promoting male reproductive functions. These findings allow us to
propose a molecular model that may underpin the evolution of bisexual flowers.

444

HYPOCOTYL GROWTH: CAN AN ISOTROPIC MATERIAL CONTRIBUTE TO ANISOTROPIC GROWTH?

Alexis Peaucelle* (University of Paris VII and INRA Versailles, France), Siobhan A. Braybrook (University of Bern, Switzerland),
Herman Hofte (INRA Versailles, France)
Alexis.Peaucelle@versailles.inra.fr
To escape from a globular shape, pluri-cellular organisms have developed local tissue polar growth, or anisotropic growth. The
axial organization of plants is one of the best examples of this, allowing them to reach up into the light and down into the nutrient
rich soil. Anisotropic growth in plants is associated with anisotropical properties of the cell wall, namely cellulose microfibril
orientation. Here we investigate this paradigm using advanced biomechanical techniques. We will present a model of
anisotropical growth that includes a new parameter: mechanical asymmetry at the cellular level. We will present experiments
using the young seedling shoot, the hypocotyl, to investigate the strength and limits of this new model. Our data adds new depth
to current hypotheses regarding the control of anisotropic growth via cell wall mechanics.

445

CHARACTERISATION OF A TRANSCRIPTIONAL CIRCUIT INVOLVING THE TRANSCRIPTION FACTOR, ATMYB61

Michael Prouse* (University of Toronto, Canada), Julia Romano (University of Toronto, Canada), Christian Dubos (University of
Toronto, Canada), Malcolm Campbell (University of Toronto, Canada)
michael.prouse@utoronto.ca
AtMYB61, a member of the R2R3-MYB family of transcription factors in Arabidopsis thaliana, alters gene expression in
response to sugars, resulting in pleiotropic modifications of carbon allocation throughout the plant body. AtMYB61 transcript
abundance increases in response to the major product of photosynthesis, sucrose, and is repressed in response to two major
products of photorespiration, glutamate and glycine. Phylogenetic footprinting, bioinformatic, and biochemical analyses support
the hypothesis that AtMYB61 expression is de-repressed by soluble sugars in a mechanism involving intragenic sequences.
Current experiments suggest the involvement of specific proteins in the regulation of AtMYB61 expression by interaction with
gene regulatory sequences embedded in an AtMYB61 intron. The gene targets that reside downstream of AtMYB61 have also
been characterised. Putative downstream target genes of AtMYB61 were predicted on the basis of comparative transcriptome
analysis. AtMYB61 targets include genes that encode the following proteins: a KNOTTED1-like transcription factor (KNAT7,
At1g62990); a caffeoyl-CoA 3-O-methyltransferase (CCoAOMT7, At4g26220); and a pectin-methylesterase (PME, At2g45220).
Statistically over-represented motifs were identified in the 5’ non-coding regions of the putative target genes, and these
correspond to previously characterized AC element motifs that function as R2R3-MYB targets. The consensus motif functions
as a bona fide target for AtMYB61 binding as determined by an electrophoretic mobility shift assay. Binding between the gene
regulatory sequences of the putative target genes, which contain multiples of these motifs, was confirmed via electrophoretic
mobility shift assays. Altogether these experiments provide assessment of the ability of AtMYB61 to bind to gene regulatory
sequences present in the 5’ non-coding sequences of the three putative downstream targets: KNAT7, CCoAOMT7 and a PME,
substantiating its role as a potential regulator of the transcription of these genes. Together with the analysis of the regulation of
AtMYB61 expression, these studies provide insights into the entire transcriptional regulatory circuit centred around AtMYB61.

446

CHROMATIN REMODELING COMPLEX SWR1 PLAYS A CRITICAL ROLE IN FEMALE MEIOSIS IN ARABIDOPSIS
THALIANA
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Yuan Qin* (Shanghai Institute of Plant Physiology and Ecology, China), Lihua Zhao (Shanghai Institute of Plant Physiology and
Ecology, China), Imran Siddiqi (Center for Cellular and Molecular Biology, India), Megan I. Skaggs (University of Arizona, USA),
Ramin Yadegari (University of Arizona, USA), Ravi Palanivelu (University of Arizona, USA), Zhenbiao Yang (Shanghai Institute
of Plant Physiology and Ecology, China)
Yuanqin2005@gmail.com
One of the mechanisms involved in chromatin remodelling is histone replacement, for example, the substitution of canonical
H2A histone by the histone variant H2A.Z. This process is under the regulation of the ATP-dependent chromatin remodeling
complex SWR1 that contains geneticly and physically interacted components ARP6, PIE1 and SEF in Arabidopsis. Here we
showed that mutant plants of arp6, pie1 and sef displayed similar low seed set phenotype. Reciprocal crosses involving the
three components mutant alleles of SWR1 and wild type revealed that the mutant fertility defects are strictly restricted to female
sporophytic tissues. Consistent with this, male gametophyte development and function were normal in the arp6, pie1 and sef
mutant alleles. Using callose staining of cell plate formation during female meiosis, we identified that meiosis progression is
abnormal in arp6, pie1 and sef ovules and that the defects begin to manifest during the end stages of meiosis I. Examination of
female meiosis in arp6 and pie1 using chromosome spreads revealed various abnormalities in meiosis I and II
with unpaired chromosomes, loss of structure and unequal chromosome distribution. Real-time RT-PCR analysis indicated that
the expressions of a subset of meiotic related genes, including AtDMC1, a meiosis-specific gene required for homologous
chromosome pairing in meiosis, are altered in arp6 mutant ovules but not anthers. We further discovered that the expression of
AtDMC1:GFP is down-regulated in megasporocytes of arp6 ovules and up-regulated in non-sporogenous tissues of arp6
ovules. Taken together, our results indicate that chromatin remodelling complex SWR1 complex plays a critical role during
female meiosis likely through regulating the expression of some meiotic related genes.
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A TRANSCRIPTOMIC HOURGLASS IN PLANT EMBRYOGENESIS

Marcel Quint* (Leibniz Institute of Plant Biochemistry Halle, Germany), Hajk-Georg Drost (Martin Luther University Halle–
Wittenberg, Germany), Alexander Gabel (Martin Luther University Halle–Wittenberg, Germany), Kristian Ullrich (Leibniz Institute
of Plant Biochemistry Halle, Germany), Markus Bönn (Martin Luther University Halle–Wittenberg, Germany), Ivo Grosse (Martin
Luther University Halle–Wittenberg, Germany)
mquint@ipb-halle.de
Animal and plant development starts with a constituting phase called embryogenesis, which evolved independently in both
lineages. Based on Baer's laws of embryology and Haeckel's Biogenetic law from the 19th century, comparative anatomy of
vertebrate development showed that embryos from various taxa appear different in early stages, converge to a similar form
during mid-embryogenesis, and again diverge in later stages. This morphogenetic series is known as the embryonic hourglass,
and its bottleneck of high conservation in mid-embryogenesis is referred to as the phylotypic stage. Recent analyses in
zebrafish and Drosophila embryos provided convincing molecular support for the hourglass model because global gene
expression profiles were reported to be most ancient and under purifying selective pressures during the phylotypic stage of
embryo development. While extensively explored in animals, an embryonic hourglass has never been reported in plants, the
second major kingdom in the tree of life that evolved embryogenesis. Here, we provide phylotranscriptomic evidence for a
molecular embryonic hourglass in Arabidopsis thaliana using two complementary approaches. This is particularly significant
because the apparent absence of an hourglass based on morphological features in plants suggests that morphological and
molecular patterns may be uncoupled. Together, these findings indicate convergent evolution of the molecular hourglass pattern
and a conserved logic of embryogenesis across kingdoms.

448

AUXIN-DEPENDENT AND SPATIO-TEMPORAL REGULATION OF AQUAPORIN-MEDIATED TISSUE WATER
TRANSPORT TO FACILITATE LATERAL ROOT EMERGENCE

Anton R. Schäffner* (Biochemical Plant Pathology, Helmholtz Zentrum München, Germany), Jin Zhao (Biochemical Plant
Pathology, Helmholtz Zentrum München, Germany), Olivier Da Ines (Biochemical Plant Pathology, Helmholtz Zentrum
München, Germany; present address: Génétique, Reproduction et Développement, Clermont Université, France), Guowei Li
(Biochimie et Physiologie Moléculaire des Plantes, Montpellier SupAgro, France), Olivier Postaire (Biochimie et Physiologie
Moléculaire des Plantes, Montpellier SupAgro, France; present address: UMR INRA/USTL, Peronne, France), Doan Luu
(Biochimie et Physiologie Moléculaire des Plantes, Montpellier SupAgro, France), Philippe Nacry (Biochimie et Physiologie
Moléculaire des Plantes, Montpellier SupAgro, France), Christophe Maurel (Biochimie et Physiologie Moléculaire des Plantes,
Montpellier SupAgro, France), Ilda Casimiro (Universidad de Extremadura, Badajoz, Spain), Benjamin Péret (Centre for Plant
Integrative Biology, University of Nottingham, UK; present address: UMR 6191 CEA, CNRS, Université d'Aix-Marseille, France),
Leah R. Band (Centre for Plant Integrative Biology, University of Nottingham, UK), Ute Voß (Centre for Plant Integrative Biology,
University of Nottingham, UK), Mikael Lucas (Centre for Plant Integrative Biology, University of Nottingham, UK), Darren M.
Wells (Centre for Plant Integrative Biology, University of Nottingham, UK), Laure Lazzerini (Centre for Plant Integrative Biology,
University of Nottingham, UK), John R. King (Centre for Plant Integrative Biology, University of Nottingham, UK), Oliver E.
Jensen (Centre for Plant Integrative Biology, University of Nottingham, UK), Malcolm J. Bennett (Centre for Plant Integrative
Biology, University of Nottingham, UK)
schaeffner@helmholtz-muenchen.de
Lateral root (LR) formation to achieve repetitive branching is initiated in a subset of pericycle cells in roots. LR emergence is
controlled by a local accumulation of auxin, which favors cell separation in the overlaying tissue. Here, we establish a new link
between aquaporin-dependent tissue hydraulics and LR development in Arabidopsis thaliana. Aquaporins are membrane
channels that facilitate water movement across cell membranes. A comprehensive analysis shows that most aquaporin genes
are repressed during LR formation and that exogenous auxin treatment represses aquaporin genes and reduces root hydraulic
conductivity both at the cell and whole organ levels. PIP2;1pro:reporter lines indicated that the highly expressed plasma
Page 168

Posters: Systems Biology of Development

ICAR 2012 Vienna, Austria

membrane aquaporin PIP2;1 is progressively excluded from the site of the auxin response maximum in LR primordia, whilst
being maintained at their base and in the underlying vascular tissues. Modelling predicts that both loss-of-function and
constitutive expression of PIP2;1 repress LR emergence by altering water flow into LR primordia. Consistent with this prediction,
both pip2;1 mutants and 35S-driven overexpression lines exhibit delayed LR emergence. In contrast to the majority of
aquaporins, another isoform, PIP2;8, is upregulated in a later phase of LR development, but only indirectly dependent on auxin.
PIP2;8pro:GUS fusions revealed that PIP2;8 is largely restricted to the stele; only from stage IV of LR emergence onwards, it is
highly induced at the base of the LR primordia and in the underlying stele, where auxin does not accumulate. Accordingly,
PIP2;8 expression was not altered by exogenous application of IAA or of the auxin response inhibitor PCIB. We conclude that
the differential, spatio-temporal regulation of aquaporin-dependent root tissue water transport is required to promote LR
emergence.

449

TRANSCRIPTIONAL GENE NETWORKS REGULATING ARABIDOPSIS ROOT ENDODERMAL DIFFERENTIATION

Erin Sparks* (Duke University, USA), Jalean Petricka (Duke University, USA), Philip Benfey (Duke University, USA)
erin.sparks@duke.edu
The progression from multi-potent stem cell to fully differentiated tissue is a key developmental process for multicellular
organisms. Differentiation is regulated by a complex network of interactions that are not well understood, but are critical for the
development of both plants and animals. The root of Arabidopsis thaliana, in which developmental time can be observed along
the longitudinal axis, provides a tractable model for the elucidation of the regulatory networks controlling differentiation. We are
investigating the gene regulatory networks underlying terminal differentiation of the root endodermis. The endodermis is an ideal
system for these studies due to the readily detectable presence of terminal differentiation markers such as the Casparian strip.
In addition, the recent identification of CASP genes as early indicators of endodermal identity provides a framework for
generating gene regulatory networks that direct differentiation. To identify initiators of endodermal differentiation and candidate
regulators of CASP gene expression, we mined microarray datasets for transcription factors enriched in the endodermis at the
developmental zone prior to initiation of the Casparian Strip. A T-DNA insertional mutant that disrupts one of the candidate
transcription factors shows a reduction in Casparian strip staining and CASP gene expression, suggesting that this transcription
factor is upstream of the CASP genes and Casparian strip formation. Current work is underway to identify if this transcription
factor is a direct or indirect regulator of CASP gene expression and to determine other transcription factors that bind to CASP
gene promoters using a yeast-1-hybrid approach. Together these data will be used to begin generating the gene regulatory
network underlying differentiation of the root endodermis.

450

INTEGRATION OF METABOLITE AND HORMONE SIGNALLING DRIVES SEEDLING DEVELOPMENT

Michael E Stokes* (University of Toronto, Canada), Olivia Wilkins (New York University, USA), Malcolm M Campbell (University
of Toronto, Canada)
michael.stokes@utoronto.ca
Sugars play an important role throughout plant development, acting as structural components, metabolic intermediates, and
sources of energy. As a result, plants have evolved numerous mechanisms through which cellular carbohydrate abundance can
be detected. To uncover novel aspects of plant sugar perception, a chemical screen was performed in search of compounds
that perturb developmental responses to sucrose. This screen revealed that sulfamethoxazole (SMX), a folate biosynthesis
inhibitor, restricts hypocotyl elongation in a sucrose-dependent fashion. Transcriptome analysis identified a small set of
transcripts that exhibit altered abundance in response to the compound when administered in the presence of sucrose, including
multiple components of auxin signal transduction, suggesting that these two metabolic cues modulate auxin signalling in plants.
Given the sensitivity of the root meristem to changes in nutrient abundance, as well as the established role that hormone
signalling plays in meristem development, the root meristem offers a unique platform through which the interaction between
metabolite- and hormone-signalling pathways can be explored. When dark-grown seedlings are raised in the presence of the
sulfonamide, minimal effects on meristem organisation are observed. In contrast, treatment with SMX in the presence of
sucrose induces pleiotropic effects at the root meristem, including a disruption of cell-cycle progression and changes to auxin
signalling that ultimately lead to a loss of meristem integrity. Forward-genetic screening has uncovered mutants resistant to the
disruptive effect of SMX at the meristem. These loci should provide new insight into processes that maintain meristem
organisation during postembryonic root growth, and the role that metabolite signalling plays in promoting meristem activity.

451

INTRACELLULAR NEOFUNCTIONALIZATION BY NEW GENES: EVIDENCE FROM TYPE I MADS-BOX GENES IN
ARABIDOPSIS

Qian Yang* (Peking University, China; University of Chicago, USA), Li-jia Qu (Peking University, China), Manyuan Long
(University of Chicago, USA), Hongya Gu (Peking University, China)
qianyang@uchicago.edu
Gene duplication is a profound evolutionary phenomenon in plants. Through comparative genome hybridization within multiple
species of the genus Arabidopsis, we identified two recently duplicated genes in A. thaliana. Phylogenetic and synteny analysis
reveals that the duplication occurred after the divergence of A. thaliana and A. lyrata. The new genes AGL58 and AGL59,
together with their parental gene AGL64, are members of the type I MADS-box family, which appeared to have evolutionary
signatures of functional importance. RNAi knockdown lines for these duplicated genes were generated and exhibited a variety of
development abnormalities. Most mutants had short roots, chlorotic or albino cotyledon, with severe defects in the SAM
formation, and so do not develop into viable plants. While some mutants survived from the seedling stage, but showed slow and
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arrested growth during subsequent leaf and flower development with reduced fertility. The pleiotropic phenotypes suggest
important roles for these genes in plant development and in addition, controlling the formation of apical meristem and
biogenesis of organelles during embryogenesis. As transcription factors, MADS-box proteins are assumed to be localized in the
nucleus. However, observation of GFP fusion proteins showed that AGL64 was exclusively localized in the nucleus while the
two new copies were localized not only in the nucleus but also in the plasma membrane, the Golgi apparatus and the
mitochondria, suggesting that the new genes and parental gene may have diverged functions despite their sequence
redundancy and concurrent expression pattern. These results cast fresh insight into the process with a wider subcellular
distribution of newly evolved proteins, providing the first evidence in plants for the neofunctionalization of gene functions by
evolving new intracellular expression sites under positive selection, thus revealing a novel model for the emergence and
retention of new genes after duplication.
Posters: Systems Biology & Metabolism
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THE COORDINATED METABOLIC RESPONSES TO SOIL WATER DEFICIT IN ARABIDOPSIS THALIANA
ACCESSIONS HIGHLIGHT THE CENTRAL ROLE OF FUMARATE IN DROUGHT ADAPTATION

Marie Bouteillé* (INRA Montpellier, France), Ravi Valluru (INRA Montpellier, France), Irène Hummel (INRA Nancy, France),
Yves Gibon (INRA Bordeaux, France), Petronia Carillo (Univ Napoli, Italy), Mark Stitt (MPI Golm, Germany), Ronan Sulpice
(MPI Golm, Germany), Bertrand Muller (INRA Montpellier, France)
bertrand.muller@supagro.inra.fr
Drought, a common threat encountered by plants in nature, is known to alter plant metabolism but to date, no systems view of
metabolic network responses to drought has been reported. We evaluated the strength and the reshaping of a metabolic
network comprising a dozen of key primary metabolites in a population of 90 Arabidopsis thaliana accessions grown in
controlled, well watered or moderate drought conditions. Water deficit increased the concentration of most metabolites and
deeply modified the connections between them. In well watered plants, sucrose was strongly connected with amino acids,
malate and starch while under water deficit, connections emerged between nitrate, fumarate, amino acids and starch. Moreover,
metabolite responses to water deficit were highly coordinated, with fumarate occupying a central position considering the
strength of its connections. This coordination, possibly related to the necessity to finely adjust the concentrations of osmotica in
different sub-cellular compartments, was not linked either with plant biomass or biomass response to water deficit. The role of
fumarate was further strengthened using the fumarase deficient fum2-1 which showed not only a decreased fumarate
accumulation but also a lower proline and sucrose accumulation under water deficit. Finally, we found strong positive
associations between the accumulation of fumarate under water deficit and the level of drought encountered by the accessions
in their natural habitats. Together, these results show that drought induces a fumarate-centered, coordinated, growthindependent, metabolic response whose intensity depends at least in part on the native drought regimes encountered by the
plants in the wild.

453

EXPLORING THE ATP/ADP ANTIPORTER PHOTOSYNTHETIC FUNCTION AND INVOLVEMENT IN THE ENERGY
BUDGET OF CHLOROPLAST

L. Ruby Carrillo* (Michigan State University, US), Nicholas E. Fisher (Michigan State University, US), Deserah Strand (Michigan
State University, US), David M. Kramer (Michigan State University, US)
carril23@msu.edu
The ratio of ATP: NADPH produced by the photosynthetic light reactions has to be tightly regulated. Perturbation of this ratio
can lead to ATP depletion and the failure of downstream processes (such as the Calvin-Benson cycle). Several mechanisms
have been proposed to modulate the ATP: NADPH production ratio, namely the water-water cycle (Mehler reaction), malate
valve, plastid terminal oxidase (PTOX), and cyclic electron flux (CEF) around Photosystem I. Using the firefly luciferase assay to
monitor ATP production during CEF, we discovered unexpectedly high rates of ATP export in intact chloroplasts (100 �mol ATP
-1
-1
mg Chl hr ), 25-fold higher than previously reported rates. Chloroplast intactness was assessed by monitoring rates of
membrane-impermeant ferricyanide reduction and phase contrast microscopy. In Arabidopsis, ATP transport across the plastid
inner envelope membrane has been proposed to be due to the ATP/ADP antiporters NTT1 and NTT2. Traditionally, NTT has
been thought to function as a nocturnal importer for cytosolic ATP into the chloroplast; our observation of apparent ATP export
in the light has novel biological ramifications which are likely to impact the plastid and cellular energy budget. Further work is
being conducted on the photosynthetic apparatus involved in the light-dependent reactions that produce ATP in the Arabidopsis
NTT1 and NTT2 mutant lines. We are also developing a cyanobacterial heterologous expression system for Arabidopsis
NTT1/2 to facilitate further characterization of the ATP export capability of these transporters.

454

LINKING CARBON SUPPLY AND NITRATE UTILIZATION IN ARABIDOPSIS

Femke de Jong* (John Innes Centre, UK), Michael Bevan (John Innes Centre, UK)
femke.dejong@jic.ac.uk
Plant growth is dependent upon the integration of supplies of key nutrients such as carbon from photosynthesis and minerals
taken up from the soil. The supply of these nutrients, such as glucose and nitrate, plays a centrally important and direct role in
regulating plant growth. Hexokinase1 (HXK1), which catalyses the first step of glucose utilization, has been proposed to function
as both a catalytic and signalling protein. We have identified a small set of nitrate uptake and assimilation genes whose sugar-
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responsive transcription depends specifically on the catalytic activity of HXK1. Using the Arabidopsis nitrate transporter 2.1
(NRT2.1), whose glucose response is impaired in gin2, we showed that xylose, shikimate and pyruvate, intermediates of the
oxidative pentose phosphate pathway (OPPP), can rescue NRT2.1 glucose response in gin2. This shows that the glucose
response of N-assimilation genes requires metabolism through the OPPP. Both nitrate uptake and growth are impaired in the
HXK1 mutant gin2, and these can be also be rescued. However analysis of NRT2.1 gene expression showed gin2 is not
affected in nitrate response. This establishes a transcriptional mechanism linking carbon supply and nitrate uptake and
utilization for growth. We are screening for mutants that alter the expression of nitrate uptake genes in Arabidopsis, and aim to
explore natural variation in nitrate uptake gene expression and growth in wheat to identify genes and germplasm with improved
nitrate utilization.

455

GRANGER CAUSALITY IN INTEGRATED GC- AND LC/MS METABOLOMICS DATA REVEALS THE INTERFACEDYNAMICS OF CENTRAL AND SECONDARY PLANT METABOLISM

Hannes Dörfler* (Department Molecular Systems Biology, University of Vienna, Austria), David Lyon (Department Molecular
Systems Biology, University of Vienna, Austria), Lena Fragner (Department Molecular Systems Biology, University of Vienna,
Austria), Thomas Nägele (Department Molecular Systems Biology, University of Vienna, Austria), Xiaoliang Sun (Department
Molecular Systems Biology, University of Vienna, Austria), Wolfram Weckwerth (Department Molecular Systems Biology,
University of Vienna, Austria)
Hannes.Doerfler@gmx.at
Metabolomics has emerged as a key technique of modern life sciences in recent years, along with other omics approaches like
genomics, transcriptomics and proteomics. The examination of the metabolism of higher plants is one major field of application
for metabolomic techniques. Plants possess a highly interconnected and regulated system of metabolic pathways, consisting of
biomolecules ranging from simple hydrocarbons to compounds with complex carbon structures and heteroatoms necessitating
the integration of different analytical techniques for metabolomic analysis. In order to investigate the interface of central and
secondary metabolism, we measured Arabidopsis thaliana leaf extracts from cold and light stressed plants over the course of 10
days in an combined approach with both GC-TOF-MS (central metabolism) as well as high resolution UPLC-Orbitrap-MS
(secondary metabolism). We observed anthocyanin induction in secondary metabolism deriving from key primary metabolism
compounds. By applying a novel toolbox for mathematical modelling and statistical Granger time-series analysis called COVAIN
we were able to detect (i) cold-induced steps of metabolic readjustment in primary metabolism, and (ii) metabolic interfaces
between primary and secondary metabolism during cold acclimation.
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THE ACR11 ENCODES A NOVEL TYPE OF CHLOROPLASTIC ACT DOMAIN REPEAT PROTEIN THAT IS
COORDINATELY EXPRESSED WITH GLN2 IN ARABIDOPSIS

Ming-Hsiun Hsieh* (Academia Sinica, Taiwan), Tzu-Ying Sung (Academia Sinica, Taiwan), Tsui-Yun Chung (Academia Sinica,
Taiwan), Chih-Ping Hsu (Academia Sinica, Taiwan)
ming@gate.sinica.edu.tw
The ACT domain, named after bacterial aspartate kinase, chorismate mutase and TyrA (prephenate dehydrogenase), is a
regulatory domain that serves as an amino acid-binding site in feedback-regulated amino acid metabolic enzymes. We have
previously identified a novel type of ACT domain-containing protein family, the ACT domain repeat (ACR) family, in Arabidopsis.
Members of the ACR family, ACR1 to ACR8, contain four copies of the ACT domain that extend throughout the entire
polypeptide. Here, we describe the identification of four novel ACT domain-containing proteins, ACR9 to ACR12. The ACR9 and
ACR10 proteins contain three copies of the ACT domain, whereas the ACR11 and ACR12 proteins have a putative transit
peptide followed by two copies of the ACT domain. We used protoplast transient expression assay to demonstrate that the
Arabidopsis ACR11- and ACR12-green fluorescent fusion proteins are localized to the chloroplast. Analysis of an ACR11
promoter-b-glucuronidase (GUS) fusion in transgenic Arabidopsis revealed that the GUS activity was mainly detected in mature
leaves and sepals. Coexpression analysis revealed that the GLN2, which encodes a chloroplastic glutamine synthetase, has the
highest mutual rank in the coexpressed gene network connected to ACR11. We used RNA gel blot analysis to confirm that the
expression of ACR11 and GLN2 is co-regulated by sucrose and light/dark treatments in 2-week-old Arabidopsis seedlings.
These results suggest that the ACR11 and GLN2 genes may belong to the same functional module. The Arabidopsis ACR11
protein may function as a regulatory protein that is related to glutamine metabolism or signaling in the chloroplast.

457

LEAFY COTYLEDON1 REGULATES Ω-3 POLYUNSATURATED FATTY ACID CONTENT OF ARABIDOPSIS SEED
OIL BY [LEC1-LIKE:NF-YC2:BZIP67]-DIRECTED TRANSACTIVATION OF FATTY ACID DESATURASE3

Smita Kurup* (Rothamsted Research, UK), Ana Mendes (University of Warwick, UK), Amélie A. Kelly (University of Warwick,
UK), Eve Shaw (University of Warwick, UK), Peter J. Eastmond (Rothamsted Research, UK)
smita.kurup@rothamsted.ac.uk
Arabidopsis seed maturation is associated with the deposition of storage oil rich in the ω-3 polyunsaturated fatty acid α-linolenic
acid (ALA). The synthesis of ALA is highly responsive to the level of FATTY ACID DESATURASE3 (FAD3) expression, which
increases dramatically during the latter stages of seed development. By screening mutants in LEAFY COTYLEDON1 (LEC1)inducible transcription factors (TFs) using fatty acid profiling, we discovered two mutants (lec1-like and bzip67) that have not
previously been reported to have a seed lipid phenotype. Both mutants share a reduction in seed ALA content and FAD3
expression. Using a combination of in vivo and in vitro assays we show that bZIP67 binds a G-box in the FAD3 promoter and
enhances FAD3 expression, but that activation is conditional on bZIP67 association with L1L and NF-YC2. Although FUSCA3
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and ABSCISIC ACID INSENSITIVE3 are required for L1L and bZIP67 expression, they do not participate directly in
transactivation of FAD3. We conclude that L1L, NF-YC2 and bZIP67 is induced by LEC1 during late embryogenesis and form a
complex that specifies high levels of ALA production by activating FAD3 expression.

458

ASCORBATE PEROXIDASE-RELATED (APX-R): A NEW COMPONENT IN THE PEROXIDE METABOLISM

Fernanda Lazzarotto* (Universidade Federal do Rio Grande do Sul, Brazil), Felipe Karam Teixeira (Universidade Federal do Rio
de Janeiro, Brazil), Sílvia Barcellos Rosa (Universidade Federal do Rio Grande do Sul, Brazil), Joaquim Albenísio da Silveira
(Universidade Federal do Ceará, Brazil), Felipe Maraschin (Universidade Federal do Rio Grande do Sul, Brazil), Rogério Margis
(Universidade Federal do Rio Grande do Sul, Brazil), Márcia Margis-Pinheiro (Universidade Federal do Rio Grande do Sul,
Brazil)
ferlazzarotto@hotmail.com
Peroxidases act reducing hydrogen peroxide into water, minimizing cell injury and modulating cell responses through hydrogen
peroxide signaling. We have identified a new heme-peroxidase encoding gene (Ascorbate Peroxidase-related or APx-R), which
is exclusively present in plants, from basal to vascular organisms. Unlike other peroxidases, APx-R is present as a single-copy
gene in all analyzed plant genomes. In rice, APx-R transcripts are modulated in response to aluminum, drought, UV radiation
and cold stresses. RNAi- APx-R silenced rice plants present a disturbed steady state of the antioxidant system in comparison to
untransformed plants. The results obtained from these experiments confirmed the participation of APx-R in the scavenging
machinery of peroxide in rice plants. In Arabidopsis thaliana APx-R is also present as a single-copy gene, even after the
occurrence of two duplication events involving its chromosomal region. The duplicated areas have a large extent of synteny with
the original chromosomal segment, suggesting that these duplication events occurred recently. However, we have failed in
finding relics of the APx-R gene in this duplicated segment, what suggests that the elimination of the extra-copies is a fast
process. In silico mining of published microarray data showed that APx-R expression in A. thaliana is almost constitutive
throughout plant development. However, this expression is significantly modulated upon biotic stress, chemical stress, hormone
treatment and cold and light stress. A coexpression gene network around APx-R was generated using ATTED-II database
which was mainly composed by nuclear-encoded chloroplastic genes, suggesting that the putative subcellular localization of
AtAPx-R is chloroplastic, as observed for rice APx-R. We are currently focusing on the characterization of loss- and gain-offunction A. thaliana APx-R mutant lines to access the importance of this unusual peroxidase for plant metabolism.

459

A PROTEIN OF THE UNKNOWNEOME SHOWS A SURPRISING METABOLIC TWIST

Ling Li* (Iowa State University, USA,) Eve Syrkin Wurtele (Iowa State University, USA)
liling@iastate.edu
Understanding of how plant composition is regulated has been elusive. The factors that regulate metabolism are key to
utilization of crops for improved plant composition and production of novel constituents, yet little is known concerning the
mechanisms controlling how much carbon flows to oil, starch, protein and other constituents. Recently we identified a regulatory
function in starch metabolism for Arabidopsis locus At3g30720 (QQS); transgenic lines with up- or down-regulated QQS
expression have a normal appearance but an altered starch content (Li et al., 2009), and a transcriptome with shifts in the
accumulation of specific transcripts. QQS is among the approximately 5-20% of gene models in eukaryotic genomes that
encode proteins that lack sequence homology with any known motifs (POFs, proteins with obscure features) and also are
species-specific (i.e., in the case of QQS, the primary sequence is recognizable in Arabidopsis ecotypes, but not identifiable in
any other sequenced species, including the closely related Brassica napus). Introduction of the Arabidopsis-specific QQS gene
to soybean results in decreased seed oil and carbohydrate, and increased seed protein. Thus, this species-specific POF can
affect composition in a non-native species. Iterative mutant generation and transcriptomics/metabolite profiling in Arabidopsis
reveal several other POFs as candidates in regulation of starch metabolism. Protein-protein interaction analysis has revealed
the QQS interactors. Taken together, the data indicate QQS as a novel regulator of plant composition, and begin to reveal the
skeleton of a previously undefined network in which QQS and other POFs participate.

460

PHOSPHATIDYLCHOLINE - DIACYLGLYCEROL INTERCONVERSION AND ACYL-EDITING ARE MAJOR
MECHANISMS FOR FATTY ACID MODIFICATION DURING TRIACYLGLYCEROL BIOSYNTHESIS IN ARABIDOPSIS
SEEDS

Chaofu Lu* (Montana State University, USA), John Browse (Washington State University, USA), Philip Bates (Washington State
University, USA), Anders Carlsson (Swedish University of Agricultural Sciences)
clu@montana.edu
Plant oils represent an important source of food and increasingly of renewable biofuels and materials. The fatty acid
composition of the triacylglycerols (TAG) is the determining factor for the value and uses of seed oils. Understanding the
mechanisms of TAG biosynthesis in seeds is therefore critical for effective engineering of plant oils with desired fatty acid
profiles. Our recent discoveries and new results have provided a greatly improved model of TAG biosynthesis in seeds.
Metabolic labeling experiments indicated that the majority of TAG is synthesized from diacylglycerol (DAG) that is derived from
phospatidylcholine (PC), the major site of fatty acid modification such as desaturation. Through mutant characterization,
bioinformatics and biochemical analyses, we discovered a previously unrecognized reaction catalyzed by a phosphatidylcholine
diacylglycerol cholinephosphotransferase (PDCT). This PC-DAG interconversion is responsible for 40% of 18:1 (oleic acid, the
major newly synthesized fatty acid) entering PC and for the resulting polyunsaturated fatty acids being incorporated into TAG.
Another important mechanism for 18:1 entering PC is through the exchange with the fatty acids on PC, a pathway known as
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acyl-editing. The labeling experiments showed that this is the major pathway for newly synthesized fatty acids entering PC. We
reason that the reverse reaction of the acyl-CoA:lyso-PC acyltransferases (LPCATs) are the primary candidates for acyl-editing,
and identified the T-DNA mutants for the two LPCAT genes. The single or double mutants of these LPCATs did not show
significant changes in their seed fatty acid profiles compared to wild type. However the double and triple mutants between
LPCATs and PDCT display dramatic changes, therefore confirming the roles of LPCATs in directing fatty acid fluxes through
PC. The PDCT and LPCATs collectively account for nearly 70% of 18:1 through PC during TAG biosynthesis in seeds.

461

MULTISITE PHOSPHORYLATION OF AN ARABIDOPSIS THALIANA BZIP TRANSCRIPTION FACTOR TRIGGERS
METABOLIC REPROGRAMMING

Andrea Mair* (University of Vienna, Austria), Andrea Simeunović (University of Vienna, Austria), Bernhard Wurzinger (University
of Vienna, Austria), Dorothea Anrather (University of Vienna, Austria), Katrin Dietrich (University of Wuerzburg, Germany), Lena
Fragner (University of Vienna, Austria), Jesús Vicente Carbajosa (Universidad Politécnica de Madrid, Spain), Johannes Hanson
(University of Utrecht, The Netherlands), Elena Baena-Gonzales (Instituto Gulbenkian de Ciência, Portugal), Christina Chaban
(University of Tuebingen, Germany), Wolfram Weckwerth (University of Vienna, Austria), Wolfgang Dröge-Laser (University of
Wuerzburg, Germany), Markus Teige (University of Vienna, Austria)
andrea.mair@univie.ac.at
Metabolic reprogramming plays an important role in the development of plants and their acclimation to changing environmental
conditions. This includes daily adjustments of metabolite levels in the diurnal cycle, dependent on energy and nutrient
availability, but also biotic and abiotic stress response. For example, salt and osmotic stress lead to accumulation of compatible
solutes to protect the plant at cellular level. Many stress conditions additionally challenge the plant by limiting its energy
availability, thus triggering metabolic changes in order to slow down growth to survive the unfavorable condition. The bZIP
(basic leucine zipper) transcription factor family is involved in many different biological processes in higher plants, such as seed
development, light signaling, but also in abiotic and biotic stress response. In our experiments we found that an Arabidopsis
thaliana bZIP transcription factor, involved in growth, abiotic stress response as well as metabolite regulation, is phosphorylated
at multiple sites and in an energy-dependent manner in vivo. By combining affinity purification, in-gel kinase assays and MS/MS
analysis we were able to identify the responsible protein kinases. These kinases are involved in different stress response
pathways. Notably, some of the phosphorylation sites are highly conserved in different plant species, indicating a general
function throughout evolution.

