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Abstract #1. Translation regulation of plant hormone responses. (Submission 257)
1
Jose Alonso
1
NCSU, United States
Survival of plants greatly depends on the ability of these sessile organisms to tune their hardwired developmental programs to the
constant environmental changes. Although it is clear that plant hormones play a central role in this signal integration process, the exact
molecular mechanisms involved are still largely unknown. Until recently, most studies have approached this question by examining the
effects of different plant hormone regimens on transcript levels. Our recent work has taken advantage of the development of genomewide translation profiling (the Ribo-seq) to uncover a novel level of regulation in the plant response to the hormone ethylene. Specifically,
we have found that the signaling molecule EIN2 and the nonsense-mediated decay proteins UPFs play a central role in a previously
uncharacterized ethylene-induced translational response. Currently, we are investigating the role of other plant hormones in genespecific translational regulation. Our studies are revealing new nodes of interaction between hormones, as well as implicating 3’UTRs and
5’uORFs of specific transcripts in the regulation of plant responses to key growth regulators.
Keywords: Ribo-Seq; Auxin; Ethylene; Translation; Plant hormones.
Abstract #2. Regulation of Auxin Response Factors (Submission 307)
1
Lucia Strader
1
Washington University in St. Louis, United States
The phytohormone auxin is a central regulator of plant growth and development. The AUXIN RESPONSE FACTOR (ARF) family of
transcription factors mediates transcriptional responses to auxin and alteration of ARF activity often leads to severe developmental
consequences. Using a combination of structural, molecular, and cell biology, we have identified a mechanism to regulate cellular
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competence to respond to auxin, based on ARF activity.
Keywords: Auxin; Transcription Factors
Abstract #3. Structures and processes impacting on the microbial colonisation of plants (Submission 269)
1
Sebastian Schornack
1
University of Cambridge, Sainsbury Laboratory (SLCU), United Kingdom
The study of plant-biotic interactions has unravelled important immunity mechanisms which restrict microbial invasion. Conceptually,
successful pathogens and symbiotic plant colonising microbes suppress immunity and benefit from or exploit additional host mechanisms
for their entry and establishment. Remarkable examples for broad host microbes are Phytophthora palmivora oomycetes which can
infect hundreds of host species and diverse organs and tissues. Arbuscular Mycorrhiza fungi establish symbiotic interactions with the
majority of all land plants and species of Rhizobacteria can form a nitrogen fixing nodule symbiosis in most legumes. By utilising these
microbes and their interactions with legumes, tobacco, barley and Arabidopsis we aim to discover, understand and modulate general
plant mechanisms for microbial colonisation. Time-resolved dual transcriptomics of P. palmivora root colonisation has helped us to
identify infection relevant induced microbial effector proteins as well as early induced plant genes involved in microbial sensing and
signalling. Furthermore, we found a conserved eukaryotic protein which impacts on microbial entry by altering biochemical and physical
properties of the plant cell wall. These findings add to our understanding of common and specific plant colonisation mechanisms and may
provide alternative strategies for quantitative plant disease resistance.
Keywords: symbiosis; plant-microbe interactions; Phytophthora, arbuscular mycorrhiza fungi; Medicago, Nicotiana
Abstract #4. A day in the life of Chlamydomonas and other stories (Submission 298)
1
Sabeeha Merchant
1
UCLA, United States
Technological advances in the last decade present enormous opportunities for biologists. We are no longer restricted to a handful of
reference / model organisms for a view of fundamental pathways in plants, animals and microbes with molecular resolution. We can
sample the diversity of extant life for a retrospective view of adaptation and evolution, giving us deeper mechanistic understanding of
function, and sub-cellular structures and interactions can be visualized with atomic resolution. There is great potential for continued
discovery, for expanding our knowledge base, ultimately for improving the quality of life. Three vignettes will be presented: 1) a
collaboration with the Niyogi and Pellegrini groups in which we bring a previously uncharacterized organism, Chromochloris zofingiensis,
to the status of a model organism with a high quality genome assembly and imaging of intracellular structures, 2) a collaboration with
Ralle to visualize intracellular metal stores in Chlamydomonas with high spatial resolution, revealing highly organized structures, and 3)
use of DOE user facilities for temporal resolution of macromolecular and central metabolism during the Chlamydomonas cell cycle.