462

THE CGMP-DEPENDENT PROTEOME AND PHOSPHO-PROTEOME OF ARABIDOPSIS THALIANA

Claudius Marondedze* (King Abdullah University of Science and Technology, Saudi Arabia), Ludivine Thomas (King Abdullah
University of Science and Technology, Saudi Arabia), Kathryn Lilley (Cambridge Centre for Proteomics, United Kingdom),
Christoph Gehring (King Abdullah University of Science and Technology, Saudi Arabia)
Claudius.marondedze@kaust.edu.sa
Cyclic nucleotides are universal second messengers with key roles in many and diverse physiological responses and processes
in prokaryotes, and in both higher and lower eukaryotes. Guanosine 3’,5’-cyclic monophosphate (cGMP), the molecule of
interest here, has been implemented in a wide range of cellular and physiological processes in vertebrates and invertebrates, as
well as bacteria, fungi, and algae. In plants, growing evidence points to a central role of cGMP in physiological processes
including abiotic and biotic stress-response signaling, the gating of ion channels, light signal transduction and hormone signal
transduction. In this study, we investigated the effects of cGMP on the phosphorylation status of proteins. To this end, we used
a cell suspension culture of Arabidopsis thaliana and applied 10 µM of the cell permeable 8-Bromo-cGMP for different length of
time. Total protein was extracted by TCA/acetone precipitation and resolubilized in urea-thiourea based buffer. Proteins were
then separated by 2D gel electrophoresis and stained with Pro-Q Diamond for visualization of phosphoproteins and
subsequently with Sypro Ruby for detection of total proteins. The Delta 2D analysis software was used to compare gels from the
untreated and cGMP treated samples. A total of 127 phosphoproteins and 83 proteins were found responsive to the cGMP
treatment and were identified by LC-MS/MS. Functional categorization of these proteins will provide new insight into plant
signaling at the systems level.

463

PATHOGENS PERTURB HOST INTRACELLULAR NETWORKS TO CAUSE DISEASE

Shahid Mukhtar* (University of Alabama at Birmingham, USA), Arabidopsis Immune Interactome Consortium (University of
North Carolina at Chapel Hill, USA; Dana Farber Cancer Institute, USA, University of Warwick, UK)
smukhtar@uab.edu
Proteins are key components of plant cellular machinery, and most cellular functions are executed by modules of proteins
embedded in protein networks. Pathogens have evolved sophisticated mechanisms to perturb the intracellular networks of their
hosts to their advantage. Specifically, both inter- and intracellular pathogens deploy virulence effector proteins into host cells
that intimately rewire cellular pathways to modulate immune systems and maintain infectivity (Vidal et al 2011, The CELL).
Recently, we generated a plant-pathogen immune system protein interaction network using effectors from two pathogens
spanning the eukaryote-eubacteria divergence, three classes of Arabidopsis immune system proteins and ~8,000 other
Arabidopsis proteins (Mukhtar et al. 2011, Science). We analyzed the properties of immune interacting proteins (immune
interactors) found in our plant defense network using an experimentally derived scale-free network. An important measure of the
network topology is the distribution of the number of connections per node. We presented the data that immune interactors have
higher degree of distribution. We also demonstrated that immune interactors share the “small world property”, since they have a
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shorter path compared to non-immune proteins in a scale free network. Moreover, we also found that proteins interacting with
pathogens’ effectors are highly connected nodes (hubs). We noted convergence of effectors onto highly interconnected host
proteins, and indirect, rather than direct, connections between effectors and plant immune receptors. Given that hubs are
enriched with essential/lethal nodes (centrality and lethality principle), we demonstrated that the deletion of genes encoding
almost 90% of the tested hubs display disease-related phenotypes. Currently, experiments are underway to understand how
pathogen effectors mechanistically perturb communications among essential hubs to enhance virulence and establish disease.

464

MATHEMATICAL MODELLING AS A TOOL TO STUDY COMPREHENSIVE REPROGRAMMING OF METABOLISM
INDUCED BY ENVIRONMENTAL PERTURBATIONS

Thomas Nägele* (Department of Molecular Systems Biology, University of Vienna, Austria), Xiaoliang Sun (Department of
Molecular Systems Biology, University of Vienna, Austria), Hannes Dörfler (Department of Molecular Systems Biology,
University of Vienna, Austria), David Lyon (Department of Molecular Systems Biology, University of Vienna, Austria), Lena
Fragner (Department of Molecular Systems Biology, University of Vienna, Austria), Wolfram Weckwerth (Department of
Molecular Systems Biology, University of Vienna, Austria)
Thomas.Naegele@univie.ac.at
Due to their sessile lifestyle plants are exposed to a large set of environmental cues. In order to cope with changes in
environmental conditions which are typically of a spontaneous, stochastic, diurnal and seasonal manner, a multitude of complex
strategies to regulate metabolism has evolved. The complexity is mainly attributed to (i) highly interlaced regulatory circuits
between genes, proteins and metabolites, (ii) metabolic cycles, (iii) redundant pathways and (iv) a high degree of cellular
compartmentalization. The genetic model plant Arabidopsis thaliana is intensely studied to characterize adaptive traits to a
changing environment. Because regulatory instances of thousands of variables, which are involved in such interactions, are
hardly traceable by intuition, mathematical models and methods are the bottleneck for such approaches. In combination with
experimental high-throughput technologies a platform is presented to develop in silico models, which are not only able to
reconstruct but also to predict metabolic phenotypes of adaptation to a changing environment. We exemplify the usefulness of
such an approach by a new design of experimental, statistical and theoretical methods allowing for the coherent analysis of
primary and secondary metabolism in Arabidopsis thaliana during acclimation to low temperature using an integrated toolbox of
multivariate statistics and mathematical modelling called COVAIN. Our results provide insights into strategies of cold-induced
reprogramming of primary and secondary metabolism as well as the regulation at their interface.

465

NEOXANTHIN-DEFFICIENT 1 (NXD1) DEFINES A NEW FUNCTION IN CAROTENOID BIOSYNTHESIS IN PLANTS

Hadar Neuman* (Department of Genetics, Alexander Silberman Institute of Life Sciences, The Hebrew University of Jerusalem,
Israel), Navot Galpaz (Department of Genetics, Alexander Silberman Institute of Life Sciences, The Hebrew University of
Jerusalem, Israel), Dani Zamir (Department of Genetics, Alexander Silberman Institute of Life Sciences, The Hebrew University
of Jerusalem, Israel), Joseph Hirschberg (Department of Genetics, Alexander Silberman Institute of Life Sciences, The Hebrew
University of Jerusalem, Israel)
neuman.hadar@mail.huji.ac.il
Carotenoids carry out indispensable functions in photosynthesis, plant reproduction and plant development. In spite of the
significant progress made in our understanding of the carotenoid biosynthesis pathway, the synthesis of the xanthophyll
neoxanthin and its presumed roles as a precursor for the production of the phytohormone abscisic acid (ABA) have remained
concealed. We have isolated a novel recessive mutation in tomato (Solanum lycopersicum cv M82), NEOXANTHIN-DEFICIENT
1 (nxd1), which abolishes neoxanthin in leaves and flowers. ABA levels were unchanged in leaves of nxd1, even under drought
stress conditions, indicating that violaxanthin may be a sufficient precursor of ABA synthesis in tomato. The mutation nxd1 was
mapped to the tomato chromosome 12, and finally identified through fine genetic mapping and transcriptomics analysis of
leaves. A distinct point mutation, which interrupts normal splicing of the candidate gene, was identified in the nxd1 allele. Nxd1
is highly conserved in plants and algae. A reverse genetics approach confirmed that a mutation in the orthologous Nxd1 gene
in Arabidopsis thaliana disrupts the synthesis of neoxanthin. These results indicate that Nxd1 is essential for neoxanthin
formation in plants.

466

FUNCTIONAL GENOMICS OF NUCLEOTIDE SUGAR TRANSPORTERS IN ARABIDOPSIS

Carsten Rautengarten* (Joint BioEnergy Institute, USA), Berit Ebert (Joint BioEnergy Institute, USA), Joshua Haezlewood (Joint
BioEnergy Institute, USA), Henrik Vibe Scheller (Joint BioEnergy Institute, USA)
CRautengarten@lbl.gov
The matrix polysaccharides of plant cell walls are synthesized by glycosyltransferases that are located within the Golgi
apparatus. The sugar donor substrates for these enzymes are nucleotide sugars, most of which are synthesized in the cytosol,
and hence must be transported to the lumen of the Golgi apparatus. To better understand the mechanisms of plant cell wall
biosynthesis and in particular the role of nucleotide sugar transporters (NSTs) we performed a functional screen of potential
NSTs.
NSTs are presumed to be essential for the biosynthesis of non-cellulosic wall polysaccharides and glycosylation of proteins. A
number of proteins with transporter activity have been described, yet they account only for the transport of a few nucleotide
sugars. The identity of transporters for key nucleotide sugars like UDP-D-GlcA, GDP-L-Fuc, UDP-D-GalA, UDP-D-Xyl, and
UDP-L-Ara remains elusive. Here we present a functional genomics approach to identify further NSTs in Arabidopsis thaliana.
This approach includes the selection of putative NST candidates from a comprehensive study of the Golgi proteome and the
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generation and detailed analysis of corresponding knockout mutants as well as overexpressing and knockdown lines. Several
candidates arose with severe phenotypic alterations accompanied with differences in their cell wall monosaccharide
composition as well as nucleotide sugar levels. Transporter activity and protein interaction studies are underway to confirm their
function as NSTs and to uncover potential co-factors possibly determining specificities for certain nucleotide sugars.

467

INTEGRATING FLUCTUATING NITRATE UPTAKE AND ASSIMILATION RATES TO ROBUST CYTOSOLIC NITRATE
HOMEOSTASIS

Peter Ruoff* (University of Stavanger, Norway), Yongshun Huang (University of Stavanger, Norway), Tormod Drengstig
(University of Stavanger, Norway)
peter.ruoff@uis.no
Nitrate ion is an important nitrogen source used by plants. Despite of the considerable variation in the amount of soil nitrate
plants keep cytosolic nitrate at a homeostatic controlled level. Here we describe a set of network motifs and conditions that can
maintain cytosolic nitrate homeostasis even when external nitrate and assimilation levels fluctuate. The motifs divide into two
distinct operational classes we term as inflow and outflow controllers. In the presence of high amounts of environmental nitrate,
the function of outflow controllers is associated to efflux mechanisms removing excess of nitrate from the cytosol, which has
been taken up by low affinity transporters (LATS). Inflow controllers on the other hand maintain homeostasis when efflux-based
mechanisms are not functional, i.e., in the presence of low amounts of environmental nitrate. Inflow controllers appear to be
closely associated with nitrate uptake by high affinity transporters (HATS) and with transporters, which remobilize nitrate from a
vacuolar store. By combining inflow and outflow controllers it is shown how nitrate uptake, assimilation, storage and efflux can
be integrated to a regulatory network that maintains cytosolic nitrate homeostasis at changing environmental conditions. The
possible role of nitrate homeostasis to protect plant cells against nitrate-induced oxidative stress while still allowing variable
nitrate assimilation rates with respect to environmental conditions is discussed.
468

UBIQUITIN LIGASE ATL31 REGULATES 14-3-3 PROTEIN STABILITY IN RESPONSE TO C/N NUTRIENT STATUS

Takeo Sato* (Hokkaido University, Japan), Yu Lu (Hokkaido University, Japan), Shugo Maekawa (Hokkaido University, Japan),
Shigetaka Yasuda (Hokkaido University, Japan), Junji Yamaguchi (Hokkaido University, Japan)
t-satou@sci.hokudai.ac.jp
Nutrient availability, in particularly the balance of carbon (C) and nitrogen (N) is one of the most important factors for regulating
plant metabolism and development. However detailed mechanisms regulating C/N balance response are not well understood.
We previously revealed a novel ubiquitin ligase, ATL31, which functions in the C/N response in Arabidopsis thaliana (Sato et al.,
2009, Plant J). In addition, proteomics study with MS analysis demonstrated that 14-3-3 proteins are associated with ATL31 and
it was shown that ATL31 has ligase activity against 14-3-3 proteins for direct ubiquitination. Furthermore, the stability of 14-3-3
protein is regulated by C/N condition under ATL31 control (Sato et al., 2011, Plant J). Now we are further evaluating the
physiological function of 14-3-3 proteins in C/N response regulated by ATL31. The details of biochemical and phenotype
analysis of atl31 and 14-3-3 related mutants will be reported.

469

PLASTIDIAL OPPP ACTIVITY IS REQUIRED FOR NITRATE UPTAKE AND ASSIMILATION IN ARABIDOPSIS

Steven M. Smith* (ARC Centre of Excellence in Plant Energy Biology, The University of Western Australia, Australia), Olivier
Keech (UWA Australia and Umea Plant Science Centre, Sweden), Ricarda Fenske (UWA Australia), John D. Bussell (UWA
Australia)
steven.smith@uwa.edu.au
Sugars and the oxidative pentose phosphate pathway (OPPP) are strongly implicated in N assimilation although the relationship
between them has not been dissected genetically. When plants are fed with sucrose, expression of both OPPP and N
assimilation genes increases. To determine if expression of the N assimilation genes depends on sucrose per se or on its
metabolism through the OPPP, we isolated a mutant of the plastid-localised OPPP enzyme 6-phosphogluconolactonase 3
(6PGL3). When 6pgl3-1 was fed with sucrose, OPPP genes increased in expression but N assimilation genes did not. Thus,
sugar-dependent expression of N assimilation genes requires OPPP activity. Furthermore, levels of Gln, Glu and Asn were
extremely low in 6pgl3-1. Expression of many other genes of ion transport and amino acid metabolism were normal in 6pgl3-1
as were photosynthetic rates and efficiency, and levels of numerous primary metabolites. Thus the effect of the 6pgl3-1
mutation on N assimilation genes is specific, and not due to a general energy deficiency or toxicity problems associated with the
lack of plastidial 6PGL. We conclude that expression of specific nitrate assimilation genes in the nucleus is positively regulated
by a signal emanating from OPPP activity in the plastid.

470

BIRTH, SPECIALISATION AND DEATH OF MEMBERS OF THE THIOLASE GENE FAMILY IN PLANTS

Steven M. Smith* (ARC Centre of Excellence in Plant Energy Biology, The University of Western Australia, Australia), Andrew
A. G. Wiszniewski (UWA Australia), John D. Bussell (UWA Australia)
steven.smith@uwa.edu.au
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To determine the functions of the three peroxisomal ketoacyl-thiolase (KAT) genes in Arabidopsis thaliana we adopted a
functional genetic approach and studied their evolutionary history. The genes are annotated KAT1, KAT2 and KAT5 according
to their chromosomal location. KAT2 and KAT5 orthologues appear to be present in all land plants. Synteny analysis suggests
that segmental and whole chromosomal duplications have led to new KAT2 paralogues at different times in the history of land
plants, but there has not been strong selection pressure to retain them. KAT1 is an extant KAT2 paralogue in the Brassicaceae
family, but is accumulating point mutations much faster than the KAT2 gene, suggesting that it is under low selection pressure.
It is expressed at a very low level in Arabidopsis thaliana and knock-out mutants do not reveal any recognisable function. The
KAT2 gene is essential in fatty acid beta-oxidation and KAT5 is partly redundant with KAT2 but has distinct functions in
reproduction and seed development. KAT5 in Arabidopsis undergoes differential splicing to produce cytosolic and peroxisomal
protein isoforms. This cytosolic isoform appears to be a recent specialisation specific to the Order Brassicales. The peroxisomal
KAT5 protein participates in fatty acid metabolism in Arabidopsis thaliana but the function of the cytosolic form is unknown. Coexpression of KAT5 with genes of phenylpropanoid and flavonoid metabolism suggests a role in an aspect of secondary
metabolism specific to Brassicales.

471

PROTEIN PHOSPHATASE 2A AS A REGULATOR OF STRESS RESPONSES IN ARABIDOPSIS

Andrea Trotta* (University of Turku, Finland), Grzegorz Konert (University of Turku, Finland), Moona Rahikainen (University of
Turku, Finland), Eva-Mari Aro (University of Turku, Finland), Giovanni Finazzi (iRTSV CEA-Grenoble, France) Stéphane
Ravanel (iRTSV CEA-Grenoble, France) Saijaliisa Kangasjärvi (University of Turku, Finland)
andrea.trotta@utu.fi
Chloroplasts perform essential signaling functions in cellular networks that modulate various stress responses in plants. We
have taken a reverse genetic approach to identify components in the cross-talk of chloroplast signaling. Mutants deficient in
subunits of protein phosphatase 2A (PP2A) showed peculiar light-intensity-dependent phenotypes, and were chosen for further
analysis. A PP2A regulatory subunit B (namely PP2A-B’γ) was identified as a cytoplasmic component in the cross-talk between
light acclimation and disease resistance in Arabidopsis thaliana. Under moderate light intensity, knock-down pp2a-b’γ mutants
show disintegration of chloroplasts, premature yellowing and constitutive activation of salicylic acid and jasmonic acid
dependent defense responses. Promoter::GUS analysis indicates activity of PP2A-B’γ in patches that highly resemble the
yellowing on pp2a-b leaves. Genetic analysis suggests that PP2A-B’γ is functionally connected with CONSTITUTIVE
EXPRESSION OF PR GENES 5 (CPR5), which acts as a negative regulator disease resistance and senescence in Arabidopsis
leaves. Yeast two-hybrid screening for candidate PP2A-B’γ interacting proteins also identified components that operate on
defense-associated pathways. Moreover, the constitutive defense response associates with hypomethylation of DNA and
increased levels of methionine-salvage pathway components in pp2a-b’γ leaves. Consistent with the latter, an increase in the Sadenosyl-methionine/S-adenosyl-homocysteine ratio (methylation index) and accumulation of free methionine and threonine are
observed in pp2a-b’γ plants grown in moderate light but not in high light. Studies are underway to specify the mechanisms of
PP2A dependent modulation of methionine metabolism in the light of plant defense response.

472

NITROGEN TURNOVER OF THE PURINE RING SYSTEM: IDENTIFICATION OF UREIDE-DEGRADING ENZYMES
FROM ARABIDOPSIS AND SOYBEAN

Andrea K. Werner* (Freie Universitaet Berlin, Germany), Nieves Medina Escobar (Freie Universitaet Berlin, Germany), Monika
Zulawski (Freie Universitaet Berlin, Germany), Imogen Sparkes (Oxford Brookes University, UK), Claus-Peter Witte (Freie
Universitaet Berlin, Germany)
andrea.werner@fu-berlin.de
Plant growth is often limited by nitrogen availability in the soil. While plants depend on efficient nitrogen uptake, they also
require effective means to internally redistribute nitrogen during every stage of development. The purine degradation pathway
contributes to the nitrogen recycling in all plants. In tropical legumes it is also of central importance to the plants’ nitrogen supply
under nitrogen-fixing conditions. Those enzymes of this pathway that are directly involved in ammonia release from the purine
ring system in Arabidopsis and soybean were genetically identified and biochemically characterized by us. Metabolic analysis of
Arabidopsis mutants and soybean plants with down regulated genes by VIGS demonstrated that the identified nitrogen release
pathway from purines is operative in vivo. Bioinformatic comparisons showed that this pathway is conserved in all sequenced
plants and that it is also present in algae.

473

REGULATION OF INOSITOL PYROPHOSPHATE SIGNALING MOLECULES IN PLANTS

Phoebe Williams* (Virginia Polytechnic and State University, USA), Joonho Park (Virginia Polytechnic and State University,
USA), Imara Perera (North Carolina State University, USA), Victor Raboy (U.S. Department of Agriculture, USA), Glenda
Gillaspy (Virginia Polytechnic and State University, USA)
spwill@vt.edu
Myo-Inositol phosphates (InsPs) are critical signaling molecules used by eukaryotes, with roles in nutrient and abiotic stress
sensing/signaling. One subtype of these signaling molecules has pyrophosphate or diphospho- and triphospho- (PPx) moieties
at one or more positions on the inositol ring. These PPx bonds are high energy bonds and recent evidence indicates that these
signaling molecules play special roles in energy signaling in yeast. We have shown that plants synthesize large quantities of
InsPs and we have determined that PPx-InsPs are detected in seeds. Two groups of enzymes are responsible for the synthesis
and regulation of PPx-InsPs, VIP kinases and Nudix hydrolases (NUD). We have utilized existing DNA sequence information to
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predict which specific VIP and NUD genes function in Arabidopsis in regulation of PPx-InsPs. Since subcellular regulation of
pools of PPx-InsPs may be critical to their role as signaling molecules, we have been investigating the subcellular localization of
these regulatory proteins. Genes encoding VIP1, VIP2, NUD4, and NUD21 were cloned into vectors for expression of GFP
fusion proteins in plants. We used these constructs in both transient expression assays in Nicotiana benthamiana, and are
currently generating stable expression lines in Arabidopsis. VIP2 constructs for the full-length protein as well as the individual
domains, kinase and phosphatase, were analyzed for subcellular location. The full-length protein and the phosphatase domain
are localized to the endoplasmic reticulum (ER) while the kinase domain is nuclear. Parallel work to characterize VIP1 is
currently underway. NUD4 appears nuclear and chloroplastic while NUD21 forms discrete puncta associated with the
chloroplast and other portions of the cell. Co-localization with known marker proteins will be used to confirm these findings.
These localization patterns are the first step in determining where PPx-InsPs are synthesized and metabolized.

474

STEP BY STEP ELUCIDATION OF A METABOLIC ROUTE BY COMBINING BIOINFORMATICS, BIOCHEMISTRY
AND GENETICS: THE CATABOLISM OF PURINES IN ARABIDOPSIS AND SOYBEAN

Claus-Peter Witte*, Andrea Werner (Freie Universitaet Berlin, Germany), Kathleen Dahncke (Freie Universitaet Berlin,
Germany), Oliver Hauck (Freie Universitaet Berlin, Germany), Nieves Medina-Escobar (Freie Universität Berlin, Germany)
cpwitte@zedat.fu-berlin.de
Even for the best characterized model organisms, including Arabidopsis, the function of most genes and corresponding proteins
is not firmly established. A first step to elucidate gene function can be functional prediction by manual integration of all available
data for this gene and putative orthologs (from genomes via expression to crystal structures…). Such data is collected from a
multitude of data resources and needs to be evaluated with a biological mindset. Hypotheses about function are then
systematically tested using techniques of biochemistry and genetics in an integrated approach. The catabolism of purines is a
route of plant primary metabolism involved in nitrogen recycling and possibly abiotic stress responses. Several genes / enzymes
participating in this route have been discovered recently using an integrated approach such as described above. From the
purine nucleotides (AMP and GMP) the common intermediate xanthine is generated and then completely degraded in eight
enzymatic steps, releasing all purine ring nitrogen as ammonium for reassimilation. Significant progress has been made
particularly in our understanding of xanthine degradation in Arabidopsis. These findings now drive the discovery of xanthine
degradation in soybean – a species which fully relies on this catabolic route for nitrogen nutrition under nitrogen fixing
conditions. How xanthine is generated from the purine nucleotides in vivo, is still not well understood. A key deaminating
enzyme involved in this process is currently under investigation in our group. Genetic evidence indicates that in vivo plant purine
catabolism is channeled exclusively through guanosine. This finding is in contrast to the current model of purine nucleotide
degradation (which has emerged from decades of radiotracer studies) proposing that several independent pathways converge
on xanthine.
Posters: Development
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LIFE-HISTORY EVOLUTION WITHIN THE BRASSICACEAE

Maria C. Albani* (Max-Planck Institute for Plant Breeding Reasearch, Germany), Loren Castaings (Max-Planck Institute for Plant
Breeding Reasearch, Germany), Jörg Wunder (Max-Planck Institute for Plant Breeding Reasearch, Germany), Renhou Wang
(Max-Planck Institute for Plant Breeding Reasearch, Germany), Mathieu Reymond (INRA Centre de Versailles-Grignon,
France), George Coupland (Max-Planck Institute for Plant Breeding Reasearch, Germany)
albani@mpipz.mpg.de
An important question in evolutionary biology is how many reproductive events an organism can undergo during its life-time.
Annual species live for one year and set seeds and senesce after flowering. Perennial species live for many years and undergo
several cycles of flowering and vegetative development. Environmental cues regulate key stages in the plant life cycle and
modulate the transition from vegetative growth to flowering in both annuals and perennials. In perennials, environmental stimuli
also have an impact on the duration of the flowering episode and the degree of the return to vegetative development. Some
herbaceous species exhibit variation for the duration of the flowering episode, with closely related genotypes flowering either
seasonally (for a restricted period) or perpetually (continuously). Here we characterize variation in the perennial Brassicaceae
species, Arabis alpina, for differences in the duration of flowering season. We previously showed that the MADS box
transcription factor PERPETUAL FLOWERING 1 (PEP1), which is the orthologue of FLOWERING LOCUS C (FLC) in A.
thaliana, regulates flowering in response to vernalization and the return to vegetative development. We identified A. alpina
accessions that flower continuously without vernalization, which is a similar phenotype to the pep1 mutant plants. By
complementation studies and sequencing of PEP1 cDNAs we showed that these accessions carry mutant alleles of PEP1.
Further characterization of PEP1 showed that its locus contains a tandem arrangement of a full length and a partial PEP1 copy
which gives rise to two full length transcripts that are differentially expressed. Our work demonstrated that natural A. alpina
accessions exhibit two different life-histories, a seasonal flowering and a perpetual flowering. The perpetual flowering forms
have arisen multiple times by inactivation of the floral repressor PEP1.
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THE IMPACT OF MERISTEM REGULATION ON PLANT ARCHITECTURE DIVERGENCE: A NATURAL VARIATION
APPROACH.

Javier Agusti* (Gregor Mendel Institute, Vienna Austria), Arthur Korte (Gregor Mendel Institute, Vienna Austria), Martina
Schwarz (Gregor Mendel Institute, Vienna Austria), Magnus Nordborg (Gregor Mendel Institute, Vienna Austria), Thomas Greb
(Gregor Mendel Institute, Vienna Austria)
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javier.augusti@gmi.oeaw.ac.at
The post-embryonic establishment of meristems is crucial for higher plants for coping with the challenges of a sessile life-style.
The coordinated activity of these meristems is of fundamental importance for plant growth and survival because it allows the
alteration of plant architecture and morphology at any point during the life cycle. In the aerial part of the plant body, axillary
meristems (AMs) are responsible for the production of new shoot axes, the branches, from leaf axils. In addition, the activity of
the cambium, a lateral meristem, results in stem and root thickening in a process known as secondary growth. Based on our
observation that axillary meristems and the cambium are regulated by the strigolactone (SL) signaling pathway in opposite
directions, we hypothesize that the modulation of SL signaling has been instrumental during evolution for adapting plant
architecture to the requirements of different ecological niches. To support our hypothesis and to shed light on the genetic control
of post-embryonic meristems, the coordination of their regulation and the impact of this regulation on the modulation of plant
forms, we have quantified branch production and secondary growth in a large number of Arabidopsis thaliana accessions
collected from different geographical locations. Interestingly, preliminary results show a negative correlation between secondary
growth and branching. Employing genome-wide association (GWAS) mapping of the genetic basis of the phenotypic variations,
we are in the process of exploring whether variation in the regulation of branching and secondary growth correlates with
variation in strigolactone signaling. Taking advantage of the exceptional genetic tools of Arabidopsis thaliana, this approach has
the potential to reveal general concepts of the morphological evolution of plants.
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LIVING ON TRANSMEMBRANE SEGMENTS: ARABIDOPSIS ALBINO3 MUTANT DEPLETED OF ITS C-TERMIAL
COILED-COIL STRUCTUR SHOWS A CHLOROTIC PHENOTYPE AND SEVERE ALTERATIONS IN CHLOROPLAST
PROTEIN EXPRESSION

Elisabeth Ankele* (University of Munich, Germany), Sabine Nick (University of Munich, Germany), Jürgen Soll (University of
Munich, Germany)
elis.ankele@lrz.uni-muenchen.de
Protein import into thylakoid membranes requires substrate targeting, insertion or translocation mechanisms, assembly into
protein complexes in a stoichiometric manner plus stabilisation of these complexes. During the evolution of thylakoid
membranes, protein targeting machineries developed to fulfil this task. The recently identified Oxa1/YidC/Alb3 protein family
constitutes a class of proteins facilitating membrane protein insertion in chloroplasts, mitochondria and bacteria. Members of
this protein family are composed of five highly conserved transmembrane segments. Most of these proteins, like ALBINO3 of
Arabidopsis, possess an extended coiled-coil structured C-terminal sequence. Plants depleted of this structured domain
(alb3∆C) survive on soil although highly chlorotic and retarded in growth. This C-terminal sequence facilitates insertion of
LHCPs into thylakoid membranes. Therefore, we were highly surprised when we detected LHCPs nearly at wild-type level in
plants grown at low light conditions. Characterizing the protein complex composition of the photosynthetic apparatus we noticed
that none of the subunits seemed to be missing only their concentrations were highly reduced. Chlorophyll and carotenoids are
reduced as expected from the mutant’s phenotype. Surprisingly we found concentrations of many stroma-located proteins
altered. Analyzing the only two proteins increased in the mutant it turned out that carbohydrate enzymes are changed. On one
hand activity of GAPDH and PGK is higher; on the other hand no starch is produced in the mutant. Taken together it seems that
depletion of the C-terminal sequence results in a more severe effect on enzymatic activities than on the formation of
photosynthetic complexes. However, crucial is the insertion of the five transmembrane segments into thylakoid membranes
because albino3 knock-out plants are not viable.
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CELL ELONGATION IN THE EARLY EMBRYO IS FACILITATED BY THE APOPLASTIC POLYGALACTURONASE
NIMNA

Martin Bayer* (Max Planck Institute for Developmental Biology, Germany), Yashodar Babu (Max Planck Institute for
Developmental Biology, Germany), Agnes Henschen (Max Planck Institute for Developmental Biology, Germany)
martin.bayer@tuebingen.mpg.de
The impact of parentally provided factors on fertilization and early embryogenesis in plants is poorly understood. Recently, we
described the Pelle/IRAK-like cytoplasmic kinase SHORT SUSPENSOR that links the onset of embryogenesis with the
fertilization event by a novel parent-of-origin effect. To identify further mutations with similar effect on early embryogenesis, we
conducted a forward genetic screen for paternal effect mutations. While the majority of mutations that could be found disturbs
fertilization and therefore presumably comprises gametophytic mutations, we were able to identify a small subset that directly
affects embryogenesis. Here, we describe a mutant with reduced elongation of the zygote and shorter suspensor cells. Because
of the position of the embryo within the seed, we called the corresponding gene NIMNA after the Sanskrit word for “sunken” or
“low”. NIMNA codes for an apoplastic polygalacturonase presumably involved in cell wall modifications. Haploinsufficiency of
NIMNA reveals a predominant role of the paternal allele in cell elongation of suspensor cells.
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THE DEVELOPMENTAL TRAJECTORY OF ARABIDOPSIS FLOWERS

Anke Bellaire* (University Vienna, Dept. Structural and Functional Botany, Austria), Till Ischebeck (University Vienna, Dept.
Molecular Systems Biology, Austria), Isabel Weingartner (University Vienna, Dept. Molecular Systems Biology, Austria), Yannick
Städler (University Vienna, Dept. Structural and Functional Botany, Austria), Jürg Schönenberger University Vienna, Dept.
Structural and Functional Botany, Austria), Wolfram Weckwerth (University Vienna, Dept. Molecular Systems Biology, Austria)
anke.bellaire@univie.ac.at
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The analysis of morphological and metabolic dynamics of flower development and silique formation is important to understand
the mechanism of reproduction of angiosperms. To accomplish this goal, we analyzed various stages of flower development of
Arabidopsis thaliana with SEM, light microscopy and micro computer tomography (microCT). Complementary to these
measurements we analyzed the metabolites present in different stages of Arabidopsis thaliana flowers and siliques by gas
chromatography coupled to time of flight mass spectrometry. In order to get a synchronized inflorescence, we used an
Arabidopsis double mutant of the genes ap-1 and cal-5, both initiating flowering. Based on these results we visualized the
metabolic trajectory of flower development. From our findings we could conclude that the days 0-14 were dedicated for blossom
arising, whereas the days 18-27 were occupied with silique formation, while day 16 seemed to be a transition phase. These
data were compared with morphological changes.
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FUNCTIONAL CHARACTERIZATION OF THE TRANSLATIONALLY CONTROLLED TUMOR PROTEIN, A
CONSERVED MITOTIC GROWTH INTEGRATOR IN ANIMALS AND PLANTS

Mohammed Bendahmane* (Laboratoire Reproduction et Développement des Plantes {RDP}, France), Barbara Wippermann
(RDP, France), Florian Brioudes (RDP, France), Thomas Girin (RDP, France), Anne-Marie Thierry (RDP, France), Pierre
Chambrier (RDP, France), Bertrand Mollereau (Laboratoire de Biologie Moléculaire et Cellulaire, France), Judit Szécsi (RDP,
France)
mohammed.bendahmane@ens-lyon.fr
In both the animal and plant kingdoms, body size is a fundamental yet poorly understood attribute of biological systems.
Attaining the correct body size is one of the most rigorous demands of multicellularity, that requires the precise coordination of
multiple developmental processes such as cell proliferation, cell growth and programmed cell death to allow the ultimate
differentiation into functional organs and tissues. However, the mechanisms and regulatory networks that control these
processes remain largely unknown. In this context, we addressed the biological role of translationally controlled tumor protein
from Arabidopsis (AtTCTP). TCTP is a conserved protein found in both animals and plants which expression was associated
with several biochemical and cellular functions. Loss-of function mutants are lethal both in animals and in plants making the
identification of its role difficult. Indeed, we demonstrated that disruption of TCTP leads to embryo lethality in Arabidopsis and
this lethality is a consequence of delay in embryo development. However, by supplying Arabidopsis embryos loss of function for
AtTCTP with nutriments, we were able to generate plants that were full knockout for TCTP. Thus, we provided the first viable
adult knockout for TCTP that helped addressing its biological role during organ development. Using this TCTP knockout line in
parallel with TCTP over-expression and RNAi-AtTCTP lines, we demonstrated that plant AtTCTP regulates organ (ie. leaf)
growth by controlling cell proliferation. More precisely, plant AtTCTP is a positive regulator of mitotic growth by specifically
controlling the duration of the cell cycle. Moreover, our data provide evidence that TCTP function is conserved between plants
and animals and, thus, it is part of a conserved growth regulatory pathway. Interestingly plant AtTCTP does not control cell
expansion conversely to animal counterpart. Recent data on the TCTP pathway to control organ growth will be discussed.
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IDENTIFYING THE SIGNALING NETWORK THAT REGULATES ROOT STEM CELL HOMEOSTASIS

Barbara Berckmans* (Institute for Developmental Genetics, Heinrich-Heine-University, Düsseldorf, Germany), Yvonne Stahl
(Institute for Developmental Genetics, Heinrich-Heine-University, Düsseldorf, Germany), Rüdiger Simon (Institute for
Developmental Genetics, Heinrich-Heine-University, Düsseldorf, Germany)
Barbara.Berckmans@uni-duesseldorf.de
In Arabidopsis thaliana, both the root and the shoot meristems provide a balance between stem cell (SC) maintenance and cell
differentiation. Although both meristems are structurally different, there is a remarkable overlap in the molecular regulation
mechanism. The niches of the shoot and root meristem, the organizing centre (OC) and the quiescent centre (QC), express
WUSCHEL (WUS) and WUSCHEL RELATED HOMEOBOX 5 (WOX5), respectively. WUS and WOX are functional related
homeobox genes, both promoting SC identity in the surrounding cells. In the shoot a negative feedback loop exists where the
stem cells (SCs) secrete the peptide CLAVATA3 (CLV3) which is bound by the extracellular domain of the receptor-like kinase
CLAVATA1 (CLV1), resulting in the repression of WUS. WUS protein itself is moving from the OC to the SCs where it activates
CLV3 expression non-cellautonomously, creating a fine-tuned balance between SC maintenance and cell differentiation inside
the shoot meristem. CLE40, a peptide closely related to CLV3, promotes SC differentiation in the root. WOX5 is a downstream
target of CLE40, since addition of CLE40 peptide results in a reduction of WOX5 expression. ARABIDOPSIS CRINKLY4
(ACR4), a transmembrane receptor kinase, is necessary for perceiving the CLE40 signal. acr4 mutant plants show an increased
number of columella stem cells (CSCs) comparable to cle40 mutant roots. This data indicate that a similar pathway is
responsible as well for the organization of the root apical meristem. Although it is clear that maintaining stem cells niches is
achieved by extracellular signaling and cell-cell communication, it is still not understood how cells communicate with each other
in order to fine tune the balance between proliferation and differentiation. Our goal is to stepwise fill the gap by connecting
known regulators and identifying new regulators.
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NOVEL FAMILY OF PUTATIVE AUXIN TRANSPORTERS REGULATE APICAL HOOK DEVELOPMENT IN
ARABIDOPSIS THALIANA

Chloé Béziat* (Department for Applied Genetics and Cell biology; BOKU, Vienna), Elke Barbez (Department for Applied
Genetics and Cell biology; BOKU, Vienna and Department of Plant System Biology; VIB, Ghent), Monika Debreczeny (VIBT
Imaging Center; BOKU, Vienna), Jürgen Kleine-Vehn (Department for Applied Genetics and Cell biology; BOKU, Vienna)
chloe.beziat@boku.ac.at
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The plant hormone Auxin plays a crucial role in regulating plant growth and development including root patterning, organ
formation and growth responses to environmental stimuli. We identified novel putative auxin carriers (designated PILS proteins)
that are localized at the endoplasmic reticulum and regulate intracellular auxin accumulation. PILS activity leads to conjugationbased reduction of free (active) auxin levels and subsequently limits cellular auxin signalling. Here we show PILS involvement in
environmentally controlled apical hook development. The apical hook of dark grown Arabidopsis seedlings is a structure, which
develops soon after the germination to protect the meristem during the emergence of the seedling from the soil. Intercellular,
polar auxin transport instructs asymmetric distribution and fluctuations of auxin, which is necessary to regulate the apical hook
development. PILS putative auxin carriers show stage dependent expression during apical hook development. To monitor
accurately the duration of the three sequential steps of hook development a real time system based on infrared camera is used.
Our study reveals that PILS gain-of-function have shorter maintenance and an early opening phase compared to the hook
kinetics of wild type. On the contrary, pils loss-of-function mutants have a longer maintenance phase and delayed hook opening.
This data suggest a PILS function in the regulation of apical hook opening, which in agreement with our PILS expression data.
The apical hook-opening phase correlates with reduction in auxin signalling, which is compromised in the pils loss of function
mutants. This data set indicates that intracellular auxin transport is required to spatially deplete auxin during apical hook
opening.
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INVOLVEMENT OF GIBBERELLIN-INDUCIBLE CLE6 IN SHOOT AND ROOT GROWTH IN ARABIDOPSIS

Haniyeh Bidadi* (University of Tsukuba, Japan), Kimiyo Sage-Ono (University of Tsukuba), Keita Matsuoka (University of
Tsukuba), Jun Fukushima (University of Tsukuba), Masashi Asahina (Teikyo University, Japan), Shinjiro Yamaguchi (RIKEN,
Institute of Physical and Chemical Research, Japan), Shinichiro Sawa (Kumamoto University, Japan), Hiroo Fukuda (University
of Tokyo, Japan), Yoshikatsu Matsubayashi (National Institute for Basic Biology, Japan), Michiyuki Ono (University of Tsukuba),
Shinobu Satoh (University of Tsukuba)
hany_bee57@yahoo.com
Small peptides are involved in plant development as local signals, but few studies have examined their possible roles in
phytohormone signaling. Here, we show that CLE6, a small peptide encoded by a member of the CLAVATA/ESR-RELATED
(CLE) genes, works as a long-distance signal downstream of gibberellic acid (GA). First, to investigate the long-distance effect
of GA, a bioactive GA was applied to the shoot apex of the GA-deficient mutant ga3ox1/ga3ox2, which led to recovery of root
dwarfism. Next, microarray analysis was used to identify root-expressed genes responsive to systemic GA, and CLE6 was
selected for further analysis. Gene expression analysis revealed high CLE6 expression in roots at the young seedling stage
followed by a modest peak at the bolting stage. There was strong expression in hypocotyls and roots, especially in root stele
cells at branch points. Application of CLE6 had no obvious effects on the growth and development of GA-deficient mutant
plants, but ectopic overexpression of CLE6 promoted root growth and branching, petiole elongation, bolting rate, and stem
length, showing that CLE6 expression could partially compensate for the GA deficiency. Reciprocal grafting at the hypocotyls
between GA-deficient mutant plants and a 35S::CLE6 transformant restored both the shoot and root phenotypes of GA
deficiency, demonstrating the systemic effects of the CLE6 signal. These data suggest that GA function in organ growth is
partially mediated by systemically delivered CLE6 in Arabidopsis.
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CHARACTERIZATION OF REDUNDANT E CLASS GENES DURING FLORAL ORGAN FORMATION IN A. THALIANA

Sandra Biewers* (University of Leeds, UK), Dr. Chiara Airoldi (University of Leeds, UK), Brendan Davies (University of Leeds,
UK)
bssmb@leeds.ac.uk
The four Arabidopsis SEPALLATA genes (SEP1-4) belong to the Type II MADS-box transcription factor family and are thought
to act redundantly. They are required for the specification of all four floral organs, meristem identity, fruits, seeds and ripening.
Proteins of this gene family interact with other ABCD MADS box proteins by forming multimeric complexes and bind to target
genes to regulate their transcription. SEP proteins are described as “bridges” that mediate the formation of quartet complexes
specifying floral organ identity. Single and double mutants of SEP genes yield flowers that are indistinguishable from wild type
flowers. In the Arabidopsis thaliana triple loss of function mutant (sep1sep2sep3) all petals, stamens and carpels are converted
into sepal like organs (Ditta, 2000). In the sep1sep2sep3sep4 quadruple mutant, flower organs are converted into vegetative
leaf like organs, revealing the important function of SEP4 in sepal development. (Pelaz, 2004). The SEP genes therefore are
necessary for plant reproduction. The different phenotypic consequences of single and double sep mutants and their enhanced
sensitivity to environmental conditions suggests independent roles for individual SEP genes and a joint contribution to the
robustness of the flowering process. To examine the way in which the SEP genes work together and independently we are
currently identifying their target genes and comparing their expression in WT and mutant flowers.
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USING QUANTITATIVE LARGE-SCALE PHENOTYPING TO UNCOVER NOVEL GENE REGULATORY NETWORKS
IN ROOT DEVELOPMENT

Wolfgang Busch* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Christian Göschl (Gregor Mendel Institute of
Molecular Plant Biology, Austria), Mónica Meijón (Gregor Mendel Institute of Molecular Plant Biology, Austria), Takehiko Ogura
(Gregor Mendel Institute of Molecular Plant Biology, Austria), Santosh Satbhai (Gregor Mendel Institute of Molecular Plant
Biology, Austria), Radka Uhlířová (Gregor Mendel Institute of Molecular Plant Biology, Austria)
wolfgang.busch@gmi.oeaw.ac.at
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Gene regulatory networks govern developmental processes. Identifying the components of such networks and their interactions
is a central challenge of systems biology. Due to its simple structure and mode of development, the root of Arabidopsis thaliana
has emerged as a model for such questions. To date, it is one the organs with the highest resolution of cell-type specific
molecular data. While it would be highly beneficial to have a large-scale collection of quantitative phenotypes of genetically
distinct roots to complement these data and to facilitate broad scale genotype to phenotype studies, there haven’t been such
efforts yet. Nevertheless, this would be an excellent starting point for approaches of systems biology to generate and test
models about gene regulatory networks. We have established two phenotyping pipelines based on automated imaging and
analysis of early root development that yields highly reproducible and accurate phenotypic data. The first approach uses CCDscanners to generate time-course measurements of root growth and topology at the organ level scale. The second method is
based on automated laser confocal microscopy and yields in biometric measurements of the dimensions of individual cells and
cell types, as well as developmental zones. We have used these pipelines to quantify the natural variation of early root
development for more than 200 accessions in multiple conditions. Having such a large, quantitative dataset we were able to
uncover surprising relations between meristem size, progression of cell expansion and cell length. Furthermore, we conducted
genome wide association (GWA) mapping and identified several candidate genes that showed expression patterns consistent
with a role in root growth and development. Notably, by phenotypic analyses of independent T-DNA insertion lines for one of our
candidate genes, we obtained strong evidence that this gene is involved in vasculature differentiation.
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DISSECTING THE IDA SIGNALING PATHWAY CONTROLLING CELL SEPARATION DURING FLORAL
ABSCISSION

Melinka A. Butenko* (University of Oslo, Norway) Mari Wildhagen (University of Oslo, Norway)), Marcus Albert (University of
Tübingen, Germany), Chun-Lin Shi (University of Oslo, Norway), Georg Felix (University of Tübingen, Germany), Reidunn B.
Aalen (University of Oslo, Norway)
m.a.butenko@imbv.uio.no
Peptide ligands play an important role in the coordination of plant growth and development. INFLORESCENCE DEFICIENT IN
ABSCISSION (IDA) encodes a peptide ligand necessary for the regulation of floral organ abscission in Arabidopsis. IDA is
dependent on the two receptor-like kinases (RLK) HAESA (HAE) and HAESA-LIKE 2 (HSL2) to exert its function (Stenvik et al.,
Plant Cell, 2008, Cho et al., PNAS, 2008). A recent revertant screen identified the KNOX genes KNAT1/BP, KNAT2 and KNAT6
as downstream components of the IDA signaling pathway. A model was proposed where the activated receptors induce a
phosphorelay though MAP kinases (Cho et al., PNAS, 2008) that ultimately suppresses KNAT1 which in turn allows KNAT2 and
KNAT6 to induce genes involved in the regulation of floral organ abscission (Shi et al., Plant Cell, 2011). Additional components
of the signaling system are expected to be identified by whole genome sequencing of the remaining revertant lines
encompassing mutations rescuing the floral abscission deficiency of the ida mutant. IDA belongs to a larger protein family that
together compromises the IDA-LIKE (IDL) proteins that share a common C-terminal domain, the EPIP domain, which contains
the functional peptides. Recent studies suggest that the active peptide is post transcriptional modified. Here we will present
interaction studies showing that modified peptides are capable of interacting with one of the RLKs, substantiating that these
proteins form a peptide-receptor system regulating cell separation in abscission zones.
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MANIPULATION OF AUXIN SIGNALING THROUGH AN IRREPRESSIBLE VARIANT OF AUXIN RESPONSE
FACTOR 5/MONOPTEROS

Adriana E. Caragea* (University of Toronto, Canada), Naden T. Krogan (Salk Institute for Biological Studies, USA), Wenzislava
Ckurshumova (University of Toronto, Canada), Danielle Marcos (University of Toronto, Canada), Thomas Berleth (University of
Toronto, Canada)
adriana.caragea@utoronto.ca
Combinatorial interactions of AUXIN RESPONSE FACTORs (ARFs) and Aux/IAA proteins play a central role in the regulation of
auxin response. Short-lived Aux/IAA proteins negatively regulate ARF activity through physical interaction, mediated by shared
domains III and IV. As a new tool to explore the systems properties of this regulatory network, we generated a gain-of-function
ARF genotype by eliminating domains III and IV from the functionally well-characterized ARF MONOPTEROS (MP)/ARF5. This
truncated version of MP, termed MPD, rescued the mp loss-of-function mutant, but also displayed a number of semi-dominant
traits affecting auxin signaling and organ patterning. In the absence of auxin application, the expression levels of many auxininducible genes were increased. Conspicuously, MPΔ leaves were narrow, pointed and filled with dense parallel veins. This
phenotype originated from de-regulated expression domains of PIN1, which remained unusually wide and recruited an
inappropriately large fraction of leaf ground meristem cells into the midvein. An inducible variant of MPΔ allowed for the
identification of direct target genes in the control of cell proliferation and temporal dissection of its influence on leaf
development. A screen for suppressors of the MPΔ phenotype identifies downstream effectors of MPΔ action genetically.
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IDENTIFICATION OF SMALL MOLECULES AFFECTING ARABIDOPSIS VASCULAR PATTERNING

Francine Carland* (Yale University, USA), Andrew DeFries (UC Riverside, USA), Sean Cutler (UC Riverside, USA), Timothy
Nelson (Yale University, USA)
francine.carland@yale.edu
To identify small-molecule effectors of foliar vein patterning regulators, particularly those with redundant gene function, we
screened 5500 compounds from LATCA and additional chemical libraries. Compound-induced vein pattern phenotypes were
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classified according to defects such as delayed vein differentiation, open vein patterns, hyper- and hypovascular systems,
misshapen or misaligned vascular cells, and broad marginal veins indicative of auxin transport inhibition. Individual active
compounds produced distinct phenotypes as characterized by cell biological and physiological methods using hormone
signaling mutants and reporter systems, suggesting that the compounds affect distinct targets. Through structural similarity
searches, we found that several compounds active in plant vein patterning bioassays were independently identified as active in
mammalian systems. We are pursuing two such compounds that convert the closed vascular reticulum of Arabidopsis into an
open system. One compound possibly targets a modifier of PP2A, which has been implicated in BR signaling and PINmediated auxin transport. A second compound may inhibit a specific subset of MAP3K. Our results suggest that smallmolecule-induced vein pattern modifications are associated with additional but distinct hormonal alterations due to either
hormone cross talk or disruption of multiple gene family members.
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A GENE-TRAP BASED SCREEN FOR NOVEL COMPONENTS AFFECTING GROWTH IN ARABIDOPSIS

Giulia Castorina* (University of Milan, Italy), Massimo Galbiati (University of Milan, Italy), Chiara Tonelli (University of Milan,
Italy), Lucio Conti (University of Milan, Italy)
giulia.castorina@unimi.it
Plant growth is the result of a coordinated process of cell division and elongation in response to endogenous and external
signals. Progresses are being made in defining the signalling components underpinning the process of growth, the coordination
of which contributes to several adaptive responses. Nonetheless, many aspects of growth control remain poorly understood.
Hypocotyl elongation is a superb model to unravel the genetic and physiological basis for growth responses. We utilised a
Gene-Trap - approach to identify hypocotyl-specific (HS) patterns of gene expression, reflecting the presence of the GUS
reporter in a particular genetic contest. The study of HS patterns combined with molecular genetic analysis allowed to identify
three promising candidates genes dubbed BHYP (Blue Hypocotyl) likely to play a role in hypocotyl growth and development. In
particular, BHYP1 is expressed at the base of the hypocotyl and belongs to the armadillo-type fold family proteins (ARM). ARM
proteins have versatile roles in plant biology, being involved in ubiquitination, actin cytoskeleton organization and signalling.
Transient expression of the BHYP1:YFP fusion protein in N. Benthamiana suggests an endoplasmic reticulum localization. As
bhyp1 single mutants do not present obvious phenotypes, gain-of-function alleles and higher order mutants are being generated
to break-down redundancy with likely BHYP1 homologues. The potential role for BHYP1 in regulating hypocotyl growth will be
discussed.
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DEVELOPMENTAL AND SUB-CELLULAR DISTRIBUTIONS OF GENE PRODUCTS ASSOCIATED WITH POLLENSTIGMA INTERACTION AND EARLY POLLEN-TUBE GROWTH

John Chan* (Agriculture Canada, Canada), Jessica Jaja (University of Ottawa, Canada), Madeleine Lévesque-Lemay
(Agriculture Canada, Canada), Denise Chabot (Agriculture Canada, Canada), Robert Laurian (Agriculture Canada, Canada)
chanjo@AGR.GC.CA
The interaction of pollen and stigma starts a cascade of molecular and physiological events which results in fertilization of the
megaspore. There are a variety of mechanisms such as self-incompatibility (SI) which exist as evolutionary mechanisms to
promote greater genetic variance in a species. Some of these elaborate SI mechanisms have been well characterized, however
there is still a dearth of knowledge regarding the molecular events and components that participate in the early events of
pollination. Using the model organism Arabidopsis thaliana we compiled in silico data reported by other groups to identify
several male gametophyte-associated candidate gene products that may be involved in the initial events of pollination. We
have initially chosen to concentrate on characterizing three of these candidate genes. Gene fusions were created with citrine as
the fluorescent label and the development sub-cellular distributions of these fusion proteins were determined utilizing laserscanning confocal microscopy and Western blot immune-detection. Caleosin (At1g23240) is expressed in the tapetal layer of
the anther and released into the anther locule as a component of tapetosomes which are deposited onto the surface of maturing
pollen as tryphine. The other two genes (At3g20190, At3g21920) encode protein kinases with different subcellular distribution
patterns in both the mature and germinating pollen. We have utilized fluorescence recovery after photo-bleaching (FRAP) to
show that the product of At3g21920 is localized to the site of pollen tube emergence, whereas At3g20190 is accumulated on the
wall of the growing pollen tube. We are also using immune-localization in TEM to better elucidate the association of these gene
products to fine sub-cellular structures.

491

CORRELATION BETWEEN PLANT DEVELOPMENT, ROOT EXUDATION AND RHIZOSPHERE MICROBIOLOGY

Jacqueline Chaparro* (Colorado State University, USA), Dayakar Badri (Colorado State University, USA), Matthew Bakker
(Colorado State University, USA), Akifumi Sugiyama (Kyoto University, Japan), Daniel Manter (USDA-ARS, USA), Jorge
Vivanco (Colorado State University, USA)
jmc378@rams.colostate.edu
Roots constantly secrete compounds which act as signaling molecules to interact with their neighbors. Secretion of these
compounds varies between different plant species, roots within species, and even distinct roots within a plant. It is widely
believed that root exudate composition changes depending upon the plant developmental stage, but there is no conclusive
evidence to prove this. Here, we provide evidence to show that root exudate secretion varies at different developmental stages
using the model plant Arabidopsis thaliana. Arabidopsis wildtype plants were grown in vitro; the root exudates were collected at
different developmental stages and analyzed using GC-MS. In total, 107 compounds were detected after normalization.
Principle component analysis (PCA) revealed that the compositions of root exudates vary at each developmental stage.
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Identified compounds were further categorized based on their chemical nature (i.e. sugars, amino acids, sugar alcohols and
phenolics) and it was found that the cumulative secretion levels of sugars and sugar alcohols were higher in the vegetative
stage and decreased in the reproductive stage. On the contrary, the cumulative secretion levels of amino acids and phenolics
gradually increased in the reproductive stage, as compared to the vegetative stage. We also examined the expression of genes
involved in biosynthesis and transportation processes. This revealed that the gene expression results are in agreement with the
root exudate patterns. Root exudates are known to act as substrates and signaling molecules for the soil microbial community.
Using next generation 454 pyrosequencing we analyzed both the functional and taxonomic identity of the rhizosphere microbial
community at each stage of plant development to determine whether the changes in root exudation correlates with changes in
the plants’ rhizosphere microbial community.

492

KD616 ENCODES AN ARMADILO PROTEIN AND IS ESSENTIAL FOR EMBRYO DEVELOPMENT IN ARABIDOPSIS

Li-Qun Chen* (China Agricultural University, China), Wei Wang (China Agricultural University, China)，Ying Yang (China
Agricultural University, China)，Yang-Yang Liu (China Agricultural University, China), De Ye (China Agricultural University,
China)
chenliqun@cau.edu.cn
In higher plants, embryogenesis is the initial stage of sporophytic development. The process is under strict regulation of the
embryo-related genes. In Arabidopsis, more than 500 genes have been predicted to be involved in the regulation of
embryogenesis, of which only a minority have been studied in detail. Here we report the identification and characterization of a
novel Arabidopsis gene KD616 involved in embryogenesis. KD616 is a single copy gene in Arabidopsis and encodes an
unknown protein with an armadillo repeat domain in its C-terminal region. The mutations in the gene, which are caused by the
insertions of the gene- and enhancer-trap Ds transposon, lead to embryonic defect. In particular, the embryogenesis process in
the kd616-1 mutant is arrested at the two-cell stage, and in the kd616-2 mutant is arrested at the globular stage.
Complementation tests demonstrated that the phenotype of embryonic defect in kd616 -1 and kd616-2 mutants can be rescued
by the genomic sequence and the CDS sequence of the KD616 gene. These results imply that the KD616 gene plays an
important role in embryogenesis. GFP fusion protein assay indicated that KD616 protein is localized to cytoplasm and
perinuclear region. Bimolecular fluorescence complementation (BiFC) assay revealed that KD616 tends to form homopolymer.
The GUS histochemical assay showed that KD616 gene is expressed in most of tissues, and highly expressed in those tissues
composed of the actively-dividing cells, such as root tip and embryo. We are trying to identify the interacted proteins of KD616
by Y2H and TAP (tandem affinity purification) methods to understand the function of KD616.

493

FUNCTIONAL STUDY OF THE BRC1 TRANSCRIPTION FACTOR OF ARABIDOPSIS THALIANA

Florian Chevalier* (CNB/CSIC Madrid, Spain), Eduardo Gonzalez (CNB/CSIC Madrid, Spain), Isabel Domínguez (CNB/CSIC
Madrid, Spain), Tatiana Buhner (University of Zaragoza, Spain), Pilar Cubas (CNB/CSIC Madrid, Spain)
fchevalier@cnb.csic.es
The morphological diversity of plant architecture greatly depends on the control of axillary meristem development. In
Arabidopsis thaliana, the Branched1 (BRC1), gene coding for a transcription factor of the TCP family, plays a central role in this
process: it integrates external and endogenous signals controlling branching and acts as a local switch of axillary bud growth.
The BRC1 protein has two conserved domains typical of the TCP transcriptional regulators: the TCP and the R domain.
Although it has been proposed, based on studies on others TCP factors, that the TCP domain mediates protein-protein
interactions and DNA binding, nothing is known about the functional capabilities of the BRC1 protein and its regulation.
Moreover no protein partners have been described for BRC1. To address these questions and get a better understanding on the
activity of this transcription factor, we made different protein deletions and point mutations on highly conserved amino acids,
which could play important roles in the BRC1 protein activity. We studied, in yeast assays, the effect of these deletions on the
self-activating activity of BRC1 and we identified one region playing a role in this function. We also studied the cellular
localization and the phenotypic effects of the protein deletions and point mutations by overexpressing the mutated genes in
Arabidopsis transgenic plants. Finally we performed a yeast 2-hybrid screening, using a whole A. thaliana tissues library in order
to identify putative BRC1 protein interactors, which could be required for BRC1 function or regulation.

494

BAT1, A PUTATIVE ACYLTRANSFERASE, MODULATES BRASSINOSTEROID LEVELS IN ARABIDOPSIS

Sunhwa Choi* (POSTECH, Korea), Young-hyun Cho (POSTECH, Korea), Kangmin Kim (POSTECH, Korea), Hyunwoo Cho
(POSTECH, Korea), Minami Matsui (Plant Science Center RIKEN, Japan), Shozo Fujioka (RIKEN Advanced Science Institute,
Japan), and Ildoo Hwang (POSTECH, Korea)
sunhwa@postech.ac.kr
Brassinosteroids (BRs) are essential for various aspects of plant development. Cellular BR homeostasis is critical for proper
growth and development of plants; however, its regulatory mechanism remains largely unknown. BAT1 (BR-related
AcylTransferase1), a gene encoding a putative acyltransferase, was found to be involved in vascular bundle development in our
full-length cDNA overexpressor (FOX) screen. Overexpression of BAT1 rendered typical BR-deficient phenotypes, which could
be rescued by exogenously applied castasterone and brassinolide. Analyses of BR profiles demonstrated that BAT1 alters
levels of several brassinolide biosynthetic intermediates including 6-deoxotyphasterol, typhasterol, 6-deoxocastasterone, and
castasterone. BAT1 is mainly localized in the endoplasmic reticulum. BAT1 is highly expressed in young tissues and vascular
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bundles, and its expression is induced by auxin. These data suggest that BAT1 is involved in BR homeostasis, probably by
conversion of brassinolide intermediates into acylated-BR conjugates.

495

CAN APETALA1 BE USED AS A TOOL TO FACILITATE LARGE-SCALE GYNOECIA DEVELOPMENT STUDIES?

Andrea Claes* (Department of Plant Biology and Forest Genetics, Uppsala BioCenter Swedish University of Agricultural
Sciences and Linnean Center for Plant Biology Uppsala, Sweden), Emma Larsson (Department of Plant Biology and Forest
Genetics, Uppsala BioCenter Swedish University of Agricultural Sciences and Linnean Center for Plant Biology Uppsala,
Sweden), Eva Sundberg (Department of Plant Biology and Forest Genetics, Uppsala BioCenter Swedish University of
Agricultural Sciences and Linnean Center for Plant Biology Uppsala, Sweden)
Andrea.Claes@slu.se
Auxin levels and its interplay with genetic networks in Arabidopsis thaliana is extensively investigated, funding the general
acceptance that auxin plays a major role in plant development. However, little is known about auxin dynamics throughout
gynoecia development and the initial stages of fruit development. The preconception of auxin being an important cue to the
understanding and in-depth characterization of the processes underlying fruit development is justified by several key genetic
regulators of fruit development being related to auxin synthesis, transport or signal transduction. However, the amount and
accessibility of gynoecia tissue is often the bottleneck of research approaches regarding gynoecia and early fruit development in
Arabidopsis. In this study, we provide valuable data evaluating the application of the ABC-mutant apetala1 (ap1), for gynoecia
related large-scale research approaches in Arabidopsis. ap1 mutants are compromised in petal and sepal development and
thus give rise to open flowers with exposed wild type appearing gynoecia. By employing auxin reporter analysis, NACS
enhancer-trap reporter lines and auxin level measurements via mass spectrometry on both ap1 and wild-type gynoecia, we aim
to elucidate whether ap1 can provide a practical, morphological and directly accessible read-out model system for
understanding gynoecia development, resembling the wild-type situation.

496

PHLOEM POLE-DERIVED SIGNALLING PEPTIDE CONTROLS ARABIDOPSIS LATERAL ROOT INITIATION

Ive De Smet* (University of Nottingham, UK), Bert De Rybel (VIB/Ghent University, Belgium), Ianto Roberts (VIB/Ghent
University, Belgium), Stephanie Smith (University of Nottingham, UK), T. Yoshii (National Institute for Basic Biology, Japan),
Julien Lavenus (VIB/Ghent University, Belgium), Dominique Audenaert (VIB/Ghent University, Belgium), Georg Felix (University
of Tübingen, Germany), Yoshikatsu Matsubayashi (National Institute for Basic Biology, Japan), Tom Beeckman (VIB/Ghent
University, Belgium)
Ive.De_Smet@nottingham.ac.uk
In Arabidopsis, root branching commences with well-orchestrated asymmetric cell divisions in the xylem pole pericycle, a tissue
deeply embedded in the root (De Smet and Beeckman, 2011, Nat Rev Mol Cell Biol 12:177). We demonstrated that the
receptor-like kinase ACR4, plays a key role in asymmetric cell divisions in the root and that manipulating this signalling pathway
leads to an altered root architecture in Arabidopsis (De Smet et al, 2008, Science 322:594). Here, we will present data on the
involvement of the signalling peptide CEP1f/CEP5 in lateral root initiation and on its genetic and biochemical interaction with
ACR4. Mass spectrometry and synthetic variants revealed that CEP1f/CEP5 is subjected to posttranslational processing and
modifications, resulting in a 15 amino acid hydroxyprolinated signalling peptide. Since CEP1f/CEP5 is expressed in the phloem
pole pericycle cells during lateral root initiation, this represents the first phloem pole-associated regulator of lateral root initiation.
Specifically, exogenously applied synthetic CEP1f/CEP5 results in ectopic xylem pole pericycle cell divisions and reduced
lateral root density, similar to increasing CEP1f/CEP5 expression levels or the acr4 mutant. Decreasing CEP1f/CEP5
expression levels results in increased lateral root density. Further genetic evidence suggests that CEP1f/CEP5 is signalling
through ACR4 and that CEP1f/CEP5 is possibly involved in negatively regulating ACR4 activity. We propose that CEP1f/CEP5
is a likely peptide ligand for ACR4 and controls lateral root initiation from the phloem pole pericycle. Taken together, our data
provide evidence for the first peptide ligand-receptor kinase pair in the Arabidopsis root.

497

LIMITED APPLICABILITY OF COMPARATIVE ANALYSIS OF GENE EXPRESSION LEVEL BY QUANTITATIVE
REAL-TIME PCR IN THE OBJECTS WITH DIFFERENT MORPHOLOGY

Natalia Demidenko* (M.V. Lomonosov Moscow State University, Russian Federation), Aleksey Penin (M.V. Lomonosov Moscow
State University, Russian Federation)
demidenkonatalia@gmail.com
qRT-PCR is a generally acknowledged method for gene expression analysis due to its precision and reproducibility. However, it
is well known that the accuracy of qRT-PCR data varies greatly depending on the experimental design and data analysis.
Recently, a set of guidelines has been proposed that aims to improve the reliability of qRT-PCR. However, there are additional
factors that have not been taken into consideration in these guidelines that can seriously affect the data obtained using this
method. We report the influence that object morphology can have on qRT-PCR data. We have used a number of Arabidopsis
thaliana mutants with altered floral morphology as models for this study. These mutants have been well characterized (including
in terms of gene expression levels and patterns) by other techniques. This allows us to compare the results from the qRT-PCR
with the results inferred from other methods. In this study, we demonstrate that the comparison of gene expression levels in
objects that differ greatly in their morphology can lead to erroneous results.
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498

FORMATION OF THE LATE INNER ROOT CORTEX LAYER INVOLVES OSSCR2 AND OSSHR, TWO GRAS
TRANSCRIPTION FACTORS ORTHOLOGS OF ARABIDOPSIS THALIANA ATSCR AND ATSHR GENES.

Fanchon Divol* (CIRAD, UMR AGAP, France), G. Pauluzzi (CIRAD, UMR AGAP, France), E. Guiderdoni (CIRAD, UMR AGAP,
France), A. Dievart (CIRAD, UMR AGAP, France), C. Perin (CIRAD, UMR AGAP, France)
Fanchon.divol_malgoire@cirad.fr
Optimal root development is central for plants to reach maximum growth and yield. Most of our knowledge regarding genes
involved in root development has been accumulated in the dicotyledon model plant Arabidopsis thaliana. Roots of rice, the
monocotyledon model, present several extra ground tissue layers compared to Arabidopsis. Between epidermis and
endodermis, rice possesses two outer cell layers, exodermis and schlerenchyma, and a multilayered cortex, the latter
representing anatomical adaptations to semiaquatic life condition. Variations in the number of cortex cell layers depend on the
rice root type and cortex is one of the key tissues for rice adaptation to submergence and has probably a role also in tolerance
to other environmental stresses. Cortex formation in rice is a two step process and if early cortex cell layers are formed during
root primordia production, a late cortex cell layer becomes visible in mature roots several days after root primordia emergence.
Cortex and endodermis formation in Arabidopsis has been extensively studied during the last 10 years and a gene network
consisting of transcription factors, hormonal and epigenetic pathways have been described. In a first attempt to identify key
genes involved in cortex formation and variation of its cell layers number in rice, we characterized rice orthologs of several
Arabidopsis genes involved in this developmental process. First results demonstrate that OsSCR2 and OsSHR1/OsSHR2,
GRAS transcription factors orthologs to AtSCR and AtSHR, are involved in the later inner cortical cell layer formation. Like in
Arabidopsis, OsSCR2 and OsSHRs regulate endodermis cell layer division to form news cortex layers.

499

WBC27, AN ADENOSINE TRI-PHOSPHATE-BINDING CASSETTE PROTEIN, CONTROLS POLLEN WALL
FORMATION AND PATTERNING IN ARABIDOPSIS

Xiaoying Dou* (China Agricultural University, China), Kezhen Yang (China Agricultural University, China), Yi Zhang (Southwest
University, China), De Ye (China Agricultural University, China)
douxiaoying@126.com
In flowering plants, the pollen wall is a two-layer structure. The inner layer is called intine; while outer layer is called exine. Exine
is essential for the protection of pollen from the environmental damages and its interaction with the female stigma. Defect in
exine leads to loss of fertility of the pollen grains. Therefore, it plays important roles in sexual plant reproduction. Unlike the
intine components that are synthesized by pollen itself, the exine components are derived from the neighboring anther-wall cell
layer called tapetum. The precursors of the exine components are synthesized in the tapetal cells and then transported to
surfaces of the developing microspores. Despite its importance to exine formation, little has been known about the translocation
of exine materials from tapetum to developing microspores. Here we report functional characterization of the Arabidopsis
WBC27 gene, which encodes an adenosine tri-phosphate binding cassette (ABC) transporter and is expressed preferentially in
tapetum. Mutation of WBC27 gene disrupted the exine formation. The wbc27 mutant microspores began to degenerate once
released from tetrads and most of the microspores collapsed at the uninucleate stage. Only a small number of wbc27-1
microspores could develop into tricellular pollen grains. These survival pollen grains lacked exine and germinated in anther
before anthesis. All of these results suggest that the ABC transporter, WBC27 plays important roles in the formation of
Arabidopsis exine, possibly by translocation of lipidic precursors of sporopollenin in exine from tapetum to developing
microspores.

500

VASCULAR CELL DIVISION IS REGULATED BY AN INTERACTION BETWEEN PXY AND ETHYLENE SIGNALLING

J. Peter Etchells* (University of Manchester, UK), Simon R. Turner (University of Manchester, UK)
Peter.Etchells@manchester.ac.uk
The procambium and cambium are meristematic tissues from which vascular tissue is derived. Vascular initials differentiate into
phloem towards the outside of the stem and xylem towards the inside. A small peptide derived from CLV-3/ESR1-LIKE 41
(CLE41) is thought to promote cell divisions in vascular meristems by signaling through the PHLOEM INTERCALLATED WITH
XYLEM (PXY) receptor kinase. pxy mutants, however, display only small reductions in vascular cell number suggesting that a
mechanism exists that allows plants to compensate for the absence of PXY. Consistent with this idea we have identified a large
number of genes specifically upregulated in pxy mutants, including several AP2/ERF transcription factors. These transcription
factors are required for normal cell division in the cambium and procambium. These same transcription factors are also
upregulated by ethylene and in ethylene-overproducing eto1 mutants. eto1 mutants also exhibit an increase in vascular cell
division that is dependent upon the function of at least 2 of these ERF genes. Furthermore, blocking ethylene signaling using a
variety of ethylene insensitive mutants such as ein2 enhances the cell division defect of pxy. Our results suggest that these
factors define a novel pathway that acts in parallel to PXY/CLE41 to regulate cell division in developing vascular tissue. We
propose a model whereby vascular cell division is regulated both by PXY signaling and ethylene/ERF signaling. Under normal
circumstances, however, PXY signaling acts to repress ethylene/ERF pathway.

501

THE ARABIDOPSIS PIRL9 GENE FUNCTIONS IN BOTH THE FLOWERING TRANSITION AND POLLEN
DIFFERENTIATION

Nancy R. Forsthoefel* (Whitman College, USA), Daniel M. Vernon (Whitman College, USA)
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forsthn@whitman.edu
Plant Intracellular Ras-group LRRs (PIRLs) are a plant-specific class of leucine-rich repeat proteins structurally related to
animal and fungal LRRs that act in cell signaling and gene regulation. Two of them, PIRL1 and PIRL9, act after meiosis and
have redundant and essential roles in pollen development: pirl1;pirl9 double mutant microspores arrest just prior to pollen
mitosis I and are inviable. Here, we provide molecular and genetic evidence that PIRL9 also functions in the sporophyte. In
seedlings transformed with a PIRL9:GFP fusion construct under the control of the PIRL9 promoter, expression was observed in
the undifferentiated and unexpanded zones of roots. Furthermore, pirl9 T-DNA knockout mutants exhibited a modest but
reproducible delay in flowering, measured both by days to flowering and by leaf number at time of flowering. This phenotype
was rescued by introduction of the PIRL9:GFP construct into pirl9 homozygotes. pirl9 mutant seedlings exhibited decreased
expression of FT, a positive regulator of the floral transition, as well as decreased expression of the floral meristem identity gene
AP1. Transcript levels for other flowering inducers SOC1 and LFY were only slightly reduced, and seedlings expressed normal
levels of CO mRNA. We therefore hypothesize that PIRL9 acts upstream FT and AP1 and promotes flowering through its
effects on those regulators. Together, these results demonstrate that PIRL9 functions in at least two developmental transition
points in the Arabidopsis life cycle: the progression of microspores into pollen mitosis, and the transition from vegetative growth
to flowering. PIRL9 may have other roles that are masked by redundancy with PIRL1; identification of additional PIRL9
sporophytic functions may require gene knockdown strategies that circumvent pirl1;pirl9 pollen lethality.