Keywords: Chlamydomonas, metal ions, chloroplast, metabolism, lysosome-related organelle
Abstract #5. Tending the Microtubule Garden: Pruners, Protectors and Growers (Submission 295)
1
Ram Dixit
1
Washington University in Saint Louis, United States
In plants, the cortical microtubule cytoskeleton determines cell shape by spatially organizing the deposition of cell wall material. To
perform this morphogenetic function, cortical microtubules need to be arranged into defined structures depending on the cell type and
developmental state. This feat is achieved by a host of microtubule-associated proteins that regulate polymer number, length and
turnover. Here, I will present our findings on the mechanisms that regulate the microtubule severing protein katanin and the discovery of
new plus-end tracking proteins in Arabidopsis thaliana. We have discovered that severing activity is regulated by phosphorylation of
three serine residues in the N-terminal domain of p60 katanin. Mutating all three residues to aspartate completely inhibits severing
activity in vitro, whereas mutating these residues to alanine did not alter severing activity compared to wild-type p60. Furthermore, we
found that the microtubule bundling protein, MAP65-1, is a potent inhibitor of katanin-mediated microtubule severing in vitro. We found
that the SPR2 protein, which has been proposed to inhibit severing at microtubule intersections, also inhibits severing in vitro, although
to a lesser extent compared to MAP65-1. Unexpectedly, live imaging revealed that SPR2 has both microtubule plus-end and minus-end
tracking activity. In the Arabidopsis spr2-2 mutant, cortical microtubule plus-ends are stuck in the growth state, whereas the minus ends
depolymerize much more rapidly than in wild-type plants demonstrating that SPR2 differentially regulates the dynamics of microtubule
plus and minus ends. Recently, we also discovered several new Arabidopsis EB1b-binding partners as putative microtubule plus-end
tracking proteins. One of these called Microtubule End binding Protein1 (MEP1) is a member of a novel family of +TIPs that localize to
growing plus-ends of cortical microtubules in vivo and are implicated in vascular development and/or function.
Keywords: Plant morphogenesis; microtubule cytoskeleton; fluorescence microscopy; katanin; plus-end tracking
Abstract #6. Endodermal differentiation - walking the thin line between protection and exchange (Submission 284)
1
Niko Geldner
1
University of Lausanne, Switzerland
Roots must manage the opposing aims of providing for uptake of nutrients and water from the soil on the one hand and providing
protection from potentially harmful microorganism and toxic elements on the other. The endodermis, the main barrier cell layer of roots,
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plays a pivotal role in this continuous tug-of-war. The highly localised network of cell wall impregnations between endodermal cells - the
Casparian strips - appear optimised for effectively blocking apoplastic diffusion into the stele while maximising endodermal plasma
membrane surface for uptake. Yet, in later stages, endodermal cells close off their surface by surrounding themselves with layers of
hydrophobic suberin lamellae, forfeiting uptake capacity for strongly increased protection. Recently, we have been able to demonstrate
that roots are able to change speed and degree of suberisation, depending on the specific nutrient deficiency that they experience. This
plasticity is not only due to regulated biosynthesis, but also due to increased degradation of pre-existing suberin under certain conditions,
revealing an unexpected level of control of roots over their protective barrier. Intriguingly, even in fully suberized root zones, some cells
remain entirely unsuberised. These long-described, suberisation-resistant cells were intuitively termed “passage cells” and noted to
always occur above xylem poles. We were able to demonstrate that passage cell formation is preced by differentiation of endodermal
cells into phloem/xylem pole endodermis. Symmetry breaking is caused by local differences of cytokinin and auxin signalling, due in part
to the movement of the cytokinin repressor AHP6 from the stele into endodermal cells. Moreover, we show that passage cells are indeed
privileged sites of transporter expression and appear to exert an effect on surrounding cortical and epidermal cells. I will report on our
latest ideas on the functional relevance of this highly conserved cell type in roots.
Keywords: roots; nutrient uptake; endodermis;
Abstract #7. Arabidopsis halleri – a model species to study local adaptation (Submission 293)
1
Ute Krämer , Anderson, Justin E., Ruhr University Bochum, Sorour, Ahmed A. A., Ruhr University Bochum, de Melo, J. Romario F., Ruhr
University Bochum, Lee, Gwonjin, Ruhr University Bochum, Porri, Aimone, Ruhr University Bochum, Stein, Ricardo J., Ruhr University
Bochum, Hoereth, Stephan, University of Bayreuth, Stolpe, Clemens, Bielefeld University, Mueller, Caroline, Bielefeld University, Clemens,
Stephan, University of Bayreuth
1
Ruhr University Bochum, Germany
Background: Our goal is to identify the alterations in molecular functions that underlie evolutionary adaptations. We pursue comparative
approaches focused on metal-related extreme traits in the zinc (Zn) and cadmium (Cd) hyperaccumulator species Arabidopsis halleri, a
close relative of A. thaliana. A. halleri is a perennial stoloniferous outcrossing species capable of colonizing toxic metalliferous soils that
contain high levels of Zn, Cd, lead and copper. In their natural habitats, on metalliferous soils and also on ordinary, non-metalliferous,
soils, A. halleri can enrich heavy metals to concentrations above 0.3% Zn and 0.01% Cd in leaf dry biomass – concentrations that justify
the classification of this species among more than 500 known metal hyperaccumulator taxa. Leaf metal concentrations in A. halleri are
orders of magnitude higher than in other plants on the same soils and far exceed critical toxicity thresholds of A. thaliana.Materials and
methods: We combine laboratory-based genetic, genomic, molecular and cell biology, physiology and phenotyping approaches with
common garden experiments, fieldwork and population genomics.Results: Genome-wide cross-species transcriptomics studies of A.
halleri and closely related non-hyperaccumulator species led to working models of the molecular mechanisms of metal
hyperaccumulation and associated metal hypertolerance. The functions of several key candidate genes and their variants were analyzed
upon transfer into the A. thaliana genetic background, as well as in A. halleri stably transformed with RNA interference and promoterreporter gene constructs. To address within-species phenotypic trait variation, we conducted a large field survey of A. halleri, with multielement analysis of leaves and rhizosphere soil from about 2,000 plant individuals sampled in their natural habitats (Stein et al., 2017). A
subset of 850 individuals were transferred into our greenhouse to form an edaphically and ionomically indexed biodiversity collection.
Genotyping-by-sequencing data allowed initial genome-wide association studies. To expand this approach, phenotyping of field-collected
individuals is in progress under standardized growth chamber conditions. Reciprocal field transplant and common garden experiments
demonstrated local adaptation and provided insights on the ecological relevance of intra-species variation in metal homeostasis of A.
halleri.Conclusions: Naturally selected metal hyperaccumulation and hypertolerance are the result of the enhancement of pre-existing
gene functions at key positions in the metal homeostasis network. Natural selection acts in a complex way on metal homeostasis of A.
halleri, and aspects of this are worth examining also in non-accumulator plant species. Our work is relevant for the development of
phytomining and phytoremediation technologies and may educate approaches towards crop safety and bio-fortification.References:
Stein et al. (2017) New Phytol. 213: 1274-86.
Keywords: Arabidopsis relatives; extremophile; heavy metal; genome-wide association mapping; molecular ecology
Abstract #8. Fire, phosphate, friends, and foes: the evolution of karrikin and strigolactone signaling (Submission 300)
1
David Nelson
1
University of California, Riverside, United States
Karrikins are a class of compounds found in smoke that stimulate germination of many species after fire. Karrikins can also influence
seedling growth, and in some species have been reported to enhance seedling vigor and survival under stressful growth conditions.
Genetic studies revealed that karrikin responses require the F-box protein MAX2, which is also necessary for strigolactone signaling.
Strigolactones are plant hormones with diverse roles in development that are also exuded into soil, where they serve as recruitment
signals for symbiotic interactions with arbuscular mycorrhizal fungi under low phosphorus or nitrogen conditions. Root parasitic weeds in
the Orobanchaceae have capitalized on this symbiosis by evolving the ability to use strigolactones in soil as germination cues. The core
components of the karrikin and strigolactone signaling pathways have been identified over the past several years, revealing mechanisms
of ligand-activated proteolysis that are analogous to several other plant hormone signaling systems. Remarkably, karrikin and
strigolactone signaling involve homologous components. We discovered that strigolactone receptors in parasitic plants evolved from
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gene duplication and neofunctionalization of the receptor KAI2, which is necessary for karrikin responses in Arabidopsis. However,
increasing evidence points to an unknown endogenous ligand for KAI2 and that karrikins may fortuitously mimic this signal in Arabidopsis.
We are now pursuing the identification of the unknown KAI2 ligand and exploring the evolution of specialized karrikin responses in firefollowing species.