502

SEUSS-LIKE TRANSCRIPTIONAL ADAPTORS FUNCTION WITH TALE HOMEODOMAIN COMPLEXES DURING
SHOOT APICAL MERISTEM MAINTENANCE AND FLORAL EVOCATION

Robert G. Franks* (North Carolina State University, USA), April N. Wynn (North Carolina State University, USA), David Higgins
(North Carolina State University, USA), Michael Schwartz (North Carolina State University, USA)
rgfranks@ncsu.edu
Members of the TALE homeodomain protein family function as heterodimeric transcriptional regulatory complexes in both
animals and plants. In Arabidopsis thaliana the activity of the TALE homeodomain protein SHOOTMERISTEMLESS (STM) is
critically required for the formation and maintenance of the shoot apical meristem. During shoot apical meristem development
STM acts in a heterodimeric complex with one of three partially redundant BELL-LIKE HOMEODOMAIN (BLH) proteins: BLH8
(POUNDFOOLISH), BLH9 (PENNYWISE) or ATH1. The interaction of STM with one of these BLH proteins is required for
efficient localization of STM to the nucleus and thus its ability to mediate transcriptional regulation. SEUSS (SEU) and SEUSSLIKE2 (SLK2) are two members of the SEUSS-LIKE family of transcription adaptors that are also required for shoot apical
meristem formation and maintenance. Here we demonstrate that mutations in SEUSS enhance the shoot apical meristem and
floral evocation phenotypes of the bum1-3 allele (a weak stm loss-of-function allele). We also report that mutations in SEUSS
phenotypically enhance mutations in members of the BLH gene family (i.e. blh8 and blh9). Yeast two-hybrid data indicates that
SEU and SLK2 can physically interact with members of the BLH gene family. Our data support a model that posits the SEUSSLIKE transcriptional adaptor proteins are required to mediate the action of TALE homeodomain complexes. Our efforts to further
test this model will be presented.

503

ISOLATION OF PHLOEM MUTANTS INVOLVING IN THE PHLOEM CELL DETERMINATION AND PHLOEM CELL
DIFFERENTIATION IN ARABIDOPSIS

Kaori Furuta* (University of Helsinki, Finland), Satu Lehesranta (University of Helsinki, Finland), Raffael Lichtenberger
(University of Helsinki, Finland), Ykä Helariutta (University of Helsinki, Finland)
kaori.furuta@helsinki.fi
Phloem is an essential tissue to transport organic compounds in plant vascular system and mainly consists of sieve elements
(SE) and companion cells (CC). A unit of SE and CC is functional to transport the phloem compounds. SE is specialized to a
traffic tube and CC has a strong connection with SE through well-developed plasmodesmata to load/unload the phloem
compounds. Phloem cells are established through a set of asymmetric cell division from phloem/procambium initial in
Arabidopsis root and differentiated through certain cellular processes. APL is an only-known key regulator of phloem (both SE
and CC) identification, but APL expression is relatively late. To address the early stages of phloem specification (APL-upstream)
and the late stage, which is involved in phloem cell differentiation after phloem cell specification (APL-downstream), we
performed the genetic screen. Here we report some categories of mutants, which are defective in phloem development. In the
forward genetic screen for APL-upstream, we isolated sets of mutants, that APL expression was missing (APL-less), phloem
continuity was specifically gone (APL-fragmented) and APL expression in CC position was specifically delayed (CC-less). It is
suggested that these mutants are involved in the phloem establishment, phloem continuity and CC specification, respectively. In
the reverse genetic screen for APL-downstream genes, we isolated the mutant, which was defective in a part of SE
differentiation.

504

MITOCHONDRIA-DERIVED REACTIVE OXYGEN SPECIES ARE REQUIRED FOR POLAR AUXIN TRANSPORT IN
ARABIDOPSIS ORGAN FORMATION

Masahiko Furutani* (Nara Institute of Science and Technology, Japan), Masao Tasaka (Nara Institute of Science and
Technology, Japan)
ma-furut@bs.naist.jp
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Mitochondria are the site of reactive oxygen species (ROS) generation and act as the principal energy source in cells.
Mitochondria are also known to be associated with programmed cell death, and cellular and organismal aging in eukaryotes,
such as yeast, plants and animals. However, their function in developmental processes remains uncertain in higher plants.
Here, we provide experimental evidence that mitochondria contribute to organ formation. The formation of organs such as
leaves, flowers and roots is highly dependent on polar auxin transport. Polar-localized PIN-FORMED (PIN) proteins, auxin efflux
carriers, transport auxin to the organ initiation site and promote organ growth. We performed genetic screens for novel factors
involved in auxin-regulated organ formation and identified a novel mutant, macchi-bou 1 (mab1), that affects the mitochondrial
pyruvate dehydrogenase E1β subunit. PIN abundance and polarity were disrupted in the defective organ primordia of mab1
mutants. Pharmacological analysis showed that PIN internalization was accelerated in the mutant. We also found ROS
accumulation in a MAB1-dependent manner in organ primordia. Chemically-induced reduction of ROS altered the localization of
MAB4, a negative regulator of PIN internalization, and enhanced PIN endocytosis. Our results demonstrate that MAB1 regulates
polar auxin transport through the control of ROS generation, and reveal an unexpected role for mitochondria in the control of cell
polarity through ROS generation.

505

EXTENSIVE EXPRESSION OF STRESS-RELATED TRANSCRIPTION FACTORS IN SOMATIC EMBRYOGENESIS
INDUCTION IN ARABIDOPSIS

Malgorzata D. Gaj* (University of Silesia, Poland), Katarzyna Nowak (University of Silesia, Poland), Marta Gliwicka (University
of Silesia, Poland), Barbara Wójcikowska (University of Silesia, Poland), Karolina Jaskóła (University of Silesia, Poland), Marta
Markiewicz (University of Silesia, Poland), Salma Balazadeh (University of Potsdam, Germany), Bernd Mueller-Roeber
(University of Potsdam, Germany)
malgorzata.gaj@us.edu.pl
Somatic embryogenesis (SE) induced in vitro manifests developmental plasticity of plants and its induction is commonly
considered as an example of stress-responsive plant reactions. Numerous genes involved in different cellular functions
including those of the transcription machinery were recognized among stress-responsive genetic factors. The aim of the study
was to get insight into stress-responsive transcription factors (TFs) expressed in Arabidopsis culture undergoing SE induction.
Global analysis of the TF transcriptome revealed that stress-related TF transcripts were remarkably overrepresented (38%)
within 732 genes of SE-modulated expression and among them numerous members of stress-specific TF families including
AP2/EREBP (69) and DREB (24), NAC (54) and WRKY (45) were identified. A ratio of stress-related TF mRNAs were found
notably increased to 50% in the SE-specific transcriptome identified by comparison of TF genes expressed in embryogenic vs
non-embryogenic culture. Among SE-specific genes, TF genes responsive to various abiotic and biotic stresses were revealed.
Selected stress-responsive TF genes of SE-modulated expression (WRKY30, WRKY31, DREB2F, ERF022, NTL8, MYB74,
ATHB12) were further analysed to reveal a possibly impact of auxin treatment used to induce SE on their expression. In
addition, the embryogenic capacity of somatic tissue was evaluated in mutants and transgenic lines with disturbed expression of
the studied TF genes.

506

DELLA-MEDIATED CONTROL OF FLOWERING IN ARABIDOPSIS THALIANA

Vinicius Costa Galvão* (Max Planck Institute for Developmental Biology, Germany), Daniel Horrer (Max Planck Institute for
Developmental Biology, Germany), Frank Küttner (Max Planck Institute for Developmental Biology, Germany), Markus Schmid
(Max Planck Institute for Developmental Biology, Tübingen)
vinicius.galvao@tuebigen.mpg.de
The transition from vegetative to reproductive development is a critical event in the plant life cycle. To ensure the correct timing
of flowering, plants perceive and integrate environmental and endogenous signals such as photoperiod, temperature and
hormonal status. The hormone gibberellic acid (GA) has long been known to contribute to the regulation of flowering in many
plant species. However, where in the plant and how GA signaling is integrated into the flowering time pathways is poorly
understood. To address this question we have performed a systematic analysis of the role of the five Arabidopsis thaliana
DELLA proteins, which have recently emerged as important components of the GA signaling cascade in the regulation of
flowering. We demonstrate that misexpression of GA-insensitive DELLA either in vasculature or shoot meristem using tissuespecific promoter delays flowering under long day condition. Interestingly, we demonstrate that GA regulates the expression of
flowering time integrators such as FLOWERING LOCUS T (FT) and TWIN SYSTER OF FT (TSF) independently of CONSTANS
(CO) and GIGANTEA (GI) in leaves. In contrast, under non-inductive short days GA-signaling contributes to the induction of
flowering specifically at the shoot meristem. Expression analysis revealed that DELLA proteins control the SQUAMOSA
PROMOTER BINDING PROTEIN-LIKE (SPL) expression under both long and short day conditions independently of miR-156.

507

REGULATION OF THE SNRK1.1 ENERGY SENSOR IN ARABIDOPSIS

Glenda Gillaspy* (Virginia Polytechnic and State University, USA), Elitsa Ananieva (Virginia Polytechnic and State University,
USA), Phoebe Williams (Virginia Polytechnic and State University, USA), Padma Rangarajan (Virginia Polytechnic and State
University, USA), Jenna Hess (Virginia Polytechnic and State University, USA), Janet Donahue (Virginia Polytechnic and State
University, USA), Les Erikson (Salisbury University, USA)
gillaspy@vt.edu
Plants use specific signal transduction pathways during development and in response to signals from their environment. One
particular signaling pathway involves the use of a polyol called myo-inositol, as a scaffold for building signaling molecules. Our
work has delineated the rate-limiting myo-inositol synthetic enzyme and a set of enzymes responsible for metabolizing certain
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inositol-containing signaling molecules. These enzymes are called myo-inositol polyphosphate 5-phosphatases (5PTases), and
they remove a 5-phosphate from second messengers such as inositol (1,4,5)-trisphosphate and phosphatidylinositol (4,5)
bisphosphate. In Arabidopsis thaliana there are 15 members of the 5PTase family. Four members of the Arabidopsis 5PTase
family have a unique protein structure with N-terminal WD40 repeats that we have shown facilitate protein interactions.
Specifically, the WD40 region of 5PTase13 interacts with the sucrose nonfermenting-1-related kinase (SnRK1.1), an AMPkinase that is highly conserved among eukaryotes. Further, SnRK1.1 serves as an important energy sensor and ectopic
expression can lengthen the lifespan of plants. Because SnRK1.1 can reprogram metabolism, we are examining the way in
which a signaling enzyme and the SnRK1.1 metabolic/energy sensor function. Our recent efforts identified a new member of the
5PTase13/SnRK1.1 complex that we call P80 which encodes another WD40-containing protein predicted to interact with the
Cullin 4 E3 ubiquitin complex. To understand this new player, we are examining P80 mutants and the mechanism of P80 action.
P80 mutant seedlings have reduced root growth in low energy conditions that is reversed by the addition of sucrose. When
grown in soil, P80 mutants have altered development and senesce early, phenotypes reminiscent of a shortened lifespan. Our
data suggest that inositol signaling can impact the stability of protein kinases such as SnRK1.1, which is a novel impact of this
signaling pathway.

508

FROM ARABINOSE TO ARABIDOPSIS – ARABINOSYLATION OF CELL WALL GLYCOPROTEINS IS ESSENTIAL
FOR NORMAL GROWTH AND DEVELOPMENT

Sascha Gille* (Energy Biosciences Institute, UC Berkeley, USA), Vaishali Sharma (Joint Bioenergy Institute, USA), Henrik V.
Scheller (Joint Bioenergy Institute, USA), Markus Pauly (Energy Biosciences Institute, UC Berkeley, USA)
sascha.gille@berkeley.edu
Plant cells are encased by cell walls that play important roles in plant growth and development, including the maintenance of
structural integrity during cell extension, cell-to-cell and cell-to-environment signaling. The walls consist of structurally diverse
polysaccharide networks (cellulose, hemicellulose and pectins), the polyphenol lignin, but also glycoproteins such as extensins
and arabinogalactan protein (AGP), both of which are rich in arabinosyl-residues. Members of the glycosyltransferase family 77
(GT77) were shown to be involved in the arabinosylation of the structural glycoprotein extensin, including XEG113 – a putative
extensin β-1,3-arabinosyltransferase. Arabidopsis mutants of XEG113 are affected in normal plant growth and development,
including a larger rosette diameter, inflorescence development and stunted root hairs. A close homolog – XEG113-like – was
identified in the GT77 family. Interestingly, mutants of XEG113-like do not exhibit altered extensin glycosylation, but show a
30% reduction of arabinose in an AGP associated cell wall fraction. Hence, XEG113-Like represents a putative
AGP:arabinosyltransferase. Furthermore, xeg113-like mutants exhibit reduced rosette diameters and shorter roots, indicating
the importance of AGP glycosylation for normal plant growth and development. The exact role of XEG113-like in AGP
arabinosylation is currently investigated and the involvement of AGP glycosylation in plant growth and development will be
discussed.

509

MERISTEMOID CELL DIVISION AND LEAF GROWTH UNDER STANDARD AND STRESS CONDITIONS

Nathalie Gonzalez* (Department of Plant Systems Biology, VIB, Ghent University, Belgium), Liesbeth De Milde (Department of
Plant Systems Biology, VIB, Ghent University, Belgium),Hannes Van Haeren (Department of Plant Systems Biology, VIB, Ghent
University, Belgium), Dirk Inzé (Department of Plant Systems Biology, VIB, Ghent University, Belgium)
nathalie.gonzalez@psb.vib-ugent.be
In a fixed environment, the final size of plant organs, such as leaves, is constant, implying that organ growth is tightly controlled
by genetic factors. The two effector systems, cell division and cell expansion, contribute to the final organ size. After emergence
from the shoot apical meristem, the leaf primordium grows mainly through cell proliferation. This phase of growth is
progressively replaced, in a distal-proximal manner, by a period of cell expansion associated, in Arabidopsis, with an alternative
mode of cell cycle activity, namely, endoreduplication. Although most of the cells start to differentiate during that period, some,
called dispersed meristemoids, still undergo several round of division. These cells will form specific cell types such as stomatal
guard cells or vascular cells. The contribution of the meristemoid cells to leaf growth and development seems to be important as
increasing division of these cells by decreasing the expression of the peapod genes leads to the production of larger, more
dome shape leaves. Furthermore, these meristemoids cells have also been implicated in cell number recovery upon osmotic
stress treatment suggesting a role in stress response. In order to study the contribution of the division of the meristemoids cells
in the regulation of leaf development under standard and stress conditions, we initiated a detailed characterisation of the
amiRNA PPD and PPD overexpressing lines by means of cellular kinematic analysis and genome wide transcript analysis. The
behavior of these lines under several stresses was also assessed.

510

LIGHT CONTROL OF SHOOT BRANCHING IN ARABIDOPSIS THALIANA

Eduardo González-Grandío* (CNB-CSIC, Spain), César Poza-Carrión (CBGP-CSIC, Spain), Pilar Cubas (CNB-CSIC, Spain)
egonzalez@cnb.csic.es
Plants obtain their energy from light and to optimize this process they have evolved mechanisms to maximize light harvesting
and to avoid shade from other plants. They can sense, as a warning for competition, a decrease in the ratio of red to far-red
(R:FR) light due to absorption of R light by neighboring plants. Plants rapidly respond to these changes and trigger a series of
developmental responses collectively known as Shade Avoidance Syndrome. One of these responses is branch suppression. In
Arabidopsis, one of the genes responsible for branch suppression under normal light conditions is BRANCHED1 (BRC1),
encoding a TCP transcription factor that acts in axillary buds delaying their development. We have analyzed in detail the rapid
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up-regulation of BRC1 by a decrease in the R:FR ratio and the putative genetic and hormonal changes controlling this upregulation. We have also analyzed the transcriptomic profiles of wild type and brc1 axillary buds in response to low R:FR in
order to identify BRC1-dependent genes that change during this response. In addition, we have compared these profiles with
other publicly available microarray experiments in which axillary buds become active, such as decapitation assays. This
comparison revealed two groups of genes that we have termed Bud dormancy genes (genes that are up-regulated when the
bud becomes dormant and down-regulated when it becomes active) and Bud activation genes. Functional characterization of
these two groups of genes will be presented.

511

THE EGG CELL ACTS AS A SIGNALING CENTER FOR THE DEVELOPMENT OF FEMALE GAMETOPHYTIC CELLS

Rita Gross-Hardt* (University of Tübingen, Germany), Ronny Völz (University of Tübingen, Germany), Ludwig von Lyncker
(University of Tübingen, Germany), Nadine Baumann (University of Tübingen, Germany), Nicola Nielsen (University of
Tübingen, Germany), Thomas Dresselhaus (University of Regensburg, Germany), Stefanie Sprunck (University of Regensburg,
Germany)
rita.gross-hardt@zmbp.uni-tuebingen.de
In contrast to animals, plant germ cells are formed along with accessory cells in specialized haploid gametophytes. The female
gametophyte of flowering plants comprises four different cell types, which exert distinct functions in the reproductive process.
For successful fertilization, the development of the four cell types has to be tightly coordinated, however the underlying
mechanisms are not yet understood. We have previously shown that lachesis (lis) mutants form supernumerary gametes at the
expense of accessory cells. LIS codes for the Arabidopsis homolog of the pre-mRNA splicing factor PRP4, which is considered
a core spliceosomal component in yeast. The specific defects observed in lis mutants are difficult to reconcile with the general
function of a housekeeping gene. Here, we discuss results addressing whether LIS acts in a tissue- or substrate specific
manner.

512

CINCINNATA CONTROLS SURFACE CURVATURE IN ANTIRRHINUM LEAVES BY DIRECT AND SIMULTANEOUS
ACTIVATION OF CYTOKININ AND AUXIN SIGNALLING

Mainak Das Gupta* (Indian Institute of Science, India), Pooja Aggarwal (Indian Institute of Science, India), Utpal Nath (Indian
Institute of Science, India)
mainak@mcbl.iisc.ernet.in
Control of biological surface curvature has been studied from modeling as well as genetic perspectives. Mutants have been
isolated and studied in model plants where both positive and negative Gaussian curvatures are introduced in the otherwise flat
leaf surface with zero curvature. Mutation in the CINCINNATA gene in Antirrhinum and its orthologs in Arabidopsis cause leaf
crinkliness due to excess marginal growth compared to the medial region. CIN-like genes code for TCP transcription factors and
are expressed in a broad zone of a growing leaf somewhat distal to the proliferation zone. Even though several direct and
indirect targets of CIN-like genes have been identified in various plant species, their role in regulating leaf maturity and surface
curvature has remained unclear. We have compared the global transcript profile of wild type and cincinnata mutant of
Antirrhinum to identify the targets of this transcription factor. By combining DNA-protein interaction, expression analysis,
chromatin immuno-precipitation and RNA in situ hybridization, we show that CIN maintains surface flatness by regulating the
signaling or level of major plant hormones in a developing leaf. It promotes cytokinin signaling directly and GA level indirectly in
young leaves, thereby accelerating maturity in leaf cells along the tip-to-base direction. Besides, CIN suppresses auxin signaling
more at the margin than in the centre by establishing a margin-to-medial expression gradient of a homologue of IAA3 (a known
auxin suppressor), resulting in a flat leaf surface. Our results uncover an underlying mechanism in a developing leaf that
controls curvature of the leaf surface. Considering the conservation of CIN-like genes and their function in leaf morphogenesis
in multiple plant species, it is likely that such mechanism is evolutionarily conserved.

513

A MITOCHONDRIA LOCALIZED PROTEIN REGULATES EARLY EMBRYOGENESIS AND ENDOSPERM
DEVELOPMENT IN ARABIDOPSIS BY A MATERNAL EFFECT

Shan He* (Peking University, China), Jingjing Liu (Peking University, China), Xiangyu Zhang(Peking University, China), Li-Jia
Qu (Peking University, China)
heshan423@pku.edu.cn
We identified a seed-lethal Arabidopsis mutant named 107 by screening from a T-DNA activation tagging mutant library made
by our lab. The reciprocal crosses showed that the male transmission of the mutant was normal, while the female transmission
was obviously reduced. The confocal observation showed that the female gametophyte development was normal in the 107
mutant. We further studied the embryogenesis in the 107 mutant and identified that more than a quarter of the embryos in
mutant siliques arrested before 16-cell stage, and some of the mutant embryos displayed aberrant cell division patterns.
Concurrently, a part of the suspensors of the aborted embryos exhibited abnormal morphology. Meanwhile, endosperm
development of the mutant was slow down. The GUS assay of the P107-107-GUS transgenic plants showed that the high level of
GUS activity was detected in early endosperms and the embryos from heart stage. The early expression of parental original 107
protein shows that the embryo lethal phenotype of the mutant is cause by loss of the maternal 107 protein, which means that
the maternal expression of the 107 gene is essential for early embryo and endosperm development. Using a mitochondria
specific dye, we found that the 107 protein localizes in mitochondria. We compared the ultrastructure of mitochondria in wildPosters: Development
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type and mutant early embryo and endosperm by transmission electron microscopy and found that there is an obviously
abnormal ultrastructure of most mutant mitochondria, in which the granules were much less abundant and the cristae formed by
the inner membrane were highly reduced or completely missing. The results suggest that the mitochondria localized protein 107
regulates early embryogenesis and endosperm development in Arabidopsis by a maternal effect.

514

A QUEST FOR FUPS; THE FLOWER SPECIFIC PROTEASOME SYSTEM

Kristiina Himanen* (Department of Agricultural Sciences, University of Helsinki, Finland), Marcelina Bilicka (Department of
Agricultural Sciences, UH, Finland), Ulla Karvonen (UH, Finland)
kristiina.himanen@helsinki.fi
Regulation of flowering time integrates environmental and endogenous signals to promote flower development and their
coordination contributes to the reproductive success of the plant. Regulated protein degradation by the Ubiquitin Proteasome
System (UPS) plays an important role in plant signaling. Despite several indications of UPS involvement in flower development
no established knowledge database is available addressing this involvement. By characterizing Flower specific Ubiquitin
Proteasome System (FUPS) components and their targets we aim to identify novel regulatory networks of flower development
and establish such database. First, we have identified the FUPS candidates from bioinformatics databases for their association
with flower development and their presence in flower organs. To this end different public databases have been screened e.g.
TAIR, for gene information; eFP, for gene expression patterns; AtPID, for interactome and EMBL Uniprot, for protein
information. Based on these data a selection of FUPS candidates has been made representing the different flower organs as
well as UPS protein classes. Now, their flower development related activities will be verified by screening commercially available
Arabidopsis knockout mutant lines (SALK and GABI), and identification and structure-functional characterization of their network
partners. Our evo-devo approach will aim at translating the findings into ornamental characteristics in Gerbera flowers.

515

CONTROL OF THE FT EXPRESSION BY A MYB-TYPE TRANSCRIPTION FACTOR.

Masayo Hirai* (University of the Tokyo, Japan), Ayako Yamaguchi (Kyoto University, Japan), Ayako Watanabe (University of the
Tokyo, Japan), Komeda Yoshibumi (University of the Tokyo, Japan), Mitsutomo Abe (University of the Tokyo, Japan)
masa-h@biol.s.u-tokyo.ac.jp
Plants sense multiple environmental and endogenous signals to determine when to flower. For sessile plants, the ability to
monitor and integrate multiple signals is essential to succeed in reproduction. Hence, a complex gene regulatory network has
been constructed to enable plants to flower appropriately in time and space. A systemic flowering signal, called ‘florigen’, is
produced in the leaves under inductive conditions and is transported to the shoot apical meristem to evoke the program for
flower formation. Recent research revealed that the protein encoded by FLOWERING LOCUS T (FT ) is a key component of
florigen in Arabidopsis. It was also reported that CO protein mainly activates FT transcription under the inductive long-day
conditions at the phloem companion cells in leaves. However, ubiquitous activation of CO by Dex treatment of 35S::CO-GR
plant did not result in ubiquitous induction of FT (Yamaguchi et al., 2005). This result raises the possibility for the presence of
another factor(s) controlling FT transcription. Here, we report the identification of a novel flowering-time gene, which encoding a
Myb-related transcription factor. Genetic analysis revealed that this novel flowering-time gene belong to the same physiological
group with FT. Furthermore, loss-of-function of this gene caused the reduction of FT mRNA levels and late flowering
phenotypes. We will discuss about the current model about the function of Myb-type transcription factor in the control of the FT
transcription.

516

COMPARATIVE FUNCTINOAL ANALYSIS OF TDIF SIGNALING IN VASCULAR PLANTS

Yuki Hirakawa* (Monash University, Australia), John Bowman (Monash University, Australia)
yuki.hirakawa@monash.edu
TDIF is a CLE-family signaling peptide regulating the fate determination of procambial stem cells in vascular development. In
Arabidopsis, TDIF is secreted from phloem cells and suppresses xylem differentiation of adjacent procambial cells via its
receptor TDR/PXY (Hirakawa et al., J. Integr. Plant Biol., 2010). Since a TDR ortholog is shown to be expressed highly in the
cambial region of poplar (Schrader et al., Plant Cell, 2004), this non-cell autonomous signaling might be a universal regulatory
mechanism in the procambium and cambium. Anatomical studies have indicated that the vascular cambium of extant seed
plants originated before the divergence of angiosperms and gymnosperms (Spicer and Groover, New Phytol., 2010). To
understand the general role of TDIF signaling, it is important to investigate the evolution of TDIF signaling in relation to the
evolution of vasculature. We here performed a comparative analysis of TDIF signaling in land plants. BLAST search showed
putative TDIF orthologs in the four major taxa of extant vascular plants: angiosperms, gymnosperms, ferns and lycophytes. We
identified full length cDNA sequences of TDIF orthologs in Ginkgo, Adiantum and Selaginella with RACE-PCR. The primary
sequences of Arabidopsis, Ginkgo and Adiantum were identical at the CLE peptide motif while Selaginella CLE had minor
substitutions. In addition, a putative TDIF ortholog, which can be distinguished from CLV3-type CLEs, is present in the liverwort
Marchantia, suggesting that the emergence of TDIF-type CLE genes may predate the establishment of vasculature. Putative
TDR orthologs were also found in those taxa, supporting the orthology of TDIF-type CLE signaling. We further examined the
function of TDIF in vascular plants. Treatment of Zinnia/Arabidopsis TDIF peptide suppressed xylem differentiation of
procambial cells in Ginkgo but not in Selaginella, showing that the biological activity of TDIF is conserved at least among extant
seed plants.
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517

ATM-DEPENDENT DNA DAMAGE RESPONSE COORDINATES CELL PROLIFERATION AND CELL EXPANSION IN
ARABIDOPSIS LEAF GROWTH

Tetsuya Hisanaga* (RIKEN, University of Tokyo, Japan), Ali Ferjani (Tokyo Gakugei University, Japan), Gorou Horiguchi
(Rikkyo University, Japan), Naoko Ishikawa (University of Tokyo, Japan), Ushio Fujikura (University of Potsdam, Germany),
Minoru Kubo (University of Freiburg, Germany), Taku Demura (Nara Institute of Science and Technology, RIKEN, Japan), Hiroo
Fukuda (University of Tokyo, Japan), Takashi Ishida (Nara Institute of Science and Technology, Japan), Keiko Sugimoto
(RIKEN, Japan), Hirokazu Tsukaya (University of Tokyo, Japan)
hisanaga@psc.riken.jp
During leaf development, a decrease in cell number often triggers an increase in cell size. This phenomenon, called
compensation, suggests that systems exist to coordinate cell proliferation and expansion. Previously reported Arabidopsis
thaliana fugu mutants exhibit a typical compensation phenotype. Here, we report that the FUGU2 gene is FASCIATA1 (FAS1),
which encodes the p150 subunit of chromatin assembly factor-1 (CAF-1). Microarray analysis revealed that the genes involved
in DNA damage response (DDR) are up-regulated in fas1. Genetic analysis indicated that activation of DDR and decreased cell
number in fas1 depends on the ATAXIA TELANGIECTASIA MUTATED (ATM) gene but not on the ATM AND RAD3 RELATED
(ATR) gene. In contrast to these phenotypes, the cell size phenotype of fas1 is completely suppressed in both atm and atr
mutants. Kinematic analysis revealed that cell cycle delay caused a decrease in cell number in fas1, and ATM mutation partially
restored this phenotype. Furthermore, ploidy analysis revealed that ATM-dependent, and possibly ATR-dependent, DDR was
required for the high ploidy phenotype of fas1. Altogether, the data demonstrate that ATM-dependent DDR triggers a delay in
cell cycle progression and facilitates entry into the endocycle, leading to compensated cell expansion in fas1. We suggest that
one of the mechanisms of compensation is governed by ATM-dependent DDR.

518

A SUBFAMILY OF RLKS PLAY IMPORTANT ROLES IN POLLEN TUBE GROWTH

Yingnan Hou* (Peking University, China), Jingjing Liu (Peking University, China), Li-Jia Qu (Peking University, China)
ynhou@pku.edu.cn
Double fertilization is the most important process in the reproduction of Angiosperm. In this process, haploid male and female
gametes fused to produce the diploid zygote and triploid endosperm. Directional growth of pollen tube towards embryo sac is
critical for the recognition between pollen tubes and female gametophytes. A complex mechanism is defined to regulate pollen
tube growth, in which ROP GTPases serves as a central regulator. We found that four RLKs (receptor-like kinases) were highly
expressed in mature pollen, and localized in the tip region of pollen tube. Loss of function of these RLKs resulted in distorted
pollen tube growth including reduced growth rate and accelerated tip swelling. This phenotype is similar to ren1, in which the
activity of ROP was enhanced, implying that these pollen specific RLKs possibly inhibited the activity of ROP. We found that
one of these RLKs interacted with pollen specific ROPs directly in vitro. Our study showed that these RLKs probably mediate
the phosphorylation of ROPs to regulate their activity during pollen growth.

519

PHENOTYPIC ANALYSIS OF MUTANTS OF DOWNSTREAM TARGETS OF THE N-END RULE PATHWAY DURING
SEED GERMINATION IN ARABIDOPSIS

Shakeel Imran* (University of Nottingham, UK/University of Agriculture, Faisalabad, Pakistan), Nurulhikma Md Isa (University of
Nottingham, UK), Daniel J. Gibbs (University of Nottingham, UK), Guillermina Mendiondo (University of Nottingham, UK),
Michael J. Holdsworth (University of Nottingham, UK)
stxsi2@nottingham.ac.uk
Seed dormancy and germination in plants is a complex process regulated by the antagonistic actions of the phytohormones
Abscisic acid (ABA) and Gibberellic acid (GA). Recently it was shown that ABA sensitivity during seed germination is controlled
by the N-end rule pathway of targeted proteolysis in Arabidopsis. The N-end rule pathway targets protein substrates for
degradation based on the nature of their N-terminal residue. Plants lacking the N-end rule E3-ligase PROTEOLYSIS6 (prt6-1)
are extremely hypertensive to ABA, suggesting that degradation of specific substrate proteins through the N-end rule pathway is
required to remove sensitivity to ABA and promote germination. In this study we sought to identify the downstream gene targets
of the N-end rule pathway using a transcriptomic approach. Transcriptome profiling of 24 hour-imbibed prt6-1 and Columbia
(Col-0) seeds revealed many differentially regulated genes. Interestingly, the ABA-like binding site pattern was over represented
in the promoter of genes highly expressed in prt6-1, indicating that N-end rule substrate(s) may be regulating the expression of
ABA responsive genes. T-DNA insertion mutants of several of these up regulated genes exhibited reduced seed-dormancy
levels and significantly increased ABA-insensitivity for germination compared to wild type, suggesting that N-end rule pathway
substrates affect seed germination through regulating the expression of these (and other) downstream genes. Genetic crosses
are currently being made between these genes and prt6-1 to investigate the genetic relationship between the N-end rule
pathway and these putative downstream targets.

520

CELLULAR PLOIDY LEVELS ARE REGULATED BY NOVEL INHIBITOR PROTEINS OF APC/C DURING ORGAN
DEVELOPMENT IN ARABIDOPSIS

Masaki Ito* (Nagoya University, Japan), Eriko Iwata (Nagoya University, Japan), Saki Ikeda (Nagoya University, Japan), Asuka
Kobayashi (Nagoya University, Japan), Natsumi Abe (Nagoya University, Japan), Mariko Kurata (Nagoya University, Japan)
masakito@agr.nagoya-u.ac.jp
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Increase of ploidy levels is frequently observed in somatic cells during organ development in higher plants. Increased cellular
ploidy is typically achieved by either endoreplication or endomitosis, both of which are often regarded as atypical modes of cell
cycle that skip mitosis completely or partially. Endoreplication is widespread and is extensively studied in Arabidopsis thaliana,
in which occurrence of endoreplication is observed in most of fully developed organs. On the other hand, occurrence of
endomitosis is limited to the specific tissues such as tapetum and endosperm. Here, we showed that these two distinct
strategies of increasing cellular ploidy may be differently regulated by closely related proteins, GIG1 and UVI4. We have
previously shown that these proteins may inhibit APC/C ubiquitin ligase, which is responsible for degradation of various mitotic
regulators such as mitotic cyclins. It is widely known that APC/C is activated by binding to either one of the two different types of
activator proteins, CDC20 or CCS52. The present genetic data showed that CDC20-dependent APC/C and CCS52-dependent
APC/C may be preferentially inhibited by GIG1 and UVI4, respectively. Mutations in CDC20-type but not CCS52-type activators
resulted in suppression of endomitosis phenotype in gig1. Inversely, excessive endoreplication in uvi4 is reversed by mutations
in CCS52-type activators, but not by those in CDC20-type. Taken together, we showed that two different ways of increasing
cellular ploidy, endoreplication and endomitosis, may be regulated by two distinct pathways involving UVI4-CCS52 and GIG1CDC20.

521

DOWNSTREAM EFFECTORS SHED LIGHT ON SCHIZORIZA FUNCTION IN THE ARABIDOPSIS ROOT MERISTEM

Vera M.A. Jansweijer* (Molecular Genetics Group, Utrecht University, The Netherlands), Gabino F. (Molecular Genetics Group,
Utrecht University, The Netherlands), Sanchez Perez (Molecular Genetics Group, Utrecht University, The Netherlands), Sabine
van Liere (Molecular Genetics Group, Utrecht University, The Netherlands), Ben Scheres (Molecular Genetics Group, Utrecht
University, The Netherlands), Renze Heidstra (Molecular Genetics Group, Utrecht University, The Netherlands)
V.M.A.Jansweijer@uu.nl
Asymmetric cell division is a fundamental mechanism for the generation of cellular diversity and patterns in multicellular
organisms. The Arabidopsis root meristem, is laid down during embryogenesis. Its organization is derived from strict asymmetric
cell divisions of different stem cells. Recently, we identified a novel mechanism of cell fate separation in plants that involves the
SCHIZORIZA (SCZ) transcription factor. SCZ acts both cell-autonomously to specify cortical cell identity and non-cellautonomously to separate cell fates in surrounding layers. In addition, SCZ is implicated in stem cell formation and we have
evidence indicating SCZ acts in parallel with SHR/SCR to specify the root stem cell niche. Transcriptional profiling was
undertaken to identify downstream effectors of SCZ. Consistent with its presumed function we find two major classes of
differentially regulated targets: genes enriched in cortex and genes enriched in QC/ columella. Results on a selected number of
SCZ targeted transcription factors will be presented. The nature of SCZ target genes will allow us to gain insight in the
mechanism of SCZ action.

522

DISSECTING THE ROLE OF THE F-BOX PROTEIN HAWAIIAN SKIRT IN THE REGULATION OF ARABIDOPSIS
FLORAL DEVELOPMENT

Dasuni Jayaweera* (University of Nottingham, UK), Zinnia Gonzalez-Carranza (University of Nottingham, UK), Janny Peters
(Radboud University Nijmegen, the Netherlands), Jeremy Roberts (University of Nottingham, UK)
sbxdpj@nottingham.ac.uk
HAWAIIAN SKIRT (HWS) is an F-box gene in Arabidopsis that plays a key role in plant floral organ development. HWS has
been identified due to sepal fusion along their basal margins resulting in failure to shed its floral organs. Similar phenotypic
characteristics can be seen in the ectopically expressed microRNA miR164 (Lauf et al., 2004) and in the double mutant cupshaped cotyledon1/cup-shaped cotyledon2 (Aida et al., 1997). Previous studies carried out by Gonzalez-Carranza et al.
(unpublished) using genetic crosses between hws-1 and other floral mutants has revealed that HWS may play a crucial role in
miRNA biogenesis. In an effort to identify potential substrates of HWS and to identify the role of HWS in miRNA biogenesis, a
population of EMS mutagenized hws-1 was used for isolation and characterization of suppressors of hws-1. Screening a
number of EMS mutagenized hws-1 populations has identified several suppressor lines that are currently under study. From the
identified mutants, two lines, 43.1 and 80.5, were selected for further characterization analysis. These suppressor lines rescue
the distinctive sepal fusion phenotype of hws-1 as well as displaying other phenotypic characteristics. Mapping of the 43.1 line
has provided further evidence that hws-1 may be involved in the miRNA biogenesis as 43.1 revealed to be a novel allele of the
HASTY gene, an orthologue of exportin 5 involved in the miRNA pathway. Mapping of the 80.5 line has revealed that it is a
novel allele of the ASYMMETRIC LEAVES 2 (AS2) gene, which is involved in the formation of a symmetric leaf lamina. The
nature of the mutation recognized as a single nucleotide alteration in the ORF of AS2 causing a premature termination. Gene
expression analyses are underway to determine the interactions between AS2 and HWS in plant development and these results
will be discussed further.