Abstract #9. Defining the transcriptional regulatory structure of plant genomes (Submission 258)
1
Roger Deal , Maher, Kelsey, Emory University, Bajic, Marko, Emory University, Kajala, Kaisa, UC Davis, Reynoso, Mauricio, UC Riverside,
Pauluzzi, Germain, UC Riverside, Bailey-Serres, Julia, UC Riverside, Neelima Sinha, UC Davis, Siobhan Brady, UC Davis
1
Emory University, United States
Compared to animal genomes, the cis-regulatory structure of plant genomes remains poorly defined. It is currently unclear how many
enhancer elements exist in plant genomes, where these elements lie in relation to their target promoters, and how many elements are
typically used to regulate each gene. To address these issues, we have employed the assay for transposase accessible chromatin (ATACseq) in four different plant species (Arabidopsis, Medicago, Tomato, and Rice) to delineate open chromatin regions and transcription
factor binding sites across each genome. Despite major variations in genome size and evolutionary divergence, we find that the
distribution of open chromatin sites is highly similar across species. The majority of intergenic open chromatin sites occur within 3 kb
upstream of a transcription start site (TSS) in all four species. Nearly 70% of genes in Arabidopsis, Medicago, and Rice have a single
putative enhancer region upstream of the TSS, while a similar percentage of Tomato genes have 2-5 such elements. We have also used
ATAC-seq profiling of specific cell types in Arabidopsis to address the differential utilization of regulatory elements during cell
differentiation. We find that while closely-related cell types often have qualitatively indistinguishable open chromatin profiles,
quantitative analysis of chromatin accessibility reveals functionally relevant differences between cell types. Furthermore, by combining
chromatin accessibility data with transcription factor (TF) expression and genomic binding data, we can identify TF networks acting at a
high level to control transcriptional output in specific cell types. These putative regulatory networks then inform further experimentation
and hypothesis testing. In this talk I will discuss the key findings of this work and future goals for deciphering transcriptional control in
plants.
Keywords: transcriptional regulation, ATAC-seq, transcription factor, enhancer

Abstract #10. The multiple facets of Polycomb Repressive Complexe 2 (Submission 314)
1
Francois Roudier , Morao, Ana Karina , IBENS, Chica, Claudia, IBENS, Caillieux, Erwann, IBENS, Bouyer, Daniel, IBENS, Colot, Vincent,
IBENS, Roudier, François, IBENS-RDP
1
France
Polycomb group proteins play a major role in maintaining the transcriptional repression of target genes by regulating their chromatin
structure. Polycomb Repressive Complex 2 (PRC2) is responsible for the trimethylation of histone H3 lysine 27 (H3K27me3) and exists in
multiple forms differing by their subunit composition. By combining molecular, genetic and genomic approaches, we show that the
interplay between distinct PRC2s is necessary to regulate the activity of the meristem and the timing of cell differentiation, as well as the
maintenance of cell identity. In addition, our work reveals that PRC2 complexes containing either of the two related methyltransferases
CLF or SWN regulate common as well as specific sets of genes through distinct mechanisms, including a non-canonical function.
Furthermore, our results indicate that the functional differences between CLF-PRC2 and SWN-PRC2 rely, at least in part, on the noncatalytic subunit they are interacting with. Taken together, our data indicate that distinct PRC2 complexes cooperate to orchestrate the
transcriptional networks that coordinate meristem activity and cell differentiation during root development.

Abstract #11. How membrane trafficking regulates immunity (Submission 146)
1
Silke Robatzek , Sara Ben Khaled, Gildas Bourdais, Michaela Kopischke, Lydia Rickett, Mary Tetlow
1
The Sainsbury Laboratory, United Kingdom
Our main research focus has been how cells defend themselves against infection of their extracellular space by microbial pathogens.
Conserved microbial patterns activate cell surface receptors that are essential for host immunity, and induce their internalization. Over
the years we have characterized immune receptor-mediated endocytosis, a process conserved across different receptor family members.
Yet, the significance of receptor-mediated endocytosis in the regulation of immune signalling remained controversial. We recently have
revealed that endocytosis of cell surface immune receptors is a mechanism for sustaining cellular responsiveness to microbial patterns, as
it exists in natural encounters of plants with their biotic environment, to confer long-term anti-bacterial immunity. This work is supported
by the Gatsby Charitable Foundation and the European Research Council (ERC).