523

THE SAC51 MRNA IS STABILIZED BY THERMOSPERMINE AND MUTAIONS OF RIBOSOMAL PROTEINS

Jun-ichi Kakehi* (Okayama University, Japan), Eri Kawano(Okayama University, Japan), Yoshitaka Kuwashiro(Okayama
University, Japan), Hiroyasu Motose (Okayama University, Japan), Taku Takahashi(Okayama University, Japan)
dns422403@s.okayama-u.ac.jp
The acaulis5 (acl5) mutant is a loss-of-function mutant of thermospermine synthase and exhibits severe dwarf phenotype. To
reveal the role of thermospermine in stem growth, we have previously identified suppressor mutants of acl5 (sac). SAC51
encodes bHLH-type transcription factor. SAC51 has five upstream open reading frames (uORFs) in 5’ leader region. The sac51Page 192
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d mutant has a point mutation in the 4th uORF that results in a premature termination codon. Our results suggest that the
translational efficiency of the main ORF is reduced by the presence of at the 4th uORF in the depletion of thermospermine.
Furthermore, we identified that SAC52, SAC53 and SAC56 encode ribosomal protein L10A (RPL10A), receptor for activated C
kinase 1A (RACK1A), a component of the small ribosomal subunit, and ribosomal protein L4A (RPL4A), respectively. Our
results revealed that the translation efficiency of SAC51 is increased in sac52-d and sac56-d mutants in the absence of
thermospermine, but not altered in sac53-d. SAC51 mRNA is also identified as a target of nonsense-mediated mRNA decay
(NMD) that is one of the mRNA surveillance mechanisms. Therefore, we examined whether the thermospermine affects the
stability of SAC51 mRNA or not. The results showed that SAC51 mRNA is unstable in the acl5 mutant and recovers its stability
by exogenous addition of thermospermine. We further found that sac52-d and sac56-d stabilize SAC51 mRNA, but sac53-d has
little or no effect on the SAC51 mRNA stability. Here we discuss possible mechanisms of how the stem growth of acl5 is rescue
by these mutations.

524

THE IMPORTANCE OF THE EPIDERMIS FOR PHYLLOTAXIS.

Daniel Kierzkowski* (Institute of Plant Sciences, University of Bern, Switzerland), Richard Smith (Institute of Plant Sciences,
University of Bern, Switzerland), Michael Lenhard (Institute of Biochemistry and Biology, University of Potsdam, Germany), Cris
Kuhlemeier (Institute of Plant Sciences, University of Bern, Switzerland)
daniel.kierzkowski@ips.unibe.ch
Leaves and flowers are produced around the stem in a regular arrangement called phyllotaxis. It is controlled by gradients of the
plant hormone auxin, which are established by the activity of the auxin export protein PIN1. PIN1 is expressed in the L1 surface
layer of the meristem and also in prevascular cells of the developing organ primordia. Models of phyllotaxis show that patterning
can be created through positive feedback between auxin and PIN1. Early models suggested that PIN1 expression in the L1
surface layer of the meristem is sufficient for correct patterning. However, more recent models indicate the involvement of PIN1
in internal tissues as well. We used cre/loxP-mediated PIN1 knock-outs as well as cell-layer specific complementation of the
Arabidopsis thaliana pin1 mutant to test the validity of these models. We show that knocking out PIN1 expression only in the L1
layer results in loss of organ initiation. In many cases loss of PIN1 in the L1 is compensated by upregulation of PIN1 in the subepidermal L2 layer, resulting in partial rescue with abnormal phyllotaxis and formation of sterile flowers. We also show that PIN1
expression in the L1 layer is sufficient to fully restore organ formation, fertility and normal phyllotaxis in pin1 mutant background,
but only if the epidermal influx carriers are present. A positive feedback of auxin on PIN1 expression level seems not to be
important for this process. These results demonstrate that correct phyllotactic patterning requires the presence of PIN1 in the L1
surface layer and suggest that PIN1 expression in the L2 layer can compensate for the lack of its expression in the L1.

525

POSSIBLE CROSSTALK BETWEEN PHYTOHORMONE AND CLV3/CLE PEPTIDE SIGNALING PATHWAY IN
ARABIDOPSIS

Atsuko Kinoshita* (RIKEN, Japan), Yusuke Jikumaru (RIKEN, Japan), Yumiko Takebayashi (RIKEN, Japan), Hiroo Fukuda
(University of Tokyo, Japan), Shinichiro Sawa (Kumamoto University, Japan), Yuji Kamiya (RIKEN, Japan)
kino@psc.riken.jp
Multicellular organisms require the precise coordination of cell division and differentiation to ensure organized development.
Phytohormones, such as auxin and cytokinin, have been studied for many years as major signaling molecules for cell-to-cell
communication in plants. In addition, recent findings demonstrated that mobile secretory peptides are also capable of mediating
intercellular signaling in various biological processes. CLAVATA (CLV) 3 is a member of the CLV3/EMBRYO SURROUNDING
REGION-related (CLE) family, and is secreted as a small peptide ligand by the stem cells in the shoot apical meristem (SAM).
CLV3 is perceived by receptor complexes, CLV1 and CLV2-SUPPRESSOR OF LLP1 (SOL) 2/CORYNE (CRN), to restrict the
expression of WUSCHEL (WUS) gene, which is required for the stem cell identity in the SAM. Previously, we have performed a
mutational screen for the insensitivity to the synthetic CLV3 peptide (MCLV3), and demonstrated that a leucine-rich repeat
receptor-like kinase, RECEPTOR-LIKE PROTEIN KINASE (RPK) 2, functions as the third receptor complex operating in the
CLV3 signaling pathway. Here, we will report the hormone accumulation levels in the shoot apex of three rpk2 mutant alleles,
measured by liquid chromatography-tandem mass spectrometry (LC-MS/MS), and discuss possible crosstalks between
phytohormones and CLV3/CLE signaling pathways.

526

THE GENETIC FUNCTION OF ARABIDOPSIS THALIANA GENE LEL

Anna Klepikova* (M.V. Lomonosov Moscow State University, Russia), Maria Logacheva (A.N. Belozersky Institute of PhysicoChemical Biology, M.V. Lomonosov Moscow State University, Russia), Aleksey Penin (M.V. Lomonosov Moscow State
University, Russia)
annklepikova@gmail.com
Arabidopsis thaliana mutant lepidium-like (lel) demonstrate the loss of petals and stamens, male sterility and severe
abnormalities in development. In order to reveal genetic interactions between LEL and other genes involved in flower and shoot
development we generated and analyzed the double mutants lel wus-1, lel syd-1, lel clv3-2, lel er, lel tfl1-11, lel ap3, lel ptl, lel
ap2-1, lel ap2-14 and lel clv1-1. Positional cloning of LEL locus revealed that this gene is a putative transcriptional regulator. To
investigate the changes in gene expression profiles caused by mutation in LEL we used RNA-seq technique. About 1500
differentially expressed genes were found. Among them there are stem cell activity regulators and also genes involved in control
of flower development and transition to flowering. The results of RNA-seq and mutant analysis indicate that LEL is novel
regulator of flower development and meristem activity.
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HPY1 IS REQUIRED FOR BOTH MITOTIC CYCLE AND ENDOCYCLE REGULATION IN ARABIDOPSIS

Shinichiro Komaki* (RIKEN Plant Science Center, Japan), Takashi Ishida (RIKEN Plant Science Center, Japan), Nicola Stacey
(John Innes Centre, UK), Keiko Sugimoto (RIKEN Plant Science Center, Japan)
s-komaki@psc.riken.jp
In plant meristem, cells transit from proliferation to differentiation. Once plant cells stop to proliferate and begin to differentiate,
they often increase their cell volume and DNA content. In Arabidopsis meristem, an increase of DNA content is usually
mediated by a process called endoreduplication cycle or endocycle in which cells repeat DNA replication without dividing. It is
well known that an increase in DNA content through the endocycle is also coupled with cell differentiation but the molecular
mechanism underlying the endocycle progression is largely unknown. To understand mechanisms that control the endocycle,
we performed a genetic screen to identify mutants with altered plant size and DNA content. From this screening, we have
isolated a semi-dominant mutation which we named high ploidy 1 (hpy1). hpy1 shows a premature transition from the mitotic
cycle to the endocycle, resulting in additional endocycling with defective meristems. Morphological analysis reveals that hpy1
has increased trichome branching which is often accompanied by an additional endocycling. In contrast to hpy1, knock-down
mutants of HPY1 exhibit reduced trichome branching. Moreover, ectopic expression of hpy1 is sufficient to drive additional
endocycling in roots, leaves and trichomes, leading to alteration of cell volume and shape. These results suggest that HPY1 is
not only required for the mitotic cycle but also affects the endocycle progression.

528

ANALYSIS OF TDIF SIGNALING THAT CONTROLS VASCULAR STEM CELL DIFFERENTIATION

Yuki Kondo* (The University of Tokyo, Japan), Hiroo Fukuda (The University of Tokyo, Japan)
p@biol.s.u-tokyo.ac.jp
The vascular system, which consists of xylem and phloem cells, plays critical roles in plant growth and development by
transporting water and nutrient throughout the plant body. The vascular cells continued to be produced from procambial/cambial
cells, which behave as vascular stem cells. Recently a dodeca-peptide TDIF was identified as a factor inhibiting tracheary
element differentiation from procambial cells and promoting proliferation of procambial cells. Although it is demonstrated that
TDIF is perceived by the membrane-associated receptor TDIF receptor (TDR) in procambial cells, its intracellular signaling
pathways are largely unknown. In this study, we aimed to understand intracellular signaling pathways downstream of TDR. For
this purpose, we tried to identify proteins interacting with the TDR intracellular kinase domain using the yeast-two-hybrid (Y2H)
method. Among about 5,000,000 clones, we isolated eighteen candidates for TDR-interacting proteins. In further Y2H analysis
with full length of genes, four candidates showed positive interaction. To know the genetic relationship between these genes
and TDR, we collected T-DNA insertion mutants and tested their sensitivity to TDIF. Of them, we found a mutant that shows
resistant to TDIF application, suggesting the involvement of this gene in TDIF/TDR signaling. Considering that this gene
encodes a Ser/Thr kinase, ligand-receptor interaction may initiate intracellular signal transmission through proteins
phosphorylation in the TDIF-TDR signaling pathway.

529

KONJAC1 AND 2 PARTICIPATE IN THE SYNTHESIS OF CELL WALL GLUCOMANNAN AND L-ASCORBIC ACID IN
ARABIDOPSIS

Toshihisa Kotake* (Saitama University, Japan), Noriaki Tajima (Saitama University, Japan), Shota Sawake (Saitama University,
Japan), Jenny Mortimer (University of Cambridge, UK), XiaoLan Yu (University of Cambridge, UK), Paul Dupree (University of
Cambridge, UK), Yoichi Tsumuraya (Saitama University, Japan)
kotake@molbiol.saitama-u.ac.jp
GDP-mannose is a major nucleotide sugar that is utilized for the synthesis of cell wall mannan and glucomannan, L-ascorbic
acid, and mannosyl residues of N-glycan. In order to investigate the pathway of GDP-mannose (GDP-Man) synthesis, we
analyzed Arabidopsis T-DNA insertion mutants, konjac (kjc)1 and kjc2, that have defects in two closely related genes encoding
a putative nucleotide sugar pyrophosphorylase distinct from a major isoform of GDP-Man pyrophosphorylase (GMPP), VTC1.
While single kjc1 and kjc2 mutants grew normally, the double mutant kjc1kjc2 exhibited severe dwarfism. In the kjc1 and
kjc1kjc2 mutants, GMPP activity was decreased to less than 10% of the wild-type plant. In the mutants, approximately 50% Man
were lost in cell walls, whereas other sugars were not affected. Polysaccharide analysis using carbohydrate gel electrophoresis
(PACE) revealed that cell wall glucomannan content was significantly reduced in kjc1 mutant. The kjc1 mutant also appeared to
have reduced L-ascorbic acid level. On the other hand, we could not find significant change in the structure of N-glycan in the
Western blot analysis to detect beta-xylosyl residues attached to mannosyl residues of N-glycans. Recombinant KJC1 and
KJC2 expressed in E. coli did not have any enzymatic activity, but they stimulated GMPP activity of recombinant VTC1. The
results suggest that KJC1 and 2 are involved in glucomannan and L-ascorbic acid synthesis through the regulation of GDP-Man
synthesis catalyzed by VTC1.

530

A NOVEL PAIR OR PROTEINS CONTROLED BY A BIDIRECTIONAL PROMOTER ARE ESSENTIAL FOR SEED
DEVELOPMENT IN ARABIDOPSIS
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Sofia Kourmpetli* (University of Leicester, UK), Rachel Hemsley (UCL, UK), Pascale Rossignol (Yale University, USA), Sinéad
Drea (University of Leicester, UK)
sk425@leicester.ac.uk
Bidirectional gene pairs have been extensively studied in human and mammalian genomes but in the plant kingdom their
reports are scarce. In Arabidopsis, despite the availability of the whole genome sequence and gene annotation information, the
number of reported bidirectional promoter- driven genes with an important functional role is limited. LOWER SEED SET 1
(LSS1) and LOWER SEED SET 2 (LSS2) are a pair of divergent genes that encode for two small previously uncharacterised
proteins (121 and 130 amino acids long, respectively). The two genes are separated by approximately 300 bp, suggesting that
they are both driven by the same, bidirectional promoter. Even though homology searches with cDNA and protein sequences
found orthologues in dicots, monocots and conifers, their protein sequence has no familiar domains or motifs that would indicate
their function. Screening of gene trap and T-DNA insertion lines revealed that the knock-down of both genes results in similar
phenotypes - severely reduced seed set due to embryo development arrest and/or lack of fertilization. Further experiments are
underway to clarify the involvement of these two proteins in embryo development and the way they are controlled by the same
promoter.

531

INVOLVEMENT OF AP2/ERF TRANSCRIPTIONAL REPRESSORS IN CELL DEATH RESPONSES IN ARABIDOPSIS

Tomotsugu Koyama* (Kyoto University, Japan), Haruka Nii (Kyoto Institute of Technology, Japan), Nobutaka Mitsuda (AIST,
Japan), Sakihito Kitajima (Kyoto Institute of Technology, Japan), Masaru Ohme-Takagi (AIST, Japan), Fumihiko Sato (Kyoto
University, Japan)
t-koyama@lif.kyoto-u.ac.jp
Cell death in plants is induced by internal and external cues. The integration of many inputs leading to cell death is achieved by
actions of transcription factors. In this study, we found that transcriptional repressors of AP2/ERF family regulate cell death and
these repressors are controlled by proteolysis. Since we previously demonstrated that NtUBC2, a ubiquitin-conjugating enzyme,
specifically interacts with Nicotiana tabacum ERF3 (NtERF3) in yeast two-hybrid system, we examined the stability of NtERF3.
Bacterially expressed NtERF3 was rapidly degraded by plant protein extracts in vitro. Accumulation of GFP-NtERF3 was low in
transgenic Arabidopsis plants, but increased by treatment with MG132, a proteasome inhibitor. A mutated NtERF3 with deletion
of the specific region responsible for their instability resulted in over accumulation of NtERF3 in transgenic Arabidopsis plants
and induced cell death associated with hydrogen peroxide production. AtERF4, which is similar to NtERF3, caused ectopic cell
death in transgenic Arabidopsis plants. Microarray analysis revealed that AtERF4 induced expression of many genes involving
in cell death. These results suggest that NtERF3 and AtERF4 are positive regulators of cell death and controlled by
proteasome.

532

VACUOLAR PH – WHO IS IN CHARGE?

Anne Kriegel* (COS, University of Heidelberg, Germany), Melanie Krebs (COS, University of Heidelberg, Germany), Karin
Schumacher (COS, University of Heidelberg, Germany)
anne.kriegel@cos.uni-heidelberg.de
+

+

In plant cells the vacuolar H -pyrophosphatase (V-PPase) and the vacuolar H -ATPase (V-ATPase) are assumed to be
responsible for acidification of the lytic vacuole. Both pumps are thought to act together in establishing the transmembrane
proton gradient (∆pHVac) which drives solute transport across the tonoplast. However, their individual contribution to ∆pHVac
remains to be established. In a mutant lacking the tonoplast-specific V-ATPase (vha-a2 vha-a3) the vacuolar pH is elevated
(pH6.4) but remains significantly more acidic than the cytosol (pH7.4). Surprisingly, lack of the V-PPase does not affect vacuolar
pH and it was recently shown that the main function of AVP1 is in the hydrolysis of cytosolic PPi, rather than vacuolar
acidification (Ferjani et al., 2011). In agreement with these findings plants overexpressing the V-PPase in the tonoplast VATPase mutant background were not able to restore the reduced growth phenotype. We will describe the phenotype of a triple
mutant lacking both the tonoplast V-ATPase and the V-PPase and will present data that strongly suggests a contribution of the
endosomal V-ATPase to vacuolar pH.

533

REGULATION OF THE ARABIDOPSIS AIL/PLT GENE, AINTEGUMENTA-LIKE6 (AIL6), REQUIRES INTRONIC
SEQUENCES

Beth A. Krizek* (Dept. of Biological Sciences, Univ. of South Carolina, Columbia, SC USA)
krizek@sc.edu
The AINTEGUMENTA-LIKE6/PLETHORA3 (AIL6/PLT3) gene of Arabidopsis thaliana is a key regulator of growth and
development in both shoots and roots. AIL6 encodes an AP2-type transcription factor that is expressed in the quiescent center
of the root, the peripheral region of the shoot apical meristem, and young lateral organ primordia. In flowers, AIL6 acts
redundantly with AINTEGUMENTA (ANT) to regulate floral organ positioning, growth and identity. While transgenic plants
containing a genomic fragment of AIL6 that includes 7.7kb of 5’ sequence and 900bp of 3’ sequence complement ant ail6,
transgenic plants containing the AIL6 coding region fused to the same 5’ and 3’ sequences exhibit only partial complementation.
These results suggest that intronic sequences serve as transcriptional enhancer elements and/or play a role in posttranscriptional regulation. GUS reporter lines were used to show that introns contain enhancer elements required for AIL6
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expression in flowers. Experiments investigating the potential role of introns in regulating AIL6 mRNA stability are also being
conducted.

534

MOLECULAR REGULATION OF VASCULAR CAMBIUM IDENTITY AND ACTIVITY IN TREES

Melis Kucukoglu* (Swedish University of Agricultural Sciences, Sweden), Jeanette Nilsson (Umeå University, Sweden), Bo
Zheng (Huazhong Agricultural University, People's Republic of China), Göran Sandberg (Umeå University, Sweden), Ove
Nilsson (Swedish University of Agricultural Sciences, Sweden)
Melis.Kucukoglu@slu.se
Radial growth of woody plants starts in the cambial zone where meristematic stem cells reside and give rise to wood
centripetally and phloem centrifugally. Despite the fundamental importance of cambial zone and its derivatives, molecular and
genetic mechanisms regulating the maintenance and differentiation of these cells as well as the patterning during the secondary
growth of the woody plants is currently poorly understood. Previously, we have identified a positive feed-forward loop involving
a WUSCHEL-like gene PtHB3, a CLE41/44-like gene PtCLE41 and a receptor-like kinase gene PtRLK3 to regulate the identity
and activity of the vascular cambium in trees. Transgenic Populus trees that express an RNAi construct designed to knockdown
the PtHB3 gene expression, had a severe reduction in the width of the vascular cambium and the secondary growth, showing
that PtHB3 plays a major role in controlling the cell identity and division activity in the vascular cambium. Here, we demonstrate
the cloning and functional characterization of two more Populus CLE41/44-like genes, namely PtCLE44A and PtCLE44B, which
share a high homology with PtCLE41. Ectopic over-expression of PtCLE44A and PtCLE44B genes in trees caused dwarf
phenotypes with vivid loss of cell division orientation and the patterning of the vascular tissues, suggesting a functional
redundancy between these genes and PtCLE41. Their misexpression also triggered changes in expression of previously
described PtHB3 and PtRLK3. We are currently analyzing the transgenic RNAi trees targeting these genes to get a better
understanding of their functions and transcriptional networks that they are involved in.

535

PARENTAL GENOME IMBALANCE IN BRASSICA OLERACEA CAUSES ASYMMETRIC TRIPLOID BLOCK

Smita Kurup* (Rothamsted Research, UK), Andrew I. Stoute (Rothamsted Research, UK), Valentyna Varenko (University of
Bath, UK), Graham J. King (Southern Cross University, Australia), Roderick J. Scott (University of Bath, UK)
Smita.Kurup@rothamsted.ac.uk
Interploidy crosses fail in many plant species due to abnormalities in endosperm development. In the inbreeding species
Arabidopsis thaliana, both paternal and maternal excess interploidy crosses usually result in viable seed that exhibit parent-oforigin effects on endosperm development and final seed size. Paternal excess crosses result in extended proliferation of the
endosperm and larger seed, while conversely maternal excess crosses result in early endosperm cellularisation and smaller
seed. Investigations into the effect of parental gene dosage on seed development have revealed that MADS box transcription
factors, particularly the AGAMOUS-like family play important roles in controlling endosperm proliferation. The important crop
genus Brassica contains self-incompatible out-breeding species and has a larger and more complex genome than the closely
related Arabidopsis. We show that although Brassica oleracea displays strong parent-of-origin effects on seed development,
triploid block due to lethal disruption of endosperm development was restricted to paternal excess, with maternal excess
crosses yielding viable seed. In addition, transcriptome analyses of Brassica homologs of Arabidopsis genes linked to parent-oforigin effects revealed conservation of some mechanisms controlling aspects endosperm behaviour in the two species.
However, there were also differences that may explain the failure of the paternal excess cross in B. oleracea.

536

REGULATION OF SHOOT APICAL MERISTEM AND COTYLEDON FORMATION BY SEUSS AND SEUSS-LIKE 2 IN
ARABIDOPSIS

Joanne Lee* (University of Melbourne, Australia), Albrecht von Arnim (University of Tennessee, United States), John Golz
(University of Melbourne, Australia)
j.lee6@student.unimelb.edu.au
The shoot apical meristem (SAM) is a stem cell-containing tissue from which new organs and tissues arise. We have recently
reported that the Arabidopsis proteins SEUSS (SEU) and SEUSS-LIKE 2 (SLK2) are components of a transcriptional regulatory
complex that promotes SAM maintenance via a leaf-derived signal. The complex may also be necessary for SAM formation
during embryogenesis, as seu slk2 double mutants fail to form a functional SAM. Here, we show that seu slk2 embryos have
significantly reduced expression of the SAM-promoting KNOX transcription factors SHOOTMERISTEMLESS and
BREVIPEDICELLUS (BP), whereas other genes associated with SAM development are unaffected. However, ectopic
expression of BP was not sufficient to restore SAM formation in seu slk2 mutants. Since we have found that SEU and SLK2
physically interact with KNOXs, a possible explanation is that these proteins function together in a SAM-promoting complex that
also maintains KNOX expression. In order to determine where the SAM-promoting signal arises, we are examining the capacity
of YFP-SLK2 to complement the meristemless phenotype when expressed in different regions of seu slk2 embryos. Results to
date indicate that SLK2 activity in the abaxial region of cotyledons is sufficient to restore SAM function, consistent with the
complex acting via a non-cell-autonomous signaling pathway. In addition to loss of SAM formation, seu slk2 mutants also
display other developmental defects such as delayed cotyledon outgrowth. Reporter gene analysis shows that this phenotype is
associated with changes in auxin transport and response. A previous study has found that SEU physically interacts with ETTIN,
a member of the AUXIN RESPONSE FACTOR (ARF) family of transcription factors. We have extended this analysis to show
that SEU and SLKs interact with several repressive ARFs, but not with an activator ARF. These data suggest that SEU/SLKs
regulate auxin signaling by modulating the activity of repressive ARFs.
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MISEXPRESSED CAPRICE PROTEIN IS PREFERNTIALLY LOCALIZED IN A POSITION DEPENDENT MANNER IN
THE ARABIDOPSIS ROOT EPIDERMIS

Myeong Min Lee* (Yonsei University, Korea), Yeon Hee Kang (Yonsei University, Korea), Sang-Kee Song (Yonsei University,
Korea), John Schiefelbein (University of Michigan, USA)
mmlee@yonsei.ac.kr
Arabidopsis root epidermis consists of two distinct types of cells, hair cells and non-hair cells. The specification of these cells is
controlled by a group of transcription factors, and the CAPRICE (CPC)-mediated lateral inhibition mechanism has been
suggested. CPC coding for an R3 single-repeat MYB protein is expressed in N-position cells, whereas functions only in Hposition cells and directs the hair cell fate specification. To investigate how CPC induces hair cell fate, we examined the effects
of misexpressed CPC by adopting a number of promoters in various genetic and transgenic backgrounds. Here we show that
CPC moves easily within the root tissues, and CPC movement is not crucial for its proper function. Furthermore, we show that
the factors required for the nuclear-localization of CPC protein play an important role in the cell position-specific localization of
CPC.

538

ROLE OF A MATE GENE IN SHOOT BRANCHING ARABIDOPSIS

Sookjin Lee* (Seoul National University, Korea), Hyungmin Roh (Seoul National University, Korea), Jong Seob Lee (Seoul
National University, Korea)
shy1011@snu.ac.kr
Shoot branching is regarded as a survival strategy for plants to adapt to environmental changes and is controlled by plant
hormones. Although auxin is known to play a major role in shoot branching, it requires other molecules or hormones to control
shoot branching, which include cytokinins and strigolactones. Recently, flavonoids have been proposed to be new compounds
regulating auxin action. Nevertheless, their interactions with auxin have not been clarified yet. We have focused on elucidation
of the novel shoot branching mechanism involving flavonoids in plants. Here, we report that a member of the multidrug and toxin
efflux (MATE) gene family regulates shoot branching in Arabidopsis. We isolated a mutant designated as msd1-1D (multiple
shooting and dwarf1-1D) in which a MATE gene is transcriptionally activated. msd1-1D displayed a bushy and dwarf phenotype.
On the contrary to msd1-1D, its loss of function mutant, msd1-1, exhibited strong apical dominance and a tall height. The MSD1
gene fused to GUS was mainly expressed in the shoot apex. By employing the fluorescence analysis of flavonoid-DPBA
conjugates, we identified that flavonoids were more accumulated in msd1-1D than in WT. We also examined the amino acid
residues essential for the MSD1 activity by site-directed mutagenesis of the MSD1 protein. Overexpressed MSD1 induced
alteration in polar distribution of PIN proteins. We propose that MSD1 may play a role in regulating shoot branching through the
accumulation of flavonoids that function as endogenous regulators of auxin transport in Arabidopsis.

539

BRASSINOSTEROID REGULATION OF VASCULAR DEVELOPMENT IN ARABIDOPSIS THALIANA

Reinhard Lehner* (Centre for Research in Agricultural Genomics, Spain), Mary-Paz González-García (Centre for Research in
Agricultural Genomics, Spain), Konstantinos Alexiou (Centre for Research in Agricultural Genomics, Spain), Philip Benfey (Duke
University, USA), Ana I. Caño-Delgado (Centre for Research in Agricultural Genomics, Spain)
reinhard.lehner@cragenomica.es
The plant vascular tissue is unique to its diverse and dynamic cellular patterns, formed by a continuous network. It is composed
of two types of conducting tissues emerging from the intermediate totipotent procambium cells: xylem and phloem. Vascular
tissue formation is regulated by plant hormones. From those, Brassinosteroids (BRs) have been reported to act in conjunction
with auxin to elaborate the vascular pattern in the plant shoot (Ibañes et al., 2009). In Arabidopsis, three-receptor like-kinase
protein homologues have been described to bind to BRs. BRI1 receptor is ubiquitously expressed whereas BRL1 and BRL3 are
expressed in the vascular tissue (Caño-Delgado., et al 2004). We have analyzed the vascular phenotypes of a number of BR
signaling mutants. Next, to identify vascular BR-regulated genes, a transcriptomic approach has been taken that uses cell
sorted cells (by FACS) of vascular cell-type markers of Arabidopsis roots. Meta-analysis of BR responsive genes leads to the
identification of a set of novel factors regulated by BRs, which expression is enriched in the vasculature. Currently on-going
functional analysis involves the analysis of T-DNA insertion mutants for phenotypical abnormalities in the vascular;
overexpression and epistasis analysis to known vascular mutants will be presented at the conference.

540

THE FUNCTIONAL ANALYSIS OF THE PROTEIN ATCFL1 IN REGULATING CUTICLE DEVELOPMENT AND
FLOWERING

Shibai Li* (Peking University, China), Li-Jia Qu (Peking University, China), Hongya Gu (Peking University, China)
lishibai@pku.edu.cn
Plant epidermal cells are the main interface between plants and environment. The hydrophobic surface outside the epidermal
cells protects plants against water loss and animal injury, and thus plays an important role during plant development. We have
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reported that the over-expression of AtCFL1 gene results in the phenotypes such cotyledon fusion, dwarfism and early flowering
in Arabidopsis. AtCFL1 interacts with the transcription factor HDG1. Our results suggest that AtCFL1 negatively regulate cuticle
development by affecting the function of HDG1 and its downstream genes including BDG and FDH. To reveal how AtCFL1
regulate flowering, we carried out a yeast two-hybrid screen for interactors of AtCFL1 using a transcription factor library. Some
transcription factors were found to interact with AtCFL1; among them an unknown protein named as 1140 was identified to be
associated with AtCFL1. Over-expression of 1140 causes early-flowering and cuticle-defective phenotypes, mimicking those
observed in AtCFL1 over-expression lines. We hypothesize that some common signals may regulate flowering and cuticle
development. The studies on the relationships between the two physiological processes are underway.

541

DETAILED PHENOTYPIC ANALYSES OF LEAF GROWTH IN SALK T-DNA MUTAGENESIS LINES REVEAL NEW
GENES CONTROLLING SHOOT DEVELOPMENT

Maryline Lièvre* (Institut National de Recherche Agronomique, France), Mathilde Bettembourg (Institut National de Recherche
Agronomique, France), Myriam Dauzat (Institut National de Recherche Agronomique, France), David Wilson-Sanchez
(Universidad Miguel Hernández, Spain), José Manuel Pérez-Pérez (Universidad Miguel Hernández, Spain); María Rosa Ponce
(Universidad Miguel Hernández, Spain); Jose Luis Micol (Universidad Miguel Hernández, Spain), Christine Granier (Institut
National de Recherche Agronomique, France)
lievre@supagro.inra.fr
Leaf growth control is only partly understood and the circuitry that links the different levels of organization from molecules to
molecular networks, cells, tissue, leaf and whole plant remains to be uncovered. Taking advantage of the T-DNA Arabidopsis
mutant line collection generated by the SALK institute, and of phenotyping facilities available in Elche and Montpellier, we
searched for new mutants affected in their leaf phenotypes. Over 14000 lines were grown in vitro and harvested for phenotypic
characterization 18 days after sowing. From this first screen, 119 mutants affected either in leaf size, number, color or shape
were selected for a more in-depth leaf growth phenotypic analysis. They were grown in soil in the PHENOPSIS platform and
phenotypic traits were recorded both at 18 days after sowing and at flowering. Phenotypes were globally well-conserved
between the two growth conditions when recorded at 18 days after sowing. Whereas qualitative traits (such as color and shape
of leaves) were reproducible between both dates of measurements, quantitative traits were not conserved over time. Plants
identified as bigger than the wild-type at early stages of development could finally have the same size or even smaller rosette
areas at the end of their growth. Analyses of leaf growth dynamics showed that compensation between rate and duration of leaf
growth could occur thereby affecting the ranking of genotypes over time. Our study highlights that it is important to take growth
dynamics into account in plant phenotyping to avoid misinterpretations. Interestingly, only a very small proportion of the genes
identified in our screen had been previously described as required for leaf development suggesting that the SALK collection has
a strong potential for identifying new genes controlling growth and improving actual molecular networks.

542

THE GRAS TRANSCRIPTION REGULATORS SHR, SCL23, AND SCR CONTROL SHOOT GROWTH AND
DEVELOPMENT

Jun Lim* (Konkuk University, Korea), Mi-Hyun Lee (Konkuk University, Korea), Shin Ae Lee (Konkuk University, Korea), JungOk Heo (Konkuk University, Korea)
jlim@konkuk.ac.kr
The SHR/SCR pathway plays an important role in ground tissue patterning and stem cell maintenance in Arabidopsis roots.
Besides its role in the root system, the SHR function in the shoot is, however, relatively less explored. Here, we provide
evidence that SCARECROW-LIKE 23 (SCL23), which is most closely related to SCR among GRAS family members and its
expression is detected only in the shoot, is also involved in the SHR-dependent pathway. Like the SHR/SCR module in the root,
SCL23 interacts with SHR at the protein level, and also SHR regulates transcription of SCL23, directly binding to its promoter.
More interestingly, the SHR binding to the SCL23 promoter depends on SCL23, suggesting that SHR likely forms a heterodimer
with SCL23 in the shoot system. Furthermore, shr is epistatic to scl23, like the genetic relationship between shr and scr. In
addition, scl23 and scr act, in part, redundantly in leaf growth and development. Interestingly, shr scl23 scr triple mutants
showed a novel shoot phenotype, including round-shaped leaves with extremely shortened petioles. Taken together, our
findings indicate that the SHR/SCL23 module in the shoot vasculature, along with the SHR/SCR pathway in the endodermis
lineage, acts as positive regulators in the control of growth and development in the Arabidopsis shoot system. The interplay of
the three GRAS transcription regulators (SHR, SCL23 and SCR) in the shoot system should provide new insights into the
molecular interactions controlling leaf growth and development.

543

COMPLEMENTATION ANALYSIS OF NICOTIANA TOBACUM POLYKETIDE SYNTHASE A1 AND A2 IN
ARABIDOPSIS THALIANA

Ying-Chen Lin* (The University of Hong Kong, Hong Kong), Clive Lo (The University of Hong Kong, Hong Kong)
h1092107@hku.hk
In flowering plants, pollen grains are surrounded by extremely strong outer walls providing solid and firm structure for protecting
pollen and species-specific interaction with female stigma. The outer wall of pollen referred to as exine is composed of
sporopollenin polymer, while the composition and synthesis of sporopollenin remains poorly understood. Previous studies have
indicated that Arabidopsis Polyketide Synthases (PKSs), AtPKSA and AtPKSB, take part in biosynthesis of sporopollenin. Two
homologous NtPKSA1 and NtPKSA2 were found in tobacco (Nicotiana tabacum). Results of RT-PCR and in situ hybridization
revealed that NtPKSA1 and NtPKSA2 are specifically and transiently expressed in tapetal cells during microspore development
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in tobacco anthers. Enzymatic assays show that NtPKSA1 and NtPKSA2 encode anther-specific enzymes using fatty acylcoenzyme A and p-coumaroyl coenzyme A as substrate to yield tri-and tetraketide pyrones and bisnoryangonin respectively.
Complementation experiments of NtPKSA2 expressed in Arabidopsis atpksb homozygous mutant were performed. Functional
conservation of the tobacco homologs in Arabidopsis will be investigated and discussed.

544

UNRAVELLING THE ROLE OF TEMPRANILLO GENES IN DIFFERENT FLOWERING-TIME PATHWAYS

Esther Marín-González* (CRAG, Spain), Paula Suárez-López (CRAG, Spain), Soraya Pelaz (CRAG, Spain)
esther.marin@cragenomica.es
Floral induction is probably the most important process in plant development since it leads to the formation of the reproductive
structures. In Arabidopsis, floral induction is mainly triggered via the activation of the florigen FLOWERING LOCUS T (FT) by
CONSTANS (CO) under long days (LD), while in non-inductive short-day (SD) conditions, flowering largely depends on the
accumulation of gibberellins (GAs). In our group, we are interested in the study of the TEMPRANILLO (TEM) transcription
factors, which belong to the RAV family. Recently, it has been demonstrated by our group that TEM genes play a key role in
inhibiting flowering under both inductive and non-inductive conditions, directly repressing FT and GA biosynthesis genes. In
order to better characterize the molecular mechanism underlying the regulation of flowering by TEM, we are studying the
interplay between different environmental signals, such as light and temperature and the TEM1, TEM2 and RAV1 genes. We
will present results on the control and function of these genes in different flowering-time pathways. Moreover, our preliminary
results suggest that TEM and RAV genes could be involved in the endogenous pathways controlled by the microRNAs miR156
and miR172. Our work points at TEM as key factors, integrating cues from different flowering pathways upstream of FT and
GAs, possibly interacting with other floral repressors.