Keywords: pattern-triggered immunity, flagellin, EF-Tu, FLS2, EFR
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Abstract #12. Closing the deal: Arabidopsis LORELEI is required for pollen tube reception by the female gametophyte (Submission 387)
1
Ravi Panivelu , Yanbing Wang, Xunliang Liu, Jennifer Noble, Rebecca A. Mosher
1
University of Arizona, United States
Double fertilization requires successful sperm cell delivery by the male gametophyte (pollen tube) to the female gametophyte (embryo
sac). We isolated a null allele of LORELEI (LRE) and implicated it in inducing pollen tube reception by the synergid cells of the female
gametophyte. LRE fused to citrine yellow fluorescent protein (LRE-cYFP) remains functional and localizes to the synergid plasma
membrane-rich filiform apparatus, the first point of contact between the pollen tube and the female gametophyte. LRE contains domains
that are critical for adding a glycosylphosphatidylinositol (GPI) anchor to the pre-protein in ER. Consistent with these observations,
deletion of GPI anchor addition domains led to decreased localization of LRE-cYFP in the filiform apparatus. Biochemical analysis of
ectopically-expressed LRE-cYFP expressed in leaves demonstrated that LRE is indeed a GPI-anchored membrane protein. Ectopically
expressed and delivered LRE-cYFP from pollen tubes could non-cell-autonomously complement the pollen tube reception defect in lre
female gametophytes, only if they expressed FERONIA, a receptor-like kinase, indicating that LRE and FERONIA jointly function in pollen
tube reception at the interface of the synergid cell and pollen tube. Expression analysis showed that LRE is expressed in the female
gametophyte before fertilization and the developing seed up to 24 hours after pollination. Interestingly, LRE expression is imprinted:
the LORELEI matrigenic allele contributes nearly all the LORELEI expression after fertilization, making it a rare imprinted gene that
functions immediately after double fertilization. Our results show that a strict maternal and matrigenic expression of LORELEI in the
female gametophyte and fertilized ovules, respectively, allows the maternal parent to control two critical events – pollen tube reception
and initiation of seed development – just before and soon after double fertilization using the same gene.
Abstract #13. Symplastic signaling during root development (Submission 249)
1
Kim Gallagher , Shuang Wu, Ruthsabel O'Lexy
1
United States
Plant development relies on positional information for the coordination of cellular patterning and morphogenesis. As in animals,
mechanical signals, secreted peptides and hormones can all convey information between cells. However, unique to plants is the ability of
cells to directly signal their neighbors via plasmodesmata. Transcription factors, small RNAs and metabolites can all move between cells in
the plant. Here we exploit a novel tool that effectively blocks movement of proteins and small RNAs between cells to show that cell-tocell signaling is important for the coordination of cell divisions and cell polarity between cell layers in the root. Tissue specific inhibition of
plasmodesmata in the endodermis results in a deformation of the cortical cell layer and a failure of cells in the endodermal lineage to
switch from a stem (founder) cell fate to a transit amplifying fate.
Abstract #14. Interplay between phosphorylation and ubiquitination in plant immune signaling (Submission 299)
1
Jacqueline Monaghan
1
Queen's University, Canada
Plants have evolved a multi-faceted immune system to fight against pathogen infection. While necessary for survival, pathogen
perception and the activation of immune responses are energetically taxing for the host and have been linked to considerable fitness
costs. Although defense signaling pathways must therefore be tightly regulated, very little is known about the biochemical mechanisms
that tailor signaling to maintain cellular homeostasis. Our new research program at Queen’s University focuses on understanding the
basic mechanisms underlying plant immunity with a focus on kinase-mediated signal transduction. Current projects address the role of
and interplay between different post-translational modifications on proteins involved in immune homeostasis. We previously found that
the Ca2+-dependent protein kinase CPK28 associates with and phosphorylates the key immune kinase BIK1, affecting BIK1 turnover
through the ubiquitin-proteasome system. We are currently investigating site-specific modifications on BIK1 and CPK28 that regulate
their function in immune signaling. Ongoing work involving the identification of in vivo post-translational modifications of these
regulators will be presented.
Abstract #15. Post-translational mechanisms of brassinosteroid and sugar responses (Submission 391)
1
Zhiyong Wang , Zhu, Jia-Ying, Carnegie Institution for Science, Zhang, Zhenzhen, Fujian Agriculture and Forestry University, Wang,
Wenfei, Fujian Agriculture and Forestry University, Xu, Shouling, Carnegie Institution for Science, Shin, Kihye, Fujian Agriculture and
Forestry University, Cheng, Ling, Fujian Agriculture and Forestry University
1
United States
Plant growth is regulated by not only environmental and hormonal signals but also by sugar, which is not only the essential source for
energy and metabolism but also a regulatory signal. Integration of sugar signal with environmental and hormonal signals is crucial for
homeostasis. Plant cell elongation is regulated by brassinosteroid (BR), auxin, gibberellin (GA), light, and temperature signals through a
central network of interacting transcriptional regulators, including the BR-activated BZR1 family transcription factors, the auxin response
factors (ARF), the phytochrome-interacting factors (PIFs), and the GA-sensitive DELLA proteins (the so-called BAP/D growth module). BR
signalling through the receptor kinase BRI1 leads to inhibition of the GSK3-like kinase BIN2 and dephosphorylation of the BZR1 family of
transcription factors. BR-induced inactivation of BIN2 involves its ubiquitination mediated by the F-box protein KIB1. Sugar affects BR
responses in light-dependent manners. In dark conditions, sugar promotes BZR1 accumulation through the Target Of Rapamycin (TOR)
pathway and an autophagy-dependent mechanism. However, in light-grown plants, a high level of sugar attenuates BR-induced BZR1
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dephosphorylation and inhibits BR responses. Sugar is also known to modulate growth through glycosylation of regulatory proteins. We
have identified 262 proteins modified by O-linked N-acetylglucosamine (O-GlcNAc) in Arabidopsis. These include mostly nuclear proteins
involved in transcriptional regulation, RNA-processing, and hormone responses. A framework for integrating sugar and hormonal
responses through post-translational mechanisms will be presented.
Keywords: Sugar response, TOR, brassinosteroid, ubiquitination, O-GlcNAc modifications
Abstract #16. Ionome to Genome: Tales of Gene Discovery (Submission 390)
1
Mary Lou Guerinot
1
Dartmouth College, United States
Understanding how seeds, often the edible portion of the plant, obtain and store nutrients is key to developing crops with higher
agronomic and nutritional value. Most of our work has been focused on the essential micronutrients iron, manganese and
zinc. Combining genetics, high throughput elemental analysis via ICP-MS and high resolution imaging via synchrotron X-ray fluorescence,
we have identified and characterized a number of Arabidopsis mutants that have increased tolerance to iron deficient growth conditions
and have increased iron accumulation relative to wild type plants. One of these, Ig14, has a similar metal content to wild type when
grown on normal soil, but thrives on alkaline soil, accumulating significantly more iron in its shoot and seeds. A triple mutant of three
closely related negative regulators of the iron deficiency response has increased tolerance to iron deficient growth conditions and
increased iron accumulation without resulting toxicity. We have also uncovered unique patterns of iron and manganese localization in
seeds and have now identified the genes responsible for setting up these patterns, allowing us to determine whether the patterns are
biologically significant and, ultimately, whether they can be altered in support of biofortification of staple crops. We are also taking
similar approaches to determine how arsenic, a non-threshold, Class 1 human carcinogen, accumulates in plants. Rice, a staple food for
over half the world’s population, represents a significant dietary source of arsenic. It is imperative that strategies to reduce grain arsenic
are developed, and identifying the mechanisms that enable arsenic to reach and accumulate within the rice grain is key to this endeavor.
Keywords: essential micronutrients; iron; manganese; arsenic; seeds
Abstract #17. Towards a quantitative understanding of how signals drive cell fate decision-making at the shoot apical meristem
(Submission 294)
1
Teva Vernoux
1
ENS de Lyon, France
Plant organs are initiated at the shoot apex in precise spatio-temporal patterns that are the primary determinants of phyllotaxis, the
geometric arrangement of organs along the stem. A combination of modeling and wet experiments has shown over the years that auxinbased inhibitory fields are central to the dynamics of morphogenesis at the shoot apex. So far our understanding of how auxin-based
inhibitory fields pattern the shoot apex is largely qualitative and no formal analysis has been conducted to analyze their dynamics and
their variability. We have now used a ratiometric biosensor for auxin and live-imaging to conduct a quantitative analysis of auxin 4D
distribution in the shoot apex and to relate it to identity markers dynamics and to tissue growth. I will discuss how both auxin