545

CALCIUM-DEPENDENT PROTEIN KINASE CPK28 OF ARABIDOPSIS THALIANA PLAYS A ROLE IN PLANT STEM
ELONGATION AND VASCULAR DEVELOPMENT

Susanne Matschi* (DCPS, Freie Universität Berlin, Germany), Sören Werner (DCPS, Freie Universität Berlin, Germany), Julia
Legen (Humboldt Universität Berlin), Tina Romeis (DCPS, Freie Universität Berlin, Germany)
susanne.matschi@fu-berlin.de
Plant architecture is a species specific, complex matter, whose actual characteristics are, beyond genetic prepositions,
dependent on environmental stimuli such as light, temperature, humidity or nutrient status. We have identified a Calcium
Dependent Protein Kinase (CDPK) in Arabidopsis thaliana that is likely to function in stem elongation and vascular development
during the reproductive phase of the plants’ life cycle. Two independent mutant alleles of CPK28 show an identical stem
elongation phenotype with disturbed apical dominance. This phenotype is accompanied by shorter leaf petioles and crinkly
leaves, increasingly pronounced during plant development. The penetration of the phenotype varies from the complete loss of
shoot elongation up to a plant structure with increased lateral shoot growth and a missing main shoot. Morphological evaluation
by stem sections revealed a disturbed vascular pattern of the flower stem with underdeveloped xylem and increased secondary
growth in the mutant plants. Concordant with this finding is a transcriptional misregulation of NAC transcription factors known to
play a role in secondary growth in the mutants. Rescue of the mutant phenotype can be obtained by complementation with the
functional CPK28 expressed under its native and 35S promoter, as well as under the control of phloem- and meristem-specific
promoters. An inactive kinase variant fails to complement the phenotype, which indicates that CPK28 protein kinase activity is
required for natural plant stem development. Complementation of the phenotype by external application of the hormone
gibberellic acid and misregulation of GA metabolic enzymes in the mutant indicate an influence of CPK28 on the plants’
hormone status. Biochemical characterization with different purified enzyme variants demonstrates the calcium-dependent
protein kinase activity with an important function of previously identified phosphorylation sites for full protein kinase activity in
vitro.
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MOLECULAR AND STRUCTURAL DETERMINANTS OF CELLULAR POLARITY OF THE ENP PROTEIN

Michaela Matthes* (TU München, Germany), Miriam Luichtl (TU München, Germany), Birgit Fiesselmann (TU München,
Germany), Ottilie Peis (TU München, Germany), Ramon A. Torres-Ruiz (TU München, Germany)
mmatthes@wzw.tum.de
Mutations in the Ser/Thr kinase PINOID (PID) and the NPH3-like protein ENHANCER OF PINOID (ENP) lead to basal instead
of apical localisation of the auxin efflux carrier PIN1 in the epidermis of the Arabidopsis embryo. Interestingly, ENP is also
apically localised in the epidermis. It is not clear whether polarity of one of these proteins determines or precedes the polarity of
the other. NPH3 and ENP share several conserved domains with unknown functional significance. We are interested to know
whether particular domains/structures of the ENP protein are responsible for its capability to polarize and whether this can be
separated from other functions as for instance to support PIN1 polarity. We have performed analyses with different ENP protein
variants. Our preliminary analyses indicate that particular domains of the protein have different significance for different
functions. The presented data will be discussed in the context of ENPs role in cellular polarity.
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IDENTIFICATION OF NOVEL REGULATORS OF ROOT DEVELOPMENT USING NATURAL VARIATION AT THE
CELLULAR LEVEL

Mónica Meijón* (Gregor Mendel Institute of Molecular Plant Biology, Austria), Wolfgang Busch (Gregor Mendel Institute of
Molecular Plant Biology, Austria)
monica.meijon@gmi.oeaw.ac.at
The root of Arabidopsis thaliana can be used as a model system to study developmental and adaptive processes in plants. Its
simple architecture facilitates highly standardized morphometric measurements of cells and cell types using images obtained by
confocal microscopy. This opens up the possibility of studying the cellular bases of root development using quantitative
genetics. To this end, we are using a novel approach that combines high throughput confocal microscope imaging of roots with
genome wide association studies. We have quantified 6 traits at the cellular level of more than 200 different natural accessions,
thereby sampling the worldwide distribution of Arabidopsis. Using the most significant peaks and conducting data mining on
nearby genes, we have identified several high confidence candidate genes. Notably, polymorphisms in a F-Box gene were
highly associated with the variation of the meristem length and the cell length of mature cortex cells, which are two independent
but highly correlated traits. Using qPCR we could show that the expression of the F-Box gene is expressed significantly higher
in root tips from accessions with longer meristems and longer mature cells than in root tips from accessions with shorter
meristems and shorter mature cells. Other notable candidate genes were encoding for a phloem specific protein and GRAS
family transcription factor that both were associated with the width of the differentiated vasculature tissue. The transcripts of
those genes are strongly enriched in the mature vasculature tissue. Two independent T-DNA insertions lines in close proximity
to the promoter region of the phloem specific protein gene that lead to a strong overexpression of the transcript showed a root
developmental phenotype with a significantly increased width of the mature vasculature. However, the width of the stele in the
meristem was not increased if compared to wild type, thereby strongly indicating that the candidate gene is specifically involved
in vasculature differentiation.

548

CELL FATE AND LINEAGE ANALYSIS DURING ARABIDOPSIS ROOT REGENERATION

Alison Mello* (New York University, USA), Kenneth Birnbaum (New York University, USA)
aem406@nyu.edu
During the process of root regeneration, distal cell fates and meristem patterning are re-established from the remaining
population of differentiated cells in the absence of the stem-cell niche (quiescent center (QC) and initials). Previous
characterizations of the regenerating root have provided some clues into which differentiated tissues contribute to the reestablished tip; however, no direct means of assessing the origins of new tissues has been performed, and the relative
contribution of each cell file remains unclear. To address these issues, we generated a series of inducible, tissue-specific
lineage markers covering the major root tissues and traced the paths of lineage-marked sectors and their overlap with
characterized tissue-specific markers in regenerating roots. Refined time-course analyses revealed that the contributions of the
remaining files are consistent and limited (endodermis-> epidermis, lateral root cap; pericycle-> endodermis/cortex; epidermis;
stele->QC, columella), and in many cases, do not require passing through the new QC or initials. Cutting roots at different
positions along the proximal-distal axis of the tapering tip demonstrated that even slight changes in the radial (internal)
positioning of the remaining files causes a shift in their resulting contributions to the regenerated structure. For example,
pericycle contributes to more internal files (new endodermis) in proximal cuttings than in distal cuttings (new epidermis),
suggesting that the root meristematic cells have broad potential to trans-differentiate during this process. Taken together, these
tools allow us to construct a more refined fate-map for root regeneration as well as gain further insight into the natural
competency of different cell-types in this system.
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CDK AND CYCLIN BOTH NECESSARY FOR INTERACTION WITH CDK INHIBITOR LGO

Heather M. Meyer* (Cornell University, USA), Adrienne H.K. Roeder (Cornell University, USA)
Hmm79@cornell.edu
The formation of unique cell shapes and architectural patterns on the Arabidopsis sepal is highly regulated by the cell cycle.
Both small cells (starting at 10 microns in length) and giant cells (averaging 360 microns in length) encompass the outer
epidermis of the sepal, forming patterns necessary for proper organ development. Normal mitotic division controls the
development of small cells, whereas endoreduplication – a process in which a cell duplicates its chromosomes but does not
undergo mitotic division or cytokinesis – controls the development of giant cells. A Siamese-related, Cyclin-Dependent Kinase
(CDK) inhibitor– LOSS OF GIANT CELLS FROM ORGANS (LGO) – modulates giant cell formation and increases the likelihood
of endoreduplication. Nevertheless, the mechanism by which LGO influences endoredupication is currently unknown. LGO,
SIAMESE, and additional family members have been shown to interact with cyclins and CDKs. However, there are significant
discrepancies within the literature surrounding the interplay of LGO and cyclins/ CDKs. Consequently, Bimolecular
Complementation (BiFC) analyses were used to study protein-protein interactions between LGO and various cyclins and CDKs.
Our preliminary data suggests that LGO may: 1) bind to multiple cyclins/ CDKs and 2) be involved in a multi-protein complex
where both cyclins and CDKs are necessary for an interaction. These results have been exhibited with LGO, CDKA;1 and
CYCD1;1, as well as LGO, CDKB;1, and CYCA3;2.
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THE ROLE OF SYMPLASTIC CONNECTION IN ARABIDOPSIS PHLOEM PATTERNING
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Shunsuke Miyashima* (University of Helsinki, Finland), Iris Sevilem (University of Helsinki, Finland), Anne Vatén (University of
Helsinki, Finland), Yka Helariutta (University of Helsinki, Finland)
shunsuke.miyashima@helsinki.fi
Phloem, one of the conductive tissues in vascular plant, is composed of two types of cell, sieve element (SE) and companion
cells (CC). While SE is differentiated as a trafficking tube, CC is formed neighboring to SE and loads/unloads the phloem
compounds to SE through the plasmodesmata (PD), membrane-lined pores that allow symplastic movement of molecules
between cells. SE-CC patterning is crucial for creating a functional unit for phloem transport, however, little is known about the
molecular mechanisms that regulate this patterning process. It is widely known that intercellular communication regulates the
tissue patterning of multicellular organisms. We have recently reported the dominant mutations in CALLOSE SYNTHASE 3
(CALS3) gene, a member of the glycosyl transferase family, lead to over accumulation of PD localized callose and the
enhanced callose accumulation is accompanied with a reduced PD aperture. Combined these gain-of-function mutations in
CALS3 gene to a vector system that allows cell type specific and inducible control of expression of the transgene, we
established the molecular tools, icals3m, which enable us to block the symplastic communication from each cell type in
inducible manner. Using this new tool, we demonstrated that several cell signaling events are symplastically transmitted within
root meristem. In addition, we specifically expressed icals3m in developing phloem in Arabidopsis root and found that the
symplastic communication between SE and CC is required for the proper patterning formation in root phloem.

551

BERBERINE ENHANCES DEFECTS IN THE ESTABLISHMENT OF LEAF ADAXIAL-ABAXIAL POLARITY IN
ASYMMETRIC LEAVES1 AND ASYMMETRIC LEAVES2 OF ARABIDOPSIS THALIANA

Ayami Nakagawa* (Chubu University, Japan), Hiro Takahashi (Chubu University, Japan), Shoko Kojima (Chubu University,
Japan), Nobuo Sato (Chubu University, Japan), Kazuomi Ohga (Chubu University, Japan), Byung Yoon Cha (Chubu University,
Japan), Je-Tae Woo (Chubu University, Japan), Kazuo Nagai (Chubu University, Japan), Gorou Horiguchi (Rikkyo University,
Japan), Hirokazu Tsukaya (The University of Tokyo, Japan), Yasunori Machida (Nagoya University, Japan), Chiyoko Machida
(Chubu University, Japan)
ayami_n@isc.chubu.ac.jp
Leaves develop as flat lateral organs from the indeterminate shoot apical meristem. The establishment of polarity along threedimensional axes, proximal-distal, medial-lateral, and adaxial-abaxial axes, is crucial for the growth of normal leaves. The
mutations of ASYMMETRIC LEAVES1 (AS1) and AS2 of Arabidopsis thaliana cause defects in repression of the indeterminate
state and the establishment of axis formation in leaves. Although many mutations have been identified that enhance the adaxialabaxial polarity defects of as1 and as2 mutants, the roles of the causative genes in leaf development are still unknown. In this
study, we found that wild-type plants treated with berberine produced pointed leaves, which are often observed in the single
mutants that enhance phenotypes of as1 and as2 mutants. The berberine-treated as1 and as2 mutants formed abaxialized
filamentous leaves. Berberine, an isoquinoline alkaloid compound naturally produced in various plant sources, has a growth
inhibitory effect on plants that do not produce berberine. We further showed that transcript levels of meristem-specific class 1
KNOX homeobox genes and abaxial determinant genes were increased in berberine-treated as1 and as2. Treatment of double
mutations of AS2 and the large subunit ribosomal protein gene RPL5B with berberine showed more severe defects in polarity
than did the as2 single mutants plants. We suggest that berberine inhibits a factor(s) that might be required for leaf adaxial cell
differentiation through an independent pathway from AS1-AS2. Multiple pathways might play important roles in the formation of
flat symmetric leaves.

552

THE ROLE OF COP1 IN REGULATION OF PLANT SIZE AND ARCHITECTURE IN ARABIDOPSIS

Mayu Nakagawa* (Nagoya University, Japan), Takamasa Suzuki (Nagoya University, JST ERATO Higashiyama Live-Holonics
Project, Japan), Tetsuya Higashiyama (Nagoya University, JST ERATO Higashiyama Live-Holonics Project, Japan), Sumie
Ishiguro (Nagoya University, Japan)
nakagawa.m@nagoya-u.jp
Plants use environmental light not only as an energy source of photosynthesis but also as an informational signal to control their
development. The CONSTITUTIVE PHOTOMORPHOGENIC 1 (COP1) gene of Arabidopsis encodes an E3 ligase. The
seedlings of the cop1 mutants grown in the dark resemble the morphology of wild-type seedlings they grow in the light. These
mutants are called “photomorphogenesis mutants”. Under light conditions, many photomorphogenesis mutants in turn show
dwarfing and decreased apical dominance. The cop1 mutants also reduce plant height and increase numbers of secondary
rosette branches. In this study, we analyzed the inflorescence morphology of cop1 mutants to elucidate how light signals control
the plant size and architecture. The elongation growth of primary shoot in cop1 plants was prematurely arrested after giving rise
only to about ten flowers. We found that in the cop1-6 stems, both longitudinal cell elongation and cell number were reduced. In
order to analyze the mechanisms of COP1 in controlling cell elongation and proliferation activity of inflorescence meristem, we
have screened for mutants that suppressed the dwarf phenotype of cop1-6, designated "eat me cake" (emc). The emc1, 2 and 3
mutants have increased plant height and increased branching of inflorescence. Meanwhile, the longitudinal cell sizes of primary
stems of these emc mutants were similar to those of cop1-6 plants. Thus, the emc mutations inhibit the arrest of cell proliferation
of inflorescence stems in cop1. The emc mutants showed photomorphogenic development when grown in darkness, indicating
that the emc mutations promoted inflorescence stem elongation pathways are independent of scotomorphogenesis pathways.
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ROLES OF WOX GENES IN BLADE OUTGROWTH AND ADAXIAL/ABAXIAL PATTERNING OF THE ARABIDOPSIS
LEAF
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Miyuki Nakata* (National Institute for Basic Biology, Japan), Noritaka Matsumoto (Kyoto University, Japan), Ryuji Tsugeki
(Kyoto University, Japan), Enno Rikirsch (University of Freiburg, Germany), Thomas Laux (University of Freiburg, Germany),
Kiyotaka Okada (National Institute for Basic Biology, Japan)
mnakata@nibb.ac.jp
Plant leaves are appropriate to photosynthesis and the blade is flat and broad. Blade outgrowth starts from actively-dividing
cells located at the lateral position of the primordium and continues predominantly in the lateral direction. It is reported that
blade initiation and expansion depend on the adaxial (upper)/abaxial (lower) polarity and that blade outgrowth correlates with
the boundary between two regions having adaxial and abaxial side-specific features. However, it is not well understood how the
adaxial/abaxial polarity promote blade outgrowth at the adaxial/abaxial boundary. Here we show that PRS/WOX3 and WOX1,
which encode plant-specific homeobox transcription factors and belong to the same gene family, are key regulators in blade
outgrowth and adaxial/abaxial patterning. Mutant analyses of prs wox1 indicate that PRS and WOX1 are required for blade
outgrowth in early stages of leaf development. PRS and WOX1 are expressed in two middle mesophyll layers and the margin,
designated as "the middle domain" because the domain is located between the adaxial and abaxial sides. We also show that
“the middle domain” is distinct from the adaxial and abaxial domains in the context of expression patterns of adaxial- and
abaxial-specific genes. Ectopic expression of WOX1 on the abaxial side induced abaxial outgrowth, indicating that restricted
expression of WOX1 in the middle domain is important for regulation of direction of leaf growth. We found that expression of
PRS and WOX1 are repressed by KAN transcription factors in the abaxial domain, suggesting that PRS and WOX1 act in blade
outgrowth downstream of adaxial-abaxial patterning. Furthermore, we also found that PRS and WOX1 cooperate
adaxial/abaxial patterning with adaxial- and abaxial-specific genes. All of our data demonstrate that regulatory network among
the adaxial, abaxial and also middle domains, is important for restricted pattern of PRS and WOX1 expression to determine
direction of blade outgrowth.

554

CHARACTERIZATON OF A NOVEL FAMILY OF GDP-O-FUCOSYLTRANSFERASE IN ARABIDOPSIS THALIANA
AND ITS FUNCTION IN BRASSICA NAPUS MICROSPORE EMBRYOGENESIS

Jerlene Nessia* (University of Guelph, Canada), K. Peter Pauls (University of Guelph, Canada)
jnessia@uoguelph.ca
Microspore embryogenesis is a developmental phenomenon in which microspores divert from their gametophytic pathway
towards embryonic development when cultured or subjected to a variety of stresses such as mild heat stress. This results in the
formation of haploid embryos and ultimately doubled-haploid plants. Microspore culture is widely used in plant breeding
programs of several economically significant crops to generate homozygous lines for cultivar development. Also, because of its
close similarity in developmental mechanisms with zygotic embryogenesis, it can be used as a valuable tool for studying a
range of processes related to plant embryogenesis. Recently, our group has performed a genome-wide search for candidate
genes that are involved in microspore embryogenesis (Chan, 2006). In this study, an Arabidopsis cDNA array was used to
compare the transcriptomes of embryogenic cells with pollen-like microspores to identify genes that were differentially
expressed during the early stages of microspore embryogenesis. The transcriptome profiles that resulted from this study
revealed informative expression trends from clusters that represent genes that were (1) upregulated in microspore-derived
pollen-like cells; (2) consistently upregulated in microspore-derived embryogenic cells and (3) down-regulated in embryogenic
versus pollen-like cells. Of special interest is the gene, AT2G44500 in which a Brassica transcript hybridized to and was
consistently upregulated in embryogenic cells compared to pollen-like or non-responsive cells. Our bioinformatic analyses
suggest that AT2G44500 has a conserved GDP-O-Fucosyltransferase (O-FuT) domain in Arabidopsis as well as in the two
Brassica napus homologs that we have cloned and sequenced. We have also identified conserved amino acid residues that
may play a role in the catalytic activity of these putative fucosyltransferses. Also, characterization of TDNA insertion mutants,
show that the decrease in O-FuT expression leads to delay in growth and development compared to wild type plants. Once
characterized, this gene and its paralogs can potentially be used as genetic markers to identify cultivars that produce highly
embryogenic microspore cultures. This will also allow us to understand the molecular mechanisms underlying the early stages
of embryogenesis in plants, which is the basis of seed development and is fundamental to crop productivity.
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ERECTA IS A MAJOR REGULATOR OF XYLEM EXPANSION RATE IN ARABIDOPSIS HYPOCOTYLS

Kaisa Nieminen* (University of Lausanne, Switzerland), Laura Ragni (University of Lausanne, Switzerland), Christian Hardtke
(University of Lausanne, Switzerland)
kaisa.nieminen@unil.ch
Two phases can be identified in the secondary thickening of Arabidopsis hypocotyls: 1) an early phase of proportional radial
growth, where the cambium produces both xylem and phloem at a similar rate, and 2) a later xylem expansion phase, where
more xylem than phloem is produced. Through a QTL analysis of 300 Col-0 x Ler-0 recombinant inbred lines (RILs) we have
identified the ERECTA (ER) gene, encoding a leucine-rich receptor-like Ser/Thr kinase, as a major regulator of the xylem
expansion phase. Due to a point mutation, Landsberg erecta (Ler-0), a mutant form of the original Landsberg (La-0) accession,
has a non-functional form of ER (er). In Ler-0 xylem expansion begins as normal at the time of flowering, but after that proceeds
at a highly enhanced rate, whereas La-0 displays normal xylem expansion. Together, our results strongly indicate that the Ler-0
phenotype is due to the er point mutation and that the WT ER has a negative function in the xylem expansion process.
Intriguingly, this effect appears to be directional, as we have observed through reciprocal grafting experiments that a La-0 scion
can inhibit xylem expansion in the Ler-0 stock, whereas a Ler-0 scion is not able to accelerate this process in the La-0 stock.
Furthermore, the effect appears to be background and allele specific, as neither an ER T-DNA knock-out line in Col nor a
Vancouver-0 accession with a null mutant form of ER display increased xylem expansion. We are currently exploring this
background/allele specific aspect by studying the xylem expansion phenotype (and its potential complementation through
different ER alleles) in multiple different ER mutant lines and accessions. Our study will be the first characterization of the role of
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ER in secondary development, and may in the future provide applied potential for the breeding of enhanced wood production in
commercially important tree species.

556

MATERNAL AND PATERNAL GENOMES CONTRIBUTE EQUALLY TO THE TRANSCRIPTOME OF EARLY PLANT
EMBRYOS

Michael Nodine* (Whitehead Institute for Biomedical Research, Howard Hughes Medical Institute and Massachusetts Institute of
Technology, USA; Current address: Gregor Mendel Institute of Molecular Plant Biology, Austria), David Bartel (Whitehead
Institute for Biomedical Research, Howard Hughes Medical Institute and Massachusetts Institute of Technology, USA)
nodine@wi.mit.edu
In animals, maternal gene products deposited into eggs regulate embryonic development before activation of the zygotic
genome. In plants, an analogous period of prolonged maternal control over embryogenesis is thought to occur based on some
gene-expression studies. However, other gene-expression studies and genetic analyses show that some transcripts must derive
from the early zygotic genome, implying that the prevailing model does not fully explain the nature of zygotic genome activation
in plants. To determine the maternal, paternal and zygotic contributions to the early embryonic transcriptome, we sequenced the
transcripts of hybrid embryos from crosses between two polymorphic inbred lines of Arabidopsis thaliana and used singlenucleotide polymorphisms diagnostic of each parental line to quantify parental contributions. Although some transcripts seemed
to be either inherited from primarily one parent or transcribed from imprinted loci, the vast majority of transcripts were produced
in near-equal amounts from both maternal and paternal alleles, even during the initial stages of embryogenesis. Results of
reporter experiments and analyses of transcripts from genes that are not expressed in sperm and egg indicate early and
widespread zygotic transcription. Thus, in contrast to early animal embryogenesis, early plant embryogenesis is mostly under
zygotic control.

557

BASIC HELIX-LOOP-HELIX TRANSCRIPTION FACTORS INVOLVED IN PLANT FIBER CELL DIFFERENTIATION

Ai Oikawa* (Joint BioEnergy Institute, Lawrence Berkeley Natjonal Laboratory, USA), Henrik Vibe Scheller (Joint BioEnergy
Institute, Lawrence Berkeley Natjonal Laboratory, USA)
AOikawa@lbl.gov
Fiber cell differentiation and development in higher plants is regulated by a series of transcription factors including ARF, HD-ZIP
III, NAC, and MYB transcription factors. However, the detailed molecular mechanism of this regulation is not fully understood. In
Arabidopsis, the three genes IRX9, IRX14, and IRX10 encode putative glycosyltransferases involved in xylan backbone
synthesis and are expressed in xylem/fiber tissues undergoing secondary cell wall deposition. To obtain better insight into xylan
biosynthesis and regulation during fiber tissue development, we extended the strategy of co-expression analysis to both
Arabidopsis and rice and found several bHLH, NAC, and MYB transcription factors as a common set of co-expressed genes in
Arabidopsis and rice. Among them, the Arabidopsis NAC and MYB transcription factors included most of genes already known
to be involved in fiber development. Based on the publically available microarray data, expression of the bHLHs is not altered in
loss- or gain-of-function mutants and transformants of key NST transcription factors in Arabidopsis (NST1 and NST3/SND1) that
are involved in secondary wall development. This suggests that the bHLHs may be involved in fiber cell differentiation rather
than fiber development. We are investigating the function of several bHLH transcription factors by analyzing the corresponding
loss-of-function mutants and overexpressors. These studies have confirmed the importance of the transcription factors for plant
development. Furthermore, we have used a GUS-reporter assay to confirm the involvement of these transcription factors in upregulating a number of cell wall-related genes, transcription factors, and phytohormone signaling genes involved in fiber cell
differentiation.
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UNRAVELING GENE REGULATORY NETWORK IN ARABIDOPSIS THALIANA

M. Amin Omidbakhshfard* (University of Potsdam, Germany; Max-Planck Institute of Molecular Plant Physiology, Germany),
Bernd Mueller-Roeber (University of Potsdam, Germany; Max-Planck Institute of Molecular Plant Physiology, Germany)
omidbakhshfard@mpimp-golm.mpg.de
DNA-binding transcription factors (TFs) are central regulators of essentially all developmental and physiological processes.
They bind to cis-regulatory elements in promoters of target genes (TGs) whose expression they regulate, often in concert with
other TFs (of the same or other families). Our group studies the role of TFs controlling developmental and physiological
processes in leaves and is particularly interested in unraveling the gene regulatory networks (GRNs) controlled by TFs of
selected families. The Growth Regulating Factor (GRF) family represents a plant specific TF family which in Arabidopsis
thaliana includes nine genes. GRF genes are strongly expressed in actively growing and developing tissues, such as shoot tips,
flower buds and roots, but normally only weakly in mature stem and leaf tissues. GRFs have been reported to play a role in leaf
growth and cell proliferation. Currently, however, the direct targets of GRFs are virtually unknown. To identify downstream
targets of GRFs, we therefore expressed some of them under the control of an estradiol-inducible promoter in transgenic plants
and used them for Affymetrix micro-array-based expression profiling after induction of GRF gene expression. Considering the
results of the expression profiling, 110 genes whose expression changes after GRF9 induction were selected for further analysis
by qRT-PCR. Based on the results obtained, three potential direct GRF9 target genes were selected for functional and
biochemical studies. For the identification of binding sites recognized by GRF9 we are using a binding site selection assay.
Currently, upstream regulators controlling the expression of GRF9 are unknown. We therefore initiated a deletion study of the
GRF9 promoter aiming at the identification of cis-regulatory elements that control GRF9 expression. Functional cis-elements will
be used to screen for transcription factors binding to them, using the yeast one-hybrid system. Results will be presented.
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OIWA REGULATES ROS HOMEOSTASIS DURING EMBRYO SAC DEVELOPMENT IN ARABIDOPSIS THALIANA

Gabriela C. Pagnussat* (IIB-CONICET, Argentina), María Victoria Martin (IIB-CONICET, Argentina), Eduardo Zabaleta (IIBCONICET, Argentina)
gpagnussat@mdp.edu.ar
Differentiation of gametes is a crucial step in the life cycle of all organisms with sexual reproduction. In Arabidopsis thaliana,
gametes are specified inside the embryo sac or megagametophyte, a haploid structure formed by seven cells derived from a
functional megaspore. The developmental program that starts with megaspore mother cell specification and ultimately results in
gametophyte fertilization involve three events of programmed cell death (PCD). Here we show that the PCD events that take
place during sporogenesis and embryo sac development are associated with transient and localized oxidative bursts followed by
a rapid restoration of the redox state. In the gametophytic mutant oiwa, which carries an insertion in a gene coding for a
mitochondrial Mn-superoxide dismutase (Mn-SOD), mutant embryo sacs seem not able to reduce ROS levels after cell death,
as observed by the use of specific probes at different stages of development both by confocal and DIC microscopy. As a result,
cell specification and fertilization is impaired. Mutant embryo sacs showed miss-specification of antipodal, egg cell and
synergide cells. An important fraction of the ovules have difficulties attracting pollen tubes and in those ovules that were able to
get fertilized, embryogenesis is arrested at a zygotic stage. Expression pattern studies show that OIWA is expressed from FG1
stage during gametogenesis and it is strongly expressed in antipodal cells. Our results indicate that a tight regulation of ROS
homeostasis is crucial for gametophytic cell specification and fertilization, and suggest that ROS might act as cellular signals
interfering with cell differentiation in oiwa embryo sacs.

560

IDENTIFICATION AND FUNCTIONAL ANAYSIS OF NUCLEOPORIN(NUP) AS A PUTATIVE MITOSIS REGULATOR

Guen-Tae Park* (Seoul National University, Korea), Seohyun Kim (Seoul National University, Korea), Yeonhee Choi (Seoul
National University, Korea)
dangtaejong@snu.ac.kr
Nuclear pore complexes (NPCs) are multiprotein channels spanning the nuclear envelope and form a selective barrier between
cytoplasm and nucleus. In plants and vertebrates, about 30 nucleoporins (Nups) are annotated and sharing similar domains.
While the functions of NPCs and Nups in animals are relatively well studied, the role of NPCs and regulation of their activity
remain poorly understood in plants. Some evidences have suggest that several Nups play critical roles in cell division and
signaling of mitotic spindle checkpoint. In this study, we report the characterization of a gt1 mutant, which results in arrest of
mitosis I during gametogenesis. At the reproductive stage, gt1 mutant shows abnormal nuclear behavior and aberrant cell
division. Using the Yeast two-hybrid system, we found that there are two types of binding proteins related to mitosis. First,
spindle assembly checkpoint (SAC) components (cdc20.1, BubR1, Rae1, Nup98) directly bind with GT1 protein. SAC proteins
monitor the correct attachment of sister chromatids to the mitotic spindle and delays the onset of anaphase until the sufficient
attachment is reached. Anaphase-promoting complex/cyclosome (APC/C), a downstream target of SAC, induces cells into
anaphase by degradation of securin and cyclin B. We hypothesize that GT1 might affect the activity of APC/C. Second, motor
proteins (dynein light chain, kinectin) directly bind with GT1 protein. Successful microtubule and motor protein dynamics are the
fundamental basis of mitosis and cytokinesis. Based on these data, we propose that GT1 functions as a putative regulator of
mitosis in Arabidopsis thaliana.

561

THE AUXIN BIOSYNTHESIS REGULATORS BELONGING TO THE SHI/STY FAMILY AFFECTS REPRODUCTIVE
DEVELOPMENT NOT ONLY IN ARABIDOPSIS, BUT ALSO IN PHYSCOMITRELLA PATENS, A DIVERGED
REMNANT TO EARLY LAND PLANTS

Eric Pederson* (Department of Plant Biology and Forest Genetics, Uppsala BioCenter Swedish University of Agricultural
Sciences and Linnean Center for Plant Biology Uppsala, Sweden), Katarina Landberg (Department of Plant Biology and Forest
Genetics, Uppsala BioCenter Swedish University of Agricultural Sciences and Linnean Center for Plant Biology Uppsala,
Sweden), Mattias Thelander (Department of Plant Biology and Forest Genetics, Uppsala BioCenter Swedish University of
Agricultural Sciences and Linnean Center for Plant Biology Uppsala, Sweden), Eva Sundberg (Department of Plant Biology and
Forest Genetics, Uppsala BioCenter Swedish University of Agricultural Sciences and Linnean Center for Plant Biology Uppsala,
Sweden)
Eric.Pederson@slu.se
During Arabidopsis reproductive organ development, members of the small family of SHI/STY genes, positive regulators of
auxin biosynthesis, are expressed in stamens, gynoecia and ovules and affect the morphogenesis of both male and female
reproductive organs (Sohlberg et al., 2006; Kuusk et al., 2006; Eklund et al., 2010a). The two homologues in the moss
Physcomitrella patens, also regulate auxin levels (Eklund et al., 2010b). We have utilized this to compare the role of SHI/STY
genes and auxin during reproductive development in flowering plants with the bryophytes, which represent a different branch in
the evolution of land plants. The leafy shoot of P. patens, including the reproductive organs, is haploid making the evolutionary
question is even more intriguing. We will present data showing that the PpSHI genes are required for the apical opening of the
reproductive organs, the final differentiation of the egg cell, and for the progression of canal cells into a cell-death program. The
apical cells of the archegonia, the canal cells and the egg cell are also sites of auxin responsiveness, suggesting that auxin
mediates the PpSHI function in the reproductive organs. As Arabidopsis homologues of these genes affects gynoecium and
stamen development, the ancestral function of SHI/STY genes during reproductive organ development appears to have been
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conserved during the evolution of land plants. Our data also indicates that auxin is important during female gamete
differentiation not only in the angiosperm gametophyte as described previously, but also in mosses.

562

KREUZ UND QUER MEDIATES CELL DIVISION PLANE ORIENTATION AND PLANAR POLARITY IN ARABIDOPSIS

Stefano Pietra* (Umeå Plant Science Centre, Sweden), Anna Gustavsson (Umeå Plant Science Centre, Sweden), Lothar
Kalmbach (Umeå Plant Science Centre, Sweden), Yoshihisa Ikeda (Umeå Plant Science Centre, Sweden), Markus Grebe
(Umeå Plant Science Centre, Sweden)
stefano.pietra@plantphys.umu.se
Planar polarity, the coordination of cell polarity within a tissue layer, is essential to the development of all multicellular
organisms. Planar polarity is well studied in animals but still poorly understood in plants. Polar emergence of root hairs and
proximo-distal orientation of trichomes along the leaf axis in Arabidopsis are suitable model systems for studies on planar
polarity in plants. We isolated the kreuz und quer (kuq) mutant in a forward-genetic screen based on the clear defects of kuq in
polar root-hair positioning. We located the kuq mutation by positional cloning and characterized T-DNA insertion alleles of the
KUQ gene displaying the kuq phenotype. The large predicted KUQ protein has not previously been associated with cell or tissue
polarity and contains regions of unknown function conserved in diverse eukaryotes. kuq mutants displayed defects in trichome
branching as well as in the alignment of trichomes along the proximo-distal axis of the leaf. Similar defects have been reported
for clasp mutants defective in an evolutionarily conserved microtubule-associated protein (MAP). kuq clasp double mutants
displayed severely reduced roots and enhanced cell polarity defects in the shoot, suggesting a strong synergistic interaction
between the KUQ and CLASP genes. This prompted us to investigate the organization of the microtubule cytoskeleton in kuq
mutants, revealing recurring defects in the orientation of the preprophase band associated with mis-oriented phragmoplasts and
aberrant cell divisions as determined by live imaging of root cells. Characterization of microtubule and MAP dynamics in kuq
mutants together with analysis of KUQ subcellular localization should clarify the function and mechanism of KUQ action on cell
and tissue polarity. Furthermore, our studies may shed light on the role of similar proteins of unknown function in other
eukaryotes.

563

SPATIAL AND TEMPORAL VARIATION OF GROWTH RATES IN THE ARABIDOPSIS THALIANA LEAF MODELING
BY USE OF THE GROWTH TENSOR METHOD

Jacek Pietrakowski* (University of Silesia, Poland); Marcin Lipowczan (University of Silesia, Poland); Jerzy Nakielski (University
of Silesia, Poland)
jpietrakowski@gmail.com
A mathematical modeling and computer simulations are an useful tool in studies of plant morphogenesis. In this research they
have been applied to determine variation of growth rates in Arabidopsis thaliana leaf blade. Leaves, like other plant organs
growth simplastically i.e. in a continuous and coordinated way. The displacement velocity V that describes such growth is
represented by continuous and differential function of position. As grad V is a tensor quantity the field of the growth rates of the
organ is of a tensor type and have occur Principal Directions of Growth (PDG) along which the relative elemental rate of linear
growth (RERGl) attains extreme values, unless growth is isotropic. The PDG play a role in development of cell pattern in apical
meristems. The question arises whether this takes place also in leaves. The Arabidopsis thaliana (WT) Col-0 rosette leaves with
length from 2 mm to 12 mm were investigated. In empirical studies - microscopic observation and marker method were used to
determine displacement of cells in successive times and then RERGl in different part of the organ. In modeling – spatial and
temporal variation of relative rates was determined. The PDG (2D application) in different leaf regions was determined by use of
Goodal – Green method (cross) and the direction of cross were compared with direction of newly placed cell wall in proximal
part of leaf. The results have shown that A. thaliana leaf form a fountain-type pattern of PDG trajectories with a focus at the
proximal part of the leaf blade, along which newly cell wall is formed. Spatial and temporal variation of growth tensor field is
changing in space and time. It is changing in time because leaves moves in growth tensor field during growth (the focus of the
PDG trajectories is out of the plant organ). It is changing in space because of change of PDG trajectories caused by growth field
movement with respect to leaf.

564

TEMPERATURE REGULATED ALTERNATIVE SPLICING CONVERTS FLM FROM A REPRESSOR TO AN
ACTIVATOR OF FLOWERING

David Posé* (Max Planck Institute for Developmental Biology, Germany), Levi Yant (Harvard University, USA), Felix Ott (Max
Planck Institute for Developmental Biology, Germany), Markus Schmid (Max Planck Institute for Developmental Biology,
Germany)
dpose@tuebingen.mpg.de
The onset of flowering is a crucial developmental transition in the life cycle of higher plants. Among the factors controlling the
floral transition, temperature is of key importance. One gene that is known to contribute to the thermal regulation of flowering is
the MADS-domain transcription factor FLOWERING LOCUS M (FLM). The FLM transcript is expressed throughout the plant
and subject to alternative splicing. Here we show that two splice variants of FLM, FLMbeta and FLMdelta, which alternatively
nd
rd
include either the 2 or the 3 exon, change in their relative abundance in response to changes in ambient temperature.
Interestingly, the proteins encoded by the two FLM splice forms have opposite effects on flowering time. Whereas constitutive
expression of FLMbeta delayed flowering, which is in line with the published function of FLM as a floral repressor, 35S:FLMdelta
lines flowered significantly earlier than Col-0 control plants. BiFC and yeast two-hybrid analyses showed that the two FLM
isoforms are able to form both homo- and heterodimers, suggesting that FLMdelta might exert its dominant effect on flowering
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by interfering with FLMbeta function. To identify FLM target genes, ChIP-seq was performed at 16°C, when FLMbeta is the
dominant splice variant, on a genomic GFP-tagged FLM rescue line. FLM was found to directly interact with regulatory elements
in the promoters of several flowering time and flower patterning genes, including SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS1, APETALA1 and 2, and SEPALLATA3. In order to investigate the molecular mechanism that is responsible for the
opposite effect that FLMbeta and FLMdelta have on flowering, spliceform-specific ChIP-seq experiments are currently being
under way. Our results demonstrate that alternative splicing can give raise to proteins with markedly different activities and
highlight the potential of alternative splicing as a mediator of plasticity in gene function.

565

THE TARANI MUTATION INDUCES POSITIVE SURFACE CURVATURE IN ARABIDOPSIS LAMINA BY
PERTURBING CELL DIVISION PATTERN

K. Premananda* (Department of Microbiology and Cell Biology, Indian Institute of Science, India), Challa Krishna Reddy
(Department of Microbiology and Cell Biology, Indian Institute of Science, India), Utpal Nath (Department of Microbiology and
Cell Biology, Indian Institute of Science, India)
prem2383@gmail.com
Surface curvature of lateral appendages, such as leaves, is maintained at zero (flatness) by coordinated growth. Lack of growth
coordination can, in principle, result in the loss of flatness and introduce an overall curvature that can be negative with crinkly
margin or positive with cup-like shape (Nath et al., 2003). Little is known about the genetic control of leaf surface curvature,
primarily because only a few mutants with altered surface curvature have been isolated and studied. Characterization of the
mutants of the CINCINNATA-like TCP genes in Antirrhinum and Arabidopsis have revealed that their products help maintain
flatness by balancing the pattern of cell division between the margin and the central zone during leaf morphogenesis. Here, we
report the isolation and characterization of a novel Arabidopsis mutant called tarani (tni) with enlarged, cup-shaped leaf.
Morphometric analyses showed that the perimeter : √area ratio is reduced in the tni leaves compared to the wild type,
demonstrating positive surface curvature. By monitoring the dynamic pattern of CYCLIN D3;2 expression during leaf growth, we
show that the shape of the primary arrest front is strongly convex in tni leaves, thereby leading to excess cell division at the
centre. Reduction of cell proliferation by genetic manipulation partly rescued tni phenotype. Application of an inhibitor of
gibberellins biosynthesis rescued the tni phenotype, suggesting a role for gibberellins in TNI function. Genetic interactions
demonstrated that TNI maintains leaf flatness independent of other curvature-related genes such as TCPs and PEAPOD
(White, 2006). Thus, TNI defines a novel genetic pathway for maintaining surface curvature in leaves.

566

GENETIC ARCHITECTURE THAT CONTROLS CELL SIZE PATTERNING IN ARABIDOPSIS SEPAL

Xian Qu* (Weill Institute at Cornell University, the United States of America), Adrienne Roeder (Weill Institute at Cornell
University, the United States of America)
xq28@cornell.edu
The Arabidopsis sepal epidermis forms a characteristic cell size pattern ranging from cells with only one hundredth the length of
the sepal (small cell) to cells with one-fifth the length of the sepal (giant cell). Small cells are produced by ordinary mitosis
whereas giant cells are produced by endoreduplication. Even though flower development has been studied for years, the
biological mechanisms that control the cell size pattern in Arabidopsis sepals are still largely unknown. To elucidate the cell size
regulation pathway, several genes were recovered in an EMS-based mutant screen. Point mutations of four genes have been
shown to cause fewer giant cells including two putative receptors DEFECTIVE KERNEL1 (DEK1) and ARABIDOPSIS
CRINKLY4 (ACR4), one transcription factor ARABIDOPSIS MERISTEM LAYER1 (ATML1) and one putative cyclin dependent
kinase inhibitor LOSS OF GIANT CELLS FROM ORGANS (LGO). In addition, one point mutation of SECRETION 24A
(SEC24A), which encodes a COPII vesicle protein regulating transportation from the endoplasmic reticulum (ER) to the Golgi,
was found to cause over production of giant cells. To better understand the genetic architecture controlling the cell size
patterning, epistasis analysis was carried out between SEC24A and other players. Consistent with the phenotype of lgo-1 single
mutant, no giant cell formation was found in the double mutant of lgo-1 sec24a-1.. Likewise, acr4-24 sec24a and dek1-4 sec24
double mutants largely suppress giant cell formation suggesting that acr4 and dek1 are epistatic to sec24a. Our preliminary
data indicates that LGO1, SEC24A, ACR4 and DEK1 might act on the same pathway in regulating cell size patterning in
Arabidopsis sepal.

567

THE DORMANCY MARKER, ATDRM1, AND OTHER FAMILY MEMBERS IN ARABIDOPSIS: INTRINISICALLY
DISORDERED PROTEINS WHICH ARE DIFFERENTIALLY REGULATED ACROSS DEVELOPMENT AT THE
TRANSCRIPT LEVEL

Georgina Rae* (University of Auckland and Plant and Food Research, New Zealand), Karine David (University of Auckland,
New Zealand), Marion Wood (Plant and Food Research, New Zealand)
Georgina.Rae@PlantandFood.co.nz
In order to better understand the growth release mechanism of dormant axillary buds at the molecular and physiological levels
molecular markers can be used. One gene family that has a long association with dormancy which is routinely used as a marker
for paradormancy release in Arabidopsis thaliana is DRM1 (DoRMancy associated protein 1). This plant-specific gene family
has high sequence identity at the protein level throughout several plant species, but its function in planta remains undetermined.
The aim of this research is to bioinformatically identify and characterise the DRM gene family and in particular gain an insight
into the role of the Arabidopsis thaliana DRM1 gene (AtDRM1) and a closely related family member DRM2. The DRM family
includes 5 members in Arabidopsis, which show differential transcript expression across development. None of the profiles
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identified are limited to expression in dormant, meristematic tissue, highlighting a potential role for family members outside of
dormancy. While no known sequence motifs or localisation signals are identified in the protein sequence of any of the family
members, all are predicted to be intrinsically disordered. One family member, DRM1, has 6 splice isoforms which are also
differentially regulated at the transcript level across development.

568

TISSUE DEPENDEND REQUIREMENT OF TOR SIGNALLING FOR PLANT GROWTH

Daniel Rexin* (AgResearch Grasslands, New Zealand), Bruce Veit (AgResearch Grasslands, New Zealand)
daniel.rexin@agresearch.co.nz
I am interested how the basic target of rapamycin (TOR) signaling pathway is established in plants and if its function is
contributing to overall growth in a tissue specific manner. The TOR pathway represents a master regulator of growth that is
shared by most eukaryotes. It links nutrition and energy availability, environmental cues, and other factors with growth outputs
by affecting proliferation and cell modulation. The involvement of an altered TOR activity in cancer development has led to
intensive research focus on the mammalian TOR pathway and therefore to a relatively well understanding of its components
and functions. However, the knowledge of TOR signaling in plants is still very limited. Few components, like RAPTOR and
LST8, which are known from animals and yeast, have also been found to be conserved in plants, although their function is still
poorly understood. As for animals and yeast, the complete loss of TOR function is lethal for plants. This indicates an essential
role, but complicates efforts to define its contribution to later stages of development. To overcome this issue, I am adapting a
site specific Cre/lox recombination system to create mosaic plants with clonal sectors in which TOR signaling elements are
deleted. This experiment will contribute to our knowledge of TOR activity in plants, and refine our understanding how certain
TOR elements contribute to growth and development in different tissues and developmental stages.

569

VASCULATURE COMPLEXITY AND CONTINUITY (VCC) GENES ENCODE NOVEL PLANT-SPECIFIC POLYTOPIC
PROTEINS INVOLVED IN VASCULATURE DEVELOPMENT IN ARABIDOPSIS THALIANA

Hannetz Roschzttardtz* (University of Wisconsin-Madison, USA), Gary Baisa (University of Wisconsin-Madison, USA), Sathya
Jali (University of Wisconsin-Madison, USA), Francisca Reyes (University of Wisconsin-Madison, USA), Julian Verdonk
(University of Wisconsin-Madison, USA), Patrick Masson (University of Wisconsin-Madison, USA), Sebastian Bednarek
(University of Wisconsin-Madison, USA), Marisa S. Otegui (University of Wisconsin-Madison, USA)
hroschzttardtz@glbrc.wisc.edu
Meta-analysis of bioinformatic data from cells differentiating into tracheary elements in vitro and in planta gene expression
patterns has been used to generate a list of ~41 candidate genes with potential roles in secondary cell wall formation and/or its
regulation. Two of the candidate genes belong to a 15-member, plant-specific gene family in Arabidopsis that encode putative
polytopic membrane proteins. Member 13 and member 15 mutants show abnormal vein (xylem) patterns in cotyledons with
cases of discontinuous xylem bundles. We called these genes VCC for Vasculature Complexity and Continuity. We analyzed
iron distribution as a marker of embryonic endodermis surrounding the provascular cells in the vcc13 and vcc15 mutants during
embryo development. Interestingly, the embryonic endodermis visualized by an iron-specific staining technique showed similar
discontinuities in the provasculature of vcc15 embryos, indicating that the defect in vein pattern appear early in the embryo
provasculature development. Discontinuous veins could be due to auxin misdistribution or sensing. To test this hypothesis, we
obtained homozygous vcc13 and vcc15 mutants expressing GFP under control of the auxin-responsive DR5 promoter. The
pattern of DR5 promoter activity was not affected in the mutant embryos. We are also characterizing plants containing
promoterPIN1::PIN1::GFP (auxin efflux carrier) in the vcc13 or vcc15 mutants backgrounds. Preliminary observations indicate
that the distribution of PIN1 proteins in the vcc15 mutant also reveals the presence of discontinuities in the provascular strands
in developing cotyledons. Our data suggest that at least these two members of this protein family are involved in the early
differentiation of xylem. We are currently overexpressing VCC13 and VCC15 in Arabidopsis to test whether their ectopic
expression may alter xylem differentiation patterns in leaves and stems.

570

TRANSCRIPTOME OF THE ARABIDOPSIS STEM AT TISSUE-SPECIFIC RESOLUTION

Pablo Sánchez* (Gregor Mendel Institute, Austria), Branislav Kusenda (Gregor Mendel Institute, Austria), Thomas Greb (Gregor
Mendel Institute, Austria)
pablo.sanchez@gmi.oeaw.ac.at
Organs of multicellular organisms are complex structures that accommodate different cell types defined by unique
transcriptional profiles. Among those, plant stems display exceptional morphological variation and the ability to adapt to specific
environmental conditions. In addition, they accumulate huge amounts of biomass and represent one of the main sinks for
atmospheric CO2. Despite these important features, tissue specification and coordination in stems has not been deeply
explored. This lack of knowledge is partially due to the experimental inaccessibility of individual tissues. Unraveling the tissuespecific transcriptional profiles is crucial for exploring cell fate acquisition and the regulation of growth dynamics. In this project,
we aim to identify the tissue-specific transcriptomes of the stem in the model plant Arabidopsis thaliana. To this end, we are
using tissue-specific promoters to drive the expression of a nucleus-targeted green fluorescence protein (GFP). This allows the
isolation of nuclei from each tissue of interest based on fluorescence-based sorting. Deep sequencing of poly(A) RNA from
those nuclei provides the individual transcriptional profile of the different tissues present in the stem. Bioinformatic analysis of
the data will provide insight into the molecular properties of the different tissues that form the plant stem and reveal the gene
networks that operate in the different cell types. This analysis will open new avenues for further investigation of the complex
structures of an important plant organ in unprecedented depth.
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THE TRANSCRIPTION FACTOR JAGGED CONTROLS GROWTH ANISOTROPY AND CO-ORDINATION BETWEEN
CELL SIZE AND CELL CYCLE DURING PLANT ORGANOGENESIS

Katharina Schiessl* (John Innes Centre, UK), Swathi Kausika (John Innes Centre, UK), Robert Sablowski (John Innes Centre,
UK)
katharina.schiessl@jic.ac.uk
Initiation of organ primordia from pools of undifferentiated cells in the apical meristem is a fundamental step in plant
development. However, the regulatory network controlling organ growth in plants still remains unclear and only few regulatory
genes have been linked to the cellular mechanisms involved in the process of organ formation. Here we study how cells change
their behaviour in respect to cell proliferation, growth rate and direction during the transition from the meristem to organ
primorida. We used 3 D live imaging, quantitative analysis of cell geometry combined with the DNA synthesis marker 5-ethynyl2-deoxyuridine (EdU) to compare floral meristem and primordia cells of wild-type and jagged-1. Loss of function mutants of the
single zinc finger transcription factor JAGGED (JAG) have serrated leaves and reduced and narrow floral organs. We found that
JAG is required for the transition from meristematic to organ primordia cell behaviour.The transition involves decreased
coordination of cell size and DNA synthesis, an increase in the rates of cell growth and division, and a shift from isotropic to
anisotropic growth at cellular and tissue level. Consistent with the role of JAG in transition from meristem to primordium cell
behaviour, we show that JAG directly down-regulates the meristem regulatory genes BREVIPEDICELLUS and BELL1 using
expression array experiments, in situ hybridisation, and Chromatin Immunoprecipitation. In summary, this work identifies JAG as
a novel key regulator in the transition from meristematic to primordia cell behaviour in early stages of organ growth.

572

BIOCHEMICAL MAPPING OF A LIGAND-BINDING DOMAIN WITHIN ARABIDOPSIS BAM1 REVEALS DIVERSIFIED
LIGAND RECOGNITION MECHANISMS OF PLANT LRR-RKS

Hidefumi Shinohara* (National Institute for Basic Biology, JAPAN), Yuji Moriyama (Nagoya University, JAPAN), Kentaro
Ohyama (Nagoya University, JAPAN), Yoshikatsu Matsubayashi (National Institute for Basic Biology, JAPAN)
shino@nibb.ac.jp
Leucine-rich repeat receptor kinases (LRR-RKs) are the largest sub-family of transmembrane receptor kinases in plants. In
several LRR-RKs, for example, BRI1 and PSKR1, a loop-out region called an ‘island domain’, which intercepts the extracellular
tandem LRRs at a position near the transmembrane domain, constitutes the ligand-binding pocket, but the absence of the island
domain in numerous LRR-RKs raises questions about which domain recognizes the ligand in non-island domain LRR-RKs.
Here, we used photoaffinity labeling followed by chemical and enzymatic digestion to show that BAM1, a CLV1/BAM-family
LRR-RK whose extracellular domain comprises 22 consecutive LRRs, directly interacts with the small peptide ligand CLE9 at
the LRR6–LRR8 region that is relatively distal from the transmembrane domain. Multiple sequence alignment and homology
modeling revealed that the inner concave side of LRR6–LRR8 of CLV1/BAM-family LRR-RKs deviates slightly from the LRR
consensus. In support of our findings, the clv1-4 mutant carries a missense mutation at the inner concave side of LRR6 of
CLV1, and introduction of the corresponding mutation in BAM1 resulted in complete loss of ligand binding activity. Our results
indicate that the ligand recognition mechanisms of plant LRR-RKs are more complex and diverse than anticipated.
Please also check our publication (Shinohara H., et al. (2012) Plant J. in press).

573

THE ARABIDOPSIS JAGGED LATERAL ORGANS (JLO) GENE ACTS WITH ASYMMETRIC LEAVES 2 (AS2) TO
COORDINATE KNOX AND PIN GENE EXPRESSION IN SHOOT AND ROOT MERISTEMS

Rüdiger Simon* (Heinrich-Heine University, Germany), Madlen I. Rast (Heinrich-Heine University, Germany)
ruediger.simon@hhu.de
Organ initiation requires the specification of a group of founder cells at the flanks of the SAM and the creation of a functional
boundary that separates the incipient primordia from the remainder of the meristem. Organ development is closely linked to a
downregulation of class I KNOTTED1 LIKE HOMEOBOX (KNOX) genes and accumulation of auxin at sites of primordia
initiation. Here we show that the Arabidopsis thaliana JAGGED LATERAL ORGANS (JLO) gene, a member of the LATERAL
ORGAN BOUNDARY DOMAIN (LBD) gene family, is required for coordinated organ development in shoot and floral meristems.
Loss of JLO function results in ectopic expression of the KNOX genes SHOOT MERISTEMLESS (STM) and
BREVIPEDICELLUS (BP), indicating that JLO acts to restrict KNOX gene expression. JLO acts in a trimeric protein complex
with ASYMMETRIC LEAVES2, another LBD protein, and ASYMMETRIC LEAVES1 (AS1) to suppress BP expression in lateral
organs. In addition to its role in KNOX gene regulation, we found a new role for AS2 in regulating PINFORMED (PIN) gene
expression and auxin transport from embryogenesis onwards together with JLO. We propose that different JLO and AS2 protein
complexes, possibly comprising also other LBD proteins, coordinate auxin distribution and meristem function through the
regulation of KNOX and PIN gene expression during Arabidopsis development.

574

DEZ, AN ALLELE OF THE GENE TBR DISPLAYS PHOTOMORPHOGENESIS IN THE DARK IN THE PRESENCE OF
HIGH ZINC
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Scott A. Sinclair* (Ruhr Universitaet Bochum, Germany), Michael J. Haydon (University of Cambridge, UK), Sascha Gille
(University of California - Berkeley, USA), Markus Pauly (University of California - Berkeley, USA), Ute Kraemer (Ruhr
Universitaet Bochum, Germany)
scott.sinclair@rub.de
In the course of a forward genetics screen for mutant plants affected in the response to high Zn, a mutant was identified that
showed photomorphogenesis in the dark in the presence of high Zn. This was named dez (deetiolated by Zn). dez shows not
just a shortened hypocotyl, but the expanded cotyledons and elongated root of photomorphogenic seedlings, .as well as
increased pigmentation. The dez phenotype is seen in high Ni as well high Zn, but not in high Fe, Cu, Cd or Mn, and when
higher levels of Ca are added to the medium in concert with high Zn, the dez phenotype is rescued. Microarray analysis of dez
seedlings showed misregulation of light- and jasmonate-regulated transcripts, as well as cell wall related transcripts. Mapping
resulted in the identification of the causal mutation in TBR, a gene previously identified having altered cellulose levels in the cell
wall. We demonstrate the effect of the dez phenotype is dominant over classic stimuli of hypocotyl elongation, such as by in
high temperature and in photoreceptor mutants. Analysis of the cell wall in the hypocotyls of dez and tbr seedlings showed
alterations in the acetylation and methylesterification profiles. We will discuss the possible alterations in the cell wall that occur
in high Zn conditions and how this may affect the photomorphogenic phenotype.

575

2β-DEOXY-KDO IS A POTENT INHIBITOR OF ARABIDOPSIS CMP-2-KETO-3-DEOXYMANNO-OCTULONIC ACID
SYNTHETASE, PROVIDING A TOOL TO STUDY RHAMNOGALACTURONAN II FUNCTION IN THE PLANT CELL
WALL

Kevin M. Smyth* (University of Southampton, UK), Alan Marchant (University of Southampton, UK)
k.smyth@soton.ac.uk
In Gram-negative bacteria the eight carbon acid sugar 2-keto-3-deoxymanno-octulonic acid (Kdo) is an essential component of
the lipopolysaccharide (LPS) and is essential for viability. The enzyme CMP-Kdo synthetase (KdsB) is required for activation of
Kdo before it can be incorporated into the LPS. The potential of KdsB as a target for the development of new antibacterial
agents has long been recognized and a number of inhibitors have been developed. Kdo is also found in plants as a component
of rhamnogalacturonan II (RG-II), a constituent of pectin in the plant cell wall. RG-II is a complex and structurally conserved
polysaccharide with a critical but as yet unidentified role. Arabidopsis knockout mutants in Kdo synthesis genes results in
gametophyte lethality due to a failure in pollen tube elongation, demonstrating that even minor alterations to RG-II structure can
have severe consequences for plant growth and development. The bacterial Kdo synthesis pathway appears to be conserved in
plants and KdsB homologues (also referred to as CKSs) have been identified. This study characterizes the enzyme kinetics of
the Arabidopsis KdsB. Recombinant Arabidopsis KdsB was produced by overexpression in E. coli and the reaction followed
using an enzyme-coupled fluorescence assay. We also demonstrate that 2β-deoxy-Kdo, an in vitro inhibitor of bacterial KdsB,
similarly inhibits the Arabidopsis enzyme activity. This finding suggests that KdsB inhibitors developed as antimicrobials may
have potential applications in plant cell wall research and biotechnology.
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A SPECIFIC MIRNA 169 / NFYA REGULATORY NETWORK IS INVOLVED IN ROOT DEVELOPMENT

Céline Sorin* (Univ Paris-Diderot, Sorbonne Paris Cité, France and ISV, CNRS, France), Marie Declerck (ISV, CNRS, France),
Aurélie Christ (ISV, CNRS, France), Linnan Ma (ISV, CNRS, France), Jérémie Bazin (Univ Paris-Diderot, Sorbonne Paris cité,
France and ISV, CNRS, France), Christine Lelandais-Brière (Univ Paris-Diderot, Sorbonne Paris Cité, France and ISV, CNRS,
France), Martin Crespi (ISV, CNRS, France), Caroline Hartmann (Univ Paris-Diderot, Sorbonne Paris Cité, France and ISV,
CNRS, France)
celine.sorin@isv.cnrs-gif.fr
Roots are essential for water and nutrients acquisition in plants. Root architecture can be modulated by endogenous and
environmental factors. In plants, microRNAs (miRNAs) regulate their targets by transcript cleavage and/or inhibition of protein
translation and are known as major post-transcriptional regulators of various developmental pathways and stress responses. In
Arabidopsis thaliana, we used a mimicry strategy (mim lines, Nat. Genet. 39, 1033-7) to analyze the role of miR169 on root
development as 4 isoforms of mature miRNA169 are encoded by 14 different genes. Mim169 lines against different isoforms
showed phenotypes suggesting that at least one isoform of miR169 and one of its NFYA target could play a role in root
development. Further analyses, using specific miR169 or NFYA over-expressing lines, revealed that NFYA2 was involved in
Arabidopsis lateral root development. We are currently investigating different steps of lateral root development to specify the
mode of action of this transcription factor.

577

SHR/SCR-MEDIATED SIGNALING PATHWAY CONTROLS ASYMMETRIC CELL DIVISION AND CELL
SPECIFICATION IN THE ARABIDOPSIS ROOT

Rosangela Sozzani* (Department of Biology and Duke Center for System Biology, Duke University, Durham, NC; Department of
Biology and Biotechnology, University of Pavia, Italy), Elizabeth Hinde (Laboratory for Fluorescence Dynamics, Department of
Biomedical Engineering, University of California, Irvine, CA), Jaimie M. Van Norman (Department of Biology and Duke Center
for System Biology, Duke University, Durham, NC), Cara M. Winter (Department of Biology and Duke Center for System
Biology, Duke University, Durham, NC), Giuseppe Crosti (Department of Biology and Duke Center for System Biology, Duke
University, Durham, NC), Enrico Gratton (Laboratory for Fluorescence Dynamics, Department of Biomedical Engineering,
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University of California, Irvine, CA), Philip N. Benfey (Department of Biology and Duke Center for System Biology, Duke
University, Durham, NC)
ross.sozzani@unipv.it
In multicellular organisms normal development requires appropriate patterning and specification of diverse cell types. The
expression of specific sets of genes determines the fate of each particular cell type. In the Arabidopsis root, the transcription
factors, SHORTROOT (SHR) and SCARECROW (SCR), regulate the formative divisions of the immediate progeny of the
ground tissue stem cells, known as cortex/endodermis initials (CEI). These cell divisions are asymmetric as the daughter cells
adopt distinct developmental fates, one giving rise to the cortex, the other to the endodermis. To understand the specific context
and dynamics of the SHR/SCR pathway in regulating these asymmetric divisions, we expressed an inducible version of either
SHR or SCR in its respective mutant background, which also contained a ground-tissue specific GFP marker. Using
fluorescence activated cell sorting in combination with microarray analysis, we examined the transcriptional effects of SHR and
SCR induction specifically in the ground tissue over time. This allowed us to identify novel downstream genes of SHR and SCR
in a dynamic and tissue-specific manner. In addition, we are looking at the spatio-temporal inter- and intracellular dynamics of
SHR protein movement and activity using fluorescence correlation techniques. Using in vivo approaches, we are defining the
rate of SHR movement and characterizing the dynamics of SHR/SCR interaction in different cell-types. These complementary
approaches are providing novel insight into how SHR and SCR control key root developmental features, such as stem cell niche
specification and radial patterning, and are integral to our ongoing efforts to model the dynamics of the SHR/SCR-mediated
signaling pathway.

578

LIGAND RECEPTOR INTERACTIONS INVOLVED IN STEM CELL MAINTENANCE STUDIED BY ADVANCED
FLUORESCENCE TECHNIQUES

Yvonne Stahl* (Heinrich-Heine University, Institute of Developmental Genetics, Germany), Stephanie Grabowski (HeinrichHeine University, Institute of Molecular Physical Chemistry, Germany), Claus A. M. Seidel (Heinrich-Heine University, Institute of
Molecular Physical Chemistry, Germany), Rüdiger Simon (Heinrich-Heine University, Institute of Developmental Genetics,
Germany)
Yvonne.Stahl@hhu.de
Plants possess at the tip of the shoot and the root meristems that harbor pluripotent stem cells from which all cells of the plant
body derive. Intercellular signaling processes mediated by small peptide ligands and their respective receptors play important
roles in the necessary dynamic but also tight regulation of the transition from stem cell fate to differentiation. Stem cells in the
Arabidopsis shoot apical meristem express and secrete the CLAVATA3 (CLV3) peptide and this signal is transmitted by the
membrane localized leucine rich repeat receptor kinase CLAVATA1 (CLV1) and CLV2/CRN (CLAVATA2/CORYNE) to the
subjacent organizing cells, which express the homeodomain transcription factor WUSCHEL (WUS). This signaling eventually
leads to a negative feedback loop adjusting stem cell homeostasis in the shoot. Recently we discovered that a similar
regulation, consisting of the CLV3-related peptide CLE40, the membrane localized receptor kinase ARABIDOPSIS CRINKLY 4
(ACR4) and the WUS-homolog WOX5, also exists in the distal root meristem. We are currently studying ligand-receptor
interactions and putative complex formations involved in plant stem cell regulation. We are analyzing the dynamics of these
processes in living cells, especially upon binding of the peptidacious ligands to their respective receptors. We are utilizing
experimental setups using fluorescently labeled receptors and ligands for these analyses using fluorescence correlation
spectroscopy (FCS), fluorescence recovery after photobleaching (FRAP), fluorescence resonance energy transfer (FRET) and
fluorescent lifetime imaging (FLIM) techniques.
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CAMBIUM ISLANDS 1 – A NOVEL REPRESSOR OF CAMBIUM INITIATION

Stefanie Suer* (Gregor Mendel Institute, Austria), Julia Riefler (Gregor Mendel Institute, Austria), Thomas Greb (Gregor Mendel
Institute, Austria)
stefanie.suer@gmi.oeaw.ac.at
The vascular cambium is essential for lateral growth of shoot and root axes and, thereby, for wood production and plant
biomass accumulation. Interestingly, despite the well-established role of the plant hormone auxin in the stimulation of cambium
initiation and activity, a molecular link on the level of the cambium itself has only recently been made by characterizing the
function of the transcription factor WOX4. WOX4 is active in cambium cells and required for auxin-dependent cambium
activation. Here, we make use of CAMBIUM ISLANDS1 (CBI1), a novel locus involved in WOX4 regulation, to address the
question of how cells establish cambium identity upstream of WOX4. cbi1 mutants display island-like ectopic WOX4:GUS
activity in the pith tissue of stems and this activity overlaps with cellular patterning defects. In addition to WOX4, cbi1 stems
show enhanced transcript levels of the (pro)cambium-specific genes ATHB8 and PXY, and the auxin-inducible genes PIN1 and
IAA5. These data suggest a general role of CBI1 in repressing cambium initiation upstream of auxin biosynthesis, transport or
signaling. By unraveling the molecular role of CBI1 we aim to gain insights into essential molecular mechanisms of lateral
growth regulation.
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AUXIN RESPONSE FACTOR8 REGULATES ARABIDOPSIS PETAL GROWTH BY INTERACTING WITH THE BHLH
TRANSCRIPTION FACTOR BIGPETALP

Judit Szécsi* (Laboratoire Reproduction et Développement des Plantes {RDP}, France), Emilie Varaud (RDP, France), Florian
Brioudes (RDP, France), Julie Leroux (RDP, France), Spencer Brown (Institut des Sciences Végétales, France), Catherine
Perrot-Rechenmann (Institut des Sciences Végétales, France), Mohammed Bendahmane (RDP, France).
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judit.szecsi@ens-lyon.fr
The growth rate and final size of plant organs are determined by two distinct yet integrated processes: cell proliferation, with
concomitant accumulation of biomass, and cell expansion. These processes are highly reproducible when genetically identical
individuals are grown in the same environment. The genetic and molecular mechanisms that coordinate these two processes
are beginning to be elucidated in plants and in animals. In this context, we showed that the BIGPETALp (BPEp) basic helixloop-helix (bHLH) transcription factor limits Arabidopsis thaliana petal growth by influencing cell expansion. Our data
demonstrate that BPEp interacts with AUXIN RESPONSE FACTOR8 (ARF8) to affect petal growth. This interaction is mediated
through the BPEp specific C-terminal domain (SD-BPEp) and the C-terminal domain of ARF8. Site-directed mutagenesis
identified an amino acid consensus motif (GRSLD motif) in SD-BPEp that is critical for mediating BPEp-ARF8 interaction. This
motif shares sequence similarity with motif III of ARF and AUXIN/INDOLE-3-ACETIC ACID proteins. Petals of arf8 mutants are
significantly larger than those of the wild type due to increased cell number and increased cell size. bpe/arf8 double mutant
analyses show that during early petal development stages, ARF8 and BPEp work synergistically to limit mitotic growth. During
late stages, ARF8 and BPEp interact to limit cell expansion. The alterations in cell division and cell expansion observed in arf8
and/or bpe mutants are associated with a change in expression of early auxin-responsive genes. Our data provide evidence of
physical and genetic interaction between an ARF and a bHLH transcription factors. The biological significance of this interaction
in negatively regulating mitotic growth during early petal development stages and post-mitotic growth during late petal
development stages will be discussed.
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ATML1 REGULATES EPIDERMAL CELL DIFFERENTIATION IN ARABIDOPSIS SHOOTS

Shinobu Takada* (Osaka University, Japan), Nozomi Takada (Osaka University, Japan), Ayaka Yoshida (Osaka University,
Japan)
shinobu_takada@bio.sci.osaka-u.ac.jp
During the development of multicellular organisms, several distinct cell fates arise at defined positions. Cell type specific
transcription factors play key roles in determining cell fates through the regulation of gene expression. ATML1, an Arabidopsis
homeobox gene, is expressed in the outermost cell layer from the early stage of development. Many epidermis-specific genes
including ATML1 itself contain an ATML1-binding site in their promoters, suggesting ATML1-mediated regulation of epidermal
cell fate. However, it still remains unknown whether or not ATML1 is sufficient for the activation of these epidermis-specific
genes. To further assess the role of ATML1 in epidermis-specific gene expression, we examined the effect of ectopic
expression of ATML1. Constitutive expression of ATML1 was sufficient to activate the expression of epidermis-specific genes in
the inner cells of the seedlings. Conversely, constitutive expression of ATML1 fused with a transcriptional repressor sequence
decreased expression of epidermis-specific genes. These results supported the idea that ATML1 acted on the promoters of
epidermis-specific genes and positively regulated their expression.

582

PHYSICAL INTERACTION OF FLORAL ORGANS CONTROLS PETAL ELONGATION

Seiji Takeda* (Kyoto Prefectural University, Japan), Akira Iwasaki (Kyoto University, Japan), Noritaka Matsumoto (Kyoto
University, Japan), Kiyoshi Tatematsu (NIBB, Japan), Kiyotaka Okada (NIBB, Japan)
seijitakeda@kpu.ac.jp
Flowers bear beautiful petals to attract pollinators with their variable color, fragrance, and shape. In Arabidopsis thaliana, petal
primordia arise at a similar time to stamen primordia, and elongate at later stages through the narrow space between anthers
and sepals. Many genes are known to regulate petal identity and primordia growth, although the molecular mechanism for the
later elongation process remains unknown. From the screening of mutants defective in flower development, we found a petaldefective mutant, named folded petals 1 (fop1). The fop1 petals are stuck when they elongate through the narrow space
between sepals and anthers, resulting in the folded petals at flower opening. During elongation, the petals fuse to sepal surface
at several sites. At maturation, the conical-shaped petal epidermis is flattened as if they are pressed and rubbed from the top.
Surgical or genetic removal of sepals in young buds restores the petal folding. These data suggest that FOP1 controls the
smooth contact between petal and the neighboring organs, enabling petals to elongate straight. By positional cloning strategy,
we found that FOP1 encodes a member of the bifunctional wax ester synthase / diacylglycerol acyltransferase gene family,
WSD11. FOP1/WSD11 is localized at the periphery of petal epidermal cells, but not detected in sepals or anthers. Our data
suggest that the FOP1/WSD11 products, synthesized in petal epidermis, may act as a lubricant, inhibiting organ fusion and
controlling smooth petal elongation in a floral bud.

583

IDENTIFICATION OF NOVEL LINKS IN UBIQUITIN DEPENDENT PROTEIN DEGRADATION PATHWAY OF
ARABIDOPSIS

Prabhavathi Talloji* (Dept. of Developmental Biology, MPIZ Cologne, Germany and Max F. Perutz Laboratories, Univ. of
Vienna) Bruno Hüttel (Max Planck Genome Centre Cologne, MPIZ, Germany), Fritz Joachim Sedlazeck (Center for Integrative
Bioinformatics Vienna, University of Vienna, Austria) Arndt von Haeseler (Center for Integrative Bioinformatics Vienna,
University of Vienna, Austria), Andreas Bachmair (Max F. Perutz Laboratories, Univ. of Vienna)
prabhavathi.talloji@univie.ac.at
Ubiquitin proteasome dependent proteolysis plays a vital role in maintenance of protein levels and influences protein
homeostasis in all eukaryotes. Expression of a ubiquitin variant with Arg instead of Lys at position 48 (ubK48R) by an inducible
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promoter disrupts protein homeostasis in Arabidopsis (plant line called RV86-5) and leads to a cell death phenotype. In order to
identify the candidate gene(s) responsible for the phenotypic change, we used an EMS-generated suppressor mutant (sud2).
Phenotyping and genotyping results suggested no segregation distortion of Mendalian segregation ratio for monohybrid
mutation. Mapping of sud2 by analyzing several SNP and dCAPS markers with a fine mapping population of 1239 individual
recombinant plants revealed a position between 6.2 and 6.4 Mb of chromosome III. In a next step, a candidate region of 350 Kb
was PCR-amplified from sud2 and subjected to solexa sequencing. Further analysis of sequence reads and transcriptome data
on differential gene expression between RV86-5 and sud2 revealed previously unknown links between ubiquitin proteasome
dependent proteolysis and cell death in Arabidopsis.
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A PUTATIVE ZN CARBOXYPEPTIDASE SOL1 IS INVOLVED IN C-TERMINAL PROCESSING OF THE CLE19
PROPEPTIDE

Takayuki Tamaki* (Graduate School of Science, The University of Tokyo, Japan), Shigeyuki Betsuyaku (KOMEX, Graduate
School of Arts & Sciences, The University of Tokyo, Japan), Ryota Hamasaki (Graduate School of Science and Technology,
Kumamoto University, Japan), Masayuki Fujiwara (NAIST, Japan), Yoichiro Fukao (NAIST, Japan), Hiroo Fukuda (Graduate
School of Science, The University of Tokyo, Japan), Shinichiro Sawa (Graduate School of Science and Technology, Kumamoto
University, Japan)
tama@biol.s.u-tokyo.ac.jp
CLE (CLAVATA3/EMBRYO-SURROUNDING REGION-RELATED) peptides are known to function in various aspects of plant
development, and, thus, are excellent examples of intercellular signaling molecules. For instance, CLAVATA3 (CLV3) secreted
in the shoot apical meristem (SAM) is perceived by multiple receptors such as CLV1, CLV2-SUPPRESSOR OF LLP1 2
(SOL2)/CORYNE (CRN), and RECEPTOR-LIKE PROTEIN KINASE 2 (RPK2)/TOADSTOOL 2 (TOAD2), to regulate stem cell
maintenance in the SAM. It is considered that CLE propeptides, initially translated as an approximately 100 amino-acid
polypeptide, are processed to function as mature 12-/13- amino-acid polypeptides corresponding to the CLE domain conserved
among the CLE family. However, this processing step yet remains to be solved. In order to reveal the processing machinery of
CLE peptides, we focused on a peptidase candidate, SUPPRESSOR OF LLP1 1 (SOL1). SOL1 was previously reported as a
candidate of carboxypeptidase involved in maturation of CLE19. Here, we examined SOL1 activity in the maturation of CLV3
and CLE19. The WT plants, as well as the sol1 mutants, reduced the root growth in response to the synthetic CLV3 and CLE19
peptides. In addition, overexpression of CLV3 and CLE19 genes also resulted in growth retardation in the WT plants. However,
the sol1 mutation only suppressed the effect of CLE19 overexpression, but not of CLV3. Furthermore, recombinant SOL1
protein was found to be capable of processing C-terminal arginine of chemically synthesized CLE19 propeptide in vitro. .These
data suggest that SOL1 possesses specific peptidase activity against CLE19 propeptide. Supporting this idea, we demonstrated
that the sol1 mutant failed to suppress the effect of overexpression of CLE19 lacking C-terminal arginine (CLE19∆R). Together
with the data of our microscopic observation of SOL1-YFP, we concluded that SOL1 is involved in cleavage of C-terminal
arginine of the CLE19 propeptide in endosome prior to extracellular secretion. .
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ANALYSIS OF THE ROS SIGNALING THAT AFFECT THE ROOT GROWTH

Hironaka Tsukagoshi* (Nagoya university, Japan), Wolfgang Busch (Gregor Mendel Institute, Austria), Philip N. Benfey (Duke
university, USA)
upbhiro@agr.nagoya-u.ac.jp
The balance between cellular proliferation and differentiation is a key event for development in multicellular organisms. Using
high-resolution expression data from the Arabidopsis root we identified a new transcription factor, UPBEAT1 (UPB1) that
regulates this balance. Genome-wide expression profiling coupled with ChIP-chip analysis revealed that UPB1 directly regulates
the expression of peroxidases that modulate the balance of reactive oxygen species (ROS) between the zones of cell
proliferation and the zone of cell elongation where differentiation begins. Disruption of UPB1 activity affects this ROS balance
leading to a delay in the onset of differentiation. Modulation of either ROS balance or peroxidase activity affects the onset of
differentiation in a manner consistent with the postulated UPB1 function. This result indicated that ROS signaling has the crucial
role for the root development, especially for the transition from cell proliferation activity to cell differentiation activity. However, it
is still unknown how gene expressions respond to the ROS besides UPB1 pathway. Because UPB1 expression response to
ROS is relatively slow, we have performed the time course microarray experiment using the dissecting root into the meristem
and the elongation zones after hydrogen peroxide (H2O2) treatment. From this ROS-response transcriptional data set, we picked
up 3 transcription factors and 20 non-transcription factor genes that showed the significant expression changes in the early time.
Now we are investigating the root growth phenotype of these candidate genes ectopic expressor and mutants for revealing the
ROS signaling that regulates root growth.
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METACASPASE9 AND NON-CELL AUTONOMOUS CELL DEATH IN XYLEM VESSEL ELEMENTS

Hannele Tuominen* (Umeå Plant Science Centre, Umeå University, Sweden), Benjamin Bollhöner (Umeå Plant Science Centre,
Umeå University, Sweden), Sacha Escamez (Umeå Plant Science Centre, Umeå University, Sweden), Bo Zhang (Umeå Plant
Science Centre, Umeå University, Sweden), Michael Wrzaczek (Department of Biological and Environmental Sciences,
University of Helsinki, Finland), Jaakko Kangasjärvi (Department of Biological and Environmental Sciences, University of
Helsinki, Finland), Edouard Pesquet (Umeå Plant Science Centre, Umeå University, Sweden)
Hannele.tuominen@plantphys.umu.se

Page 212

Posters: Development

ICAR 2012 Vienna, Austria

Xylem cell death is required for function of the vessel elements in water transport. It has been recently shown that transcriptional
regulation of xylem vessel cell death is shared with secondary cell wall formation, but very little is known about the function and
identity of the downstream effector molecules. We have identified two metacaspase genes as putative regulators of vessel cell
death in Populus trees based on specific upregulation during the vessel cell death phase of wood formation. Their closest
Arabidopsis homologue is METACASPASE9 (AtMC9), which also shows xylem vessel specific expression, suggesting
involvement in vessel cell death. Reverse genetic analysis of AtMC9 T-DNA knock-out lines showed normal progression of
protoxylem vessel cell death in roots of young seedlings on the basis of analyses of genetic crosses to several different xylem
reporter lines. However, detailed electron microscopic analysis of the mutant revealed a delay in post-mortem clearance of the
protoxylem vessel elements, supporting a role for AtMC9 in autolytic processes during vessel cell death. Localisation of the
AtMC9 protein in cytoplasmic remnants of late maturing vessel elements supported this conclusion. Additional insight was
obtained in newly established Arabidopsis tracheary element (TE) cell cultures, where almost complete suppression of AtMC9
expression in several transgenic RNAi lines resulted in 1) increased cysteine protease activities during TE differentiation and 2)
cell death of not only the TEs but also the non-TEs that in normal cultures rarely die. This suggest that PCD inducing signals
can be derived from maturing xylem elements in a non-cell autonomous manner, and that appropriate inactivation of the
autolytic machinery during xylem maturation is critical to prevent ectopic PCD. Evidence for the non-cell autonomous control of
vessel cell death was obtained also in planta, and we propose that AtMC9 is part of this control mechanism guaranteeing rapid
and complete degradation of the vessel cell contents.
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AUXIN BIOSYNTHESIS IN THE STELE IS REQUIRED FOR XYLEM PATTERNING

Robertas Ursache* (University of Helsinki, Finland), Jan Dettmer (University of Erlangen-Nuremberg, Germany), Shunsuke
Miyashima (University of Helsinki, Finland), Ykä Helariutta (University of Helsinki, Finland)
robertas.ursache@helsinki.fi
The plant vascular tissue is necessary for transport of water, nutrients and macromolecules. Vascular plants have a transport
system consisting of two tissue types with elongated cell files, phloem and xylem. The network of xylem and phloem is
expanded throughout plant life. There is little known about the genes, important for xylem and phloem development. To identify
new genes involved in vascular tissue development, a forward genetic screen based on ATSUC2-GFP (phloem marker)
missexpression has been performed in Arabidopsis thaliana and resulted in the identification of a set of novel mutants with
patterning and cell proliferation defects specific to the stele. Interestingly, one of the mutants shows abnormal metaxylem
development. Map-based approach was used to identify the gene, causing abnormal metaxylem phenotype. We identified that
the phenotype is caused by a mutation in an auxin biosynthesis gene. This result suggests that the problem of proper
metaxylem development might be caused by auxin - plant hormone, playing essential role in various developmental processes.
Following previously published data and our own results, we started to build a model where auxin acts as a key regulator of
metaxylem development and what could be the potential gene network regulated by auxin in this context. Our observations
suggests that polar auxin transport which was earlier shown to be required for protoxylem formation is not sufficient to establish
a proper xylem axis but that local auxin biosynthesis is additionally required.
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A NOVEL CAROTENOID-DERIVED MOLECULE FUNCTIONS IN PERIODIC ROOT BRANCHING

Jaimie M. Van Norman* (Duke University, USA), Miguel A. Moreno-Risueno (Duke University, USA), Philip N. Benfey (Duke
University, USA)
jaimie.vannorman@duke.edu
Carotenoids play key roles in plant biology, acting as photoprotective pigments and biosynthetic precursors for signaling
molecules. Much of the functional analysis of carotenoids and their derivatives (apocarotenoids) has been focused on
aboveground tissues. However, because some apocarotenoids are mobile signals that function in the shoot but are root-derived
or function in symbiotic interactions in the rhizosphere, roles for apocarotenoids in the root may have been overlooked. To
investigate the roles for these molecules in root development, we blocked carotenoid biosynthesis either chemically or
genetically and examined root phenotypes. We observed that carotenoid-deficient plants produce very few lateral roots.
Furthermore, chemical inhibition of a particular type of carotenoid cleavage reaction indicates that an apocarotenoid is
specifically required for lateral root formation. We previously showed that the sequential pattern of lateral roots is established by
a periodic oscillation in gene expression near the root tip. Each oscillation results in the marking of a novel site at which a lateral
root primordium will ultimately form. These oscillating genes are hypothesized to comprise a lateral root clock that is part of the
molecular mechanism regulating periodic lateral root formation. We find that carotenoid biosynthesis is required for the output of
the lateral root clock as carotenoid-deficient plants have disrupted oscillations in gene expression and a decreased number of
sites competent to form a lateral root. These data indicate that developmental patterning of lateral roots requires a novel
carotenoid-derived molecule.
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AUXIN RE-FLUX BETWEEN ENDODERMIS AND PERICYCLE CONTROLS LATERAL ROOT INITIATION

Marleen Vanstraelen* (VIB/University of Ghent, Belgium), Peter Marhavý (VIB/University of Ghent, Belgium), Bert De Rybel
(Wageningen University, the Netherlands), Malcolm Bennett (University of Nottingham, UK), Tom Beeckman (VIB/University of
Ghent, Belgium), Eva Benková (VIB/University of Ghent, Belgium)
mastr@psb.vib-ugent.be
Lateral root formation is initiated when a pericycle cell accumulates auxin, thereby acquires the founder cell status and divides
asymmetrically. How this auxin maximum in the pericycle cells builds up and remains focused, is not understood. Here, we
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reveal that the endodermis plays an active role in the regulation of auxin accumulation in founder cells and that this function is
ultimate for the progress from the founder cell into the lateral root initiation phase. The developmentally specific auxin re-flux is
acting between the endodermal and founder cells and is mediated through PIN3 (PIN-formed) auxin efflux carrier. Lack of this
re-flux causes dramatic defects in the progress of founder cells towards the next initiation phase. Our data identify an
unexpected regulatory function for the endodermis in lateral root initiation as part of the fine-tuning mechanism which might act
as one of the check-points in LR organogenesis after FCs are specified.
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SYMPLASTICALLY TRANSMITTED SIGNALS REGULATE ROOT MORPHOGENESIS IN ARABIDOPSIS

Anne Vatén* (University of Helsinki, Finland), Shri Ram Yadav (University of Helsinki, Finland), Shunsuke Miyashima (University
of Helsinki, Finland), Yrjö Helariutta (University of Helsinki, Finland)
anne.vaten@helsinki.fi
Plasmodesmata (PD) are membrane-lined channels that connect the plant cells and allow symplastic cell-to-cell movement of
developmental regulators and other molecules. The role of symplastic signaling in plant morphogenesis has remained largely
unknown. We have investigated molecular control of the pattern formation in Arabidopsis root. We identified three allelic cals3-d
mutants that display defective protoxylem development resembling PHABULOSA (PHB) gain-of-function mutants. It has been
shown that protoxylem defect in phb-d is a result of defected bidirectional signaling between the endodermis and stele. This
signaling pathway involves non-cell-autonomous actions of transcription factor SHORT-ROOT (SHR) and microRNA165/6
(miR165/6). Characterization of the cals3-d mutants strongly suggested that they destroy bidirectional signaling pathway
controlling post-transcriptional regulation of PHB. We defined that the cals3-d mutations are in the CALLOSE SYNTHASE 3
(CALS3), whose product participates in the biosynthesis of callose. All the three cals3-d mutations lead to amino acid changes
in the predicted cytosolic chains of CALS3 resulting in an increased callose biosynthesis. We engineered a spatiotemporally
controlled miss-expression system for cals3-d and demonstrated that the aperture of a PD is controlled by the callose
biosynthesis at the surrounding cell wall domain. Moreover, we identified that SHR and miR165 traffic between the stele and
surrounding tissues via the PD. In addition, we showed that the phloem-borne symplastically transported signals are essential
for the maintenance of the root meristem. We are also characterizing the role of symplastic connectivity in the maintenance of
quiescent center cells. In order to further dissect regulation of symplastic signaling, we are investigating cals3-1d second-site
mutants.
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ARABIDOPSIS PIRL2 & PIRL3 FUNCTION IN POLLEN DIFFERENTIATION AND NUCLEAR ORGANIZATION AND
INTERACT WITH THE POLLEN-ESSENTIAL GENE PIRL9

Daniel M. Vernon* (Whitman College, USA), Lauren Brougham (Whitman College, USA), Caroline Reinhart (Whitman College,
USA), Nancy Forsthoefel (Whitman College, USA)
vernondm@whitman.edu
Plant Intracellular Ras-group LRRs are a novel class of intracellular leucine-rich repeat proteins structurally related to animal
Ras-interacting LRRs that take part in cell signaling and gene regulation. The Arabidopsis genome encodes nine PIRLs, with
PIRLs1, 2, 3 & 9 comprising a defined subfamily. Analysis of T-DNA knockout mutants has revealed that PIRL1 & PIRL9 are
redundant and essential for differentiation of microspores into pollen. PIRL9 also effects the timing of flowering initiation in the
sporophyte. To investigate whether PIRL2 and PIRL3 also act in pollen development, we identified pirl2 and pirl3 knockout
mutants, generated double and triple mutant combinations with pirl1 or pirl9, and characterized pollen by Alexander's staining,
scanning electron microscopy, and fluorescence microscopy. Pollen from pirl2 and pirl3 homozygotes, pirl2;pirl3 double
mutants, or pirl1;pirl2;pirl3 triple mutants exhibited no obvious defects. However, double and triple mutant combinations
between pirl9 and pirl2 and/or pirl3 resulted in 8-10% inviable pollen and an additional 4-10% morphologically abnormal pollen.
DAPI staining of mature pirl2;pirl3;pirl9 anthers revealed inviable and mononucleate microspores, stalled binucleate pollen, and
trinucleate pollen with abnormal nuclear configurations, indicating variable timing of developmental arrest. We then examined
the floral transition; pirl2 and pirl3 had no obvious effect on flowering time, either alone or in combination with pirl9. Together,
these results indicate that all members of this PIRL subfamily function in pollen development and that PIRL2 and PIRL3
genetically interact with PIRL9 in that context. Differences between the pirl1;pirl2;pirl3 and pirl2;pirl3;pirl9 mutant combinations,
and the lack of evident interactions with PIRL9 in the flowering transition, suggest unequal redundancy and complex functional
relationships between these genes. Supported by U.S. NSF grant 0616166 to D.M.V.
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THE TETRASPANIN GENE FAMILY IN PLANT DEVELOPMENT: FROM BIOINFORMATICS SURVEY TO
FUNCTIONAL ANALYSIS

Feng Wang* (Department of Plant Systems Biology, VIB, Belgium), Klaas Vandepoele (Department of Plant Systems Biology,
VIB, Belgium), Mieke Van Lijsebettens (Department of Plant Systems Biology, VIB, Belgium)
fewan@psb.vib-ugent.be
Tetraspanins (TET) represent a four-transmembrane protein superfamily with a conserved structure and amino acid residues
that are present in mammalian, insect, fungal and plant species. They interact with each other or with other membrane proteins
to form tetraspanin-enriched microdomains that play important roles in development, pathogenesis and immune responses via
facilitating cell-cell adhesion and fusion, ligand binding and intracellular trafficking. The only characterized plant tetraspanin is
the Arabidopsis thaliana TORNADO2/TETRASPANIN1/EKEKO (TRN2/TET1) that functions in leaf and root patterning. In trn2
mutants, leaf symmetry and venation patterning and root epidermal patterning are defective due to defective transport and /or
distribution of the plant hormone auxin. A first step in the functional analysis of the Arabidopsis TET gene family was to use the
Page 214
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bioinformatics tool PLAZA to construct a phylogenetic tree based on whole genome information of 11 plant species. Ancient
clades (TET10 and TET9) and fast evolving clades (TET13-17) were identified. Most of the TET genes were duplicated in the
plant genomes. The electronic Fluorescent Pictograph (eFP) browser that visualizes gene expression patterns throughout
development gave a first impression on redundancy or divergence of the duplicated TET genes and will help mutational and
double mutant analysis. Promoter-GUS and GFP reporter-gene fusion will allow to determine the domains, tissues or cell types
in which the tetraspanin promoters are active and the subcellular localization of the TET proteins. In addition, technologies such
as tandem affinity purification and microarray will be used to identify the interacting proteins and molecular pathway in which
TET are involved, respectively. Finally, the components and molecular function of tetraspanin-enriched microdomains will be
identified by integrating bioinformatics and experimental data.
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OSG11 CONTROLS ORGAN SIZE THROUGH REGULATING GIBBERELLIC ACID BIOSYNTHESIS

Jia Wang* (Huazhong Agricultural University, China), Qifa Zhang (Huazhong Agricultural University, China)
yangyangziwj@webmail.hzau.edu.cn
Organ size is important in plant development and crop yield. A gene termed OsG11 regulating organ size in rice was identified.
OsG11 is a single copy gene in rice and annotated as a protein containing a domain undefined by bioinformatics analysis. A
phylogenetic tree was constructed of 35 members with the same domain from 19 plant species. The phylogenetic tree
suggested that the OsG11 homologous proteins derived from monocots were more closely related to each other than to eudicot.
Expression analysis shows that OsG11 is constitutively expressed in root, shoot, leaf and grains. We constructed RNAi
transgenic plants of OsG11 to test its function. The RNAi plants show a compact stature with greatly reduced length of root,
stems, spikes and seeds. The histochemical staining by cross and longitudinal sections revealed that the reduced organ sizes
were caused by significantly decreased cell extension. The shortened root and shoot can be rescued by exogenous gibberellic
acid (GA4+7) treatment with two weeks seedlings. Expression of GA biosynthesis genes are changed in RNAi plants identifying
as GA-deficient. Current results suggested OsG11 regulate organ size by controlling GA biosynthesis. Deciphering the function
of OsG11 involving in GA biosynthesis by classical and new tools is in progress.
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ELUCIDATING THE GENE REGULATORY NETWORK UNDERLYING ARCHITECTURE OF THE RICE PLANT USING
A SYSTEMATIC APPROACH

Lei Wang* (Huazhong Agricultural University, China), Shengyuan Sun (Huazhong Agricultural University, China), Weibo Xie
(Huazhong Agricultural University, China), Qifa Zhang (Huazhong Agricultural University, China)
Leiwang.science@gmail.com
Plants show a wide range of architectures that are determined by lateral branches, stem length, and organ angles. Some genes
controlling the branch of panicle were recently elucidated in rice, and most of them encoded transcription factors (TFs). To
dissect the gene regulatory network underlying rice panicle development, we collected 39 tissues/organs including four
consecutive stages of young panicles, from two indica varieties covering the entire life cycle to analyze the global gene
expression profiles using Affemetrix GeneChip Rice Genome Array. The results showed that many genes showed dynamic
expression patterns during panicle development, and two groups of genes exhibited opposite expression trends from early to
late stages. Among them, genes encoded TFs were enriched. Three TFs which were targets by a miRNA showing paniclepredominant expression patterns were selected for further genetic analysis. Panicle branches were reduced greatly in the
mutants or RNAi lines of these three TFs and in the corresponding miRNA overexpressors (miRNAox), while opposite
phenotypes were observed in the target-mimic transformation lines of the miRNA. Real-time PCR results showed that some
known panicle regulators including LAX1, RFL1, Tb1 and Nl1 were down regulated in the miRNAox. Double mutants further
showed that those genes genetically interact with this miRNA. Panicles at very early stages were sampled from wild type and
miRNAox to compare their transcriptomes. Again, expression levels of many TFs were dramatically changed in miRNAox.
Furthermore, DRG12 which encoded a rice-specific long non-coding RNA was greatly up-regulated in miRNAox. The transcripts
of DRG12 could be detected only in the reproductive apices, and its abundance increased with panicle development. Genetic
transformation showed that DRG12 negatively regulated the branch development. Thus transcription factor, microRNA and long
non-coding RNA are all involved in regulating panicle development.
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GENE NETWORK ANALYSIS AND FUNCTIONAL STUDIES OF SENESCENCE-ASSOCIATED GENES (SAGS)
REVEAL NOVEL REGULATORS OF LEAF SENESCENCE IN ARABIDOPSIS THALIANA

Xing Wen* (Peking University, China)， Zhonghai Li (Peking University, China), Jinying Peng (Peking University, China),
Hongwei Guo (Peking University, Peking-Tsinghua Center for Life Sciences, China)
wenxing@pku.edu,cn
Leaf senescence is the final phase of leaf development, in which leaf cells undergo active degenerative processes, including the
degradation of chlorophylls, proteins, and other macromolecule. The released nutrients are transferred to actively growing
young leaves and developing fruits and seeds. Efficient senescence is essential to maximize viability in the next season or
generation, but premature senescence, a protective mechanism employed when plants are stressed, results in reduced yield
and quality of crop plants.Plant leaf senescence is a highly ordered process regulated by genes known as senescence
associated genes (SAGs). Although thousands of SAGs have been identified by transcripitome analysis and hundreds of SAGs
were found to affect leaf senescence process by genetic analysis, the function of most of candidate SAGs in regulating leaf
senescence as well as common regulators of those functionally known SAGs are still unclear. We have previously developed a
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curated database of genes potentially associated with leaf senescence, the Leaf Senescence Database (LSD). In this study, we
built gene networks to identify common regulators of leaf senescence using promoting or delaying senescence genes in LSD.
Our results demonstrated that plant hormones cytokinin, auxin, nitric oxide as well as small molecules, such as Ca2+, delay leaf
senescence. By contrast, ethylene, ABA, SA and JA as well as small molecules, such as oxygen, promote leaf senescence,
altogether supporting the idea that phytohormones play a critical role in regulating leaf senescence. Functional analysis of
candidate SAGs in LSD revealed that a WRKY transcription factor WRKY75 and a Cys2/His2–type transcription factor AZF2 are
positive regulators of leaf senescence and loss-of-function of WRKY75 or AZF2 delayed leaf senescence. We also found that
silencing of a protein phosphatase, AtMKP2, promoted early senescence. Collectively, LSD can serve as a comprehensive
resource for systematic study of the molecular mechanism of leaf senescence as well as offer candidate genes for functional
analyses.
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UNRAVELING THE ROLE OF PLT TRANSCRIPTION FACTORS DURING EARLY EMBRYOGENESIS

Viola Willemsen* (Molecular Genetics, Utrecht University, Utrecht, The Netherlands), Hugo Hofhuis (Molecular Genetics,
Utrecht University, Utrecht, The Netherlands), Carla Galinha (Molecular Genetics, Utrecht University, Utrecht, The Netherlands),
Ming Luan (Molecular Genetics, Utrecht University, Utrecht, The Netherlands), Ben Scheres (Molecular Genetics, Utrecht
University, Utrecht, The Netherlands)
V.A.Willemsen@uu.nl
The initial asymmetric division of the plant zygote to give different apical and basal daughter cells has been linked with
differential auxin distribution but the underlying mechanism for this generation of cell fate diversity has remained unknown.
Expression of the PLETHORA genes, encoding AP2 domain containing transcription factors, is detectable from the earliest
stages of embryogenesis onward. Overlapping functions of two PLT genes promote the asymmetric division of the zygote and
trigger development of the apical cell lineage. We will describe two direct upstream regulators of one of these PLT genes during
the first step of plant embryo development, which both have critical roles in early embryo development.
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THE PROTEIN PHOSPHATASE RDO5 IS REQUIRED FOR SEED DORMANCY IN ARABIDOPSIS

Yong Xiang* (Max Planck Institute for Plant Breeding Research, Germany), Wim Soppe (Max Planck Institute for Plant Breeding
Research, Germany)
xiang@mpipz.mpg.de
Seed dormancy is defined as the failure of a viable seed to germinate under favourable conditions. Besides playing an adaptive
role in nature by optimizing germination to the most suitable time, a tight control of dormancy is important in crop plants. The
hormone abscisic acid (ABA) and the dormancy protein DELAY OF GERMINATION 1 (DOG1) play important roles in seed
dormancy regulation. However, our knowledge about the molecular mechanism of seed dormancy is still fragmentary. Forward
and reverse genetic screens identified several genes that are involved in dormancy, but are not yet saturated. A number of
mutants with reduced dormancy were obtained in a mutagenesis screen of the highly dormant near isogenic line NIL-DOG1.
One of these mutants, named reduced dormancy5 (rdo5), is completely non-dormant and does not show any other pleiotropic
phenotypes. We identified the RDO5 gene by map-based cloning. RDO5 encodes a protein phosphatase, which has not
previously been related to seed dormancy. RDO5 shows a nuclear localization throughout the whole embryo. Expression
profiling showed that RDO5 is only expressed in seeds, with highest levels at the end of seed maturation and in dry seeds.
RDO5 probably functions independently from DOG1 because the rdo5 mutation does not influence DOG1 transcript or protein
levels. In addition, RDO5 possibly regulates seed dormancy through an ABA independent pathway because the rdo5 mutation
does not influence endogenous ABA levels or ABA sensitivity. Based on a transcriptome analysis, we identified an RNA binding
protein (RBP) that was highly expressed in rdo5, especially after 6 hours imbibition. Overexpression of this RBP causes
reduced seed dormancy, whereas its knockout mutation in the rdo5 background complements the rdo5 phenotype. These
observations suggest that RDO5 regulates seed dormancy via a post-transcriptional pathway.
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ANALYSIS OF LIGHT-DEPENDENT SHORT HYPOCOTYLS 1 (LSH1) IN ARABIDOPSIS

Yuki Yanagawa* (RIKEN Plant Science Center, Japan), Kaori Okubo (RIKEN Plant Science Center, Japan), Li Zhao (RIKEN
Plant Science Center, Japan), Minami Matsui (RIKEN Plant Science Center, Japan)
yyana@psc.riken.jp
Light is important factor for seedling development in plants. In our previous work, dominant mutant lsh1-D was isolated from
activation-tagged lines (Zhao et al, Plant J. 2004). The paper reported that LSH1 was functionally dependent on phytochrome to
mediate light regulation of seedling development. LSH1 was also revealed to be a nuclear protein. Here, we revealed that LSH1
was expressed in undifferential cells. In addition, we showed that multiple bands of LSH1 proteins were observed in the
seedlings grown in continuous white light by immunoblot analysis. Gel filtration analysis revealed that LSH1 formed a complex
of approximately 160kDa, implying that LSH1 acts as a complex. We’ve been trying to purify and identify the interacting factors
of LSH1 complex.
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ARABIDOPSIS LST8 PROTEINS INTERACT WITH TARGET OF RAPAMYCIN AND EXPRESSION OF EXTRA LST8
PROTEINS IS HYPERSENSITIVE TO THE LIGHT DOSAGE

Lei Yao* (The Ohio State University, USA; Beijing Academy of Agriculture and Forestry Sciences, China), Jayant Chatterji (The
Ohio State University, USA), Gang Zeng (Beijing Academy of Agriculture and Forestry Sciences, China), Hui Wang (Beijing
Academy of Agriculture and Forestry Sciences, China), Xiaohong Yan (Beijing Academy of Agriculture and Forestry Sciences,
China), Desh Pal S Verma (The Ohio State University, USA)
verma.1@osu.edu
LST8 (GβL) negatively regulates amino acid biosynthesis as a component of the TOR pathway in yeast. There are two
homologs of LST8 in Arabidopsis, AtLST8.1 (At2g22040) and AtLST8.2 (At3g18140). Here we demonstrate that both AtLST8.1
and AtLST8.2 interact with TOR kinase. AtLST8.2 can complement the function of yeast LST8, while AtLST8.1 can not.
AtLST8.1 and AtLST8.2 have differential expression levels in plant development. AtLST8.1 only transcribed and expressed in
inflorescence. Constituted over expression of AtLST8.1 in wild type Arabidopsis represses the primary bolting and increase
branching, and down regulating the expression of AtLST8.2. AtLST8.2 is an essential gene for plant development as three TDNA insertion mutants showed that disruption of AtLST8.2 leads to embryo lethality. Constituted expression AtLST8.2 coding
sequence in wild type down regulates its own expression, and increases the expression of AtLST8.1, resulting in the plants that
are hypersensitive to light dosage and nutrients. The strong light halts the growth of AtLST8.2 transgenic plants. The fusion of
GFP with AtLST8.2 and its expression revealed that AtLST8.2 expresses in chloroplast. The PGK1, a glycolytic enzyme which is
also expressed in chloroplast, reverses the response to AtLST8.2 expression level. These data suggest that AtLST8 proteins
play an important role in photosynthesis and possibly amino acid metabolism in plants.

600

REGIONAL PATTERN IN ARABIDOPSIS BRACT SUPPRESSION

Ryo Yonehara* (Nara Institute of Science and Technology, Japan), Masahiko Furutani (Nara Institute of Science and
Technology, Japan), Masao Tasaka (Nara Institute of Science and Technology, Japan)
r-yonehara@bs.naist.jp
Many higher plants produce leaf-like structures, called bracts, at the base of flowers or inflorescences, while Brassicaceae
species including Arabidopsis do not. Previous studies showed that cryptic bracts are formed at the base of flower primordia in
Arabidopsis but they do not outgrow any more. This suggests the existence of a mechanism of bract suppression in
Arabidopsis. However, the mechanism remains to be uncovered. In order to investigate the bract suppression in Arabidopsis,
we analyzed expression pattern of marker genes, SHOOTMERISTEMLESS (STM) for meristem and FILAMENTOUS FLOWER
(FIL) for abaxial side of leafy organs. In the analysis, we performed double-labeling in situ hybridization for simultaneous
detection of multiple markers. In early flower development, STM was expressed in the flower meristem and FIL was expressed
in the cryptic bract. There was a blank area of both marker expression domains. This blank is a supposed adaxial side of cryptic
bract. Surprisingly, as flower primordia were growing, the blank area between STM and FIL expression domains decreased.
Finally, the STM expression domain contacted with the FIL domain, indicating an elimination of the adaxial side of the cryptic
bract in Arabidopsis flower development. Next, to examine the relationship between bract suppression and the change of
regional pattern, we also performed expression analysis in several Arabidopsis mutants that produce bracts at the base of
flowers, such as puchi, bop1 bop2 and mab2. Interestingly, in all three mutants, we could not detect the decrease and
elimination of the gap area between STM and FIL expression domains. These results suggest a correlation between the change
of regional pattern and bract suppression in Arabidopsis flower development.
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A CHEMICAL-BIOLOGY APPROACH REVEALS A COUNTERACTION OF THERMOSPERMINE TO AUXIN IN XYLEM
FORMATION IN ARABIDOPSIS THALIANA

Kaori Yoshimoto* (Okayama University,Japan), Yoshiteru Noutoshi (Okayama University,Japan), Ken-ichiro Hayashi (Okayama
University of Science), Ken Shirasu (Plant Science Center, RIKEN,Japan), Taku Takahashi (Okayama University,Japan),
Hiroyasu Motose (Okayama University, Japan)
gsc422417@s.okayama-u.ac.jp
Thermospermine is a structural isomer of spermine and is produced from spermidine through the action of thermospermine
synthase, ACAULIS5 (ACL5) in Arabidopsis thaliana. Thermospermine suppresses xylem differentiation and its deficiency in
acl5 mutants results in a severe dwarfism associated with excessive proliferation of xylem vessels. To elucidate the molecular
basis of the function of thermospermine, we screened chemical libraries for compounds that can modulate xylem differentiation
in the acl5 mutant. We found that the isooctyl ester of a synthetic auxin, 2,4-dichlorophenoxyacetic acid (2,4-D), remarkably
enhanced xylem vessel differentiation in acl5 seedlings. 2,4-D, 2,4-D analogs and indole-3-acetic acid (IAA) analogs, including
4-chloro IAA (4-Cl-IAA) and IAA ethyl ester, also enhanced xylem vessel formation, while IAA alone had little or no obvious
effect on xylem differentiation. These effects of auxin analogs were observed only in the acl5 mutant but not in the wild type,
and were suppressed by the anti-auxin, p-chlorophenoxyisobutyric acid (PCIB) and a-(phenyl ethyl-2-one)-IAA (PEO-IAA), and
also by thermospermine. Furthermore, the suppressor of acaulis51-d (sac51-d) mutation, which causes SAC51 overexpression
in the absence of thermospermine and suppresses the dwarf phenotype of acl5, also suppressed the effect of auxin analogs in
acl5. These results suggest that the auxin signaling that promotes xylem differentiation is normally limited by SAC51-mediated
thermospermine signaling but can be continually stimulated by exogenous auxin analogs in the absence of thermospermine.
The counferaction of thermospermine to auxin may fine-tune the timing and spatial pattern of xylem formation.
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COUPLING PIN-DRIVEN RADIAL AUXIN DISTRIBUTION TO ASYMETRIC GROWTH EXPLAINS THE FORMATION
OF APICAL HOOK IN ARABIDOPSIS

Petra Žádníková* (Department of Plant System Biology - VIB, Belgium), Krzysztof Wabnik (Department of Plant System Biology
- VIB, Belgium), Kamil Blaszkiewicz (Department of Plant System Biology - VIB, Belgium), Jiří Friml (Department of Plant
System Biology - VIB, Belgium), Przemyslaw Prusinkiewicz (Department of Computer Science, University of Calgary, Canada),
Eva Benková (Department of Plant System Biology - VIB, Belgium)
pezad@psb.ugent.be
Auxin is a major plant growth regulator whose asymmetric distribution (auxin gradients) controls differential growth during plant
lifetime. One example of differential growth in plants is the formation of hook-like structure in the absence of light. Recent
studies demonstrate that this formation of apical hooks involves an auxin gradient that results from the concerted action of PINFORMED (PIN) auxin efflux carriers. However, it remains unclear how this auxin gradient is positioned through the combined
action of PIN proteins and how this gradient would translate to the differential cellular growth required for the formation of apical
hook. Here, we used combined in silico and in vivo approaches to examine minimal requirements for auxin gradient-guided
asymmetrical growth during formation of apical hook. We demonstrated that asymmetric expression of PINs - auxin carriers on
the outer (convex) side of the hook is a driving force for the radial redistribution of auxin and consequent establishment of auxin
maximum on the inner (concave) side of the hook. We validated these computer model predictions with the quantitative
experimental analysis of auxin response and PIN dynamics in both wild type and mutant plants. Our dynamic model explains
where and how auxin gradient is translated to differential growth of the hook. Moreover, our findings reveal the subtle crosstalk
between auxin and other plant hormone ethylene that feedback on PIN protein dynamics and thus auxin distribution during
apical hook development. Therefore, our study provides novel important insights in the regulation of differential growth in plants
through the coordinated crosstalk between individual hormones.
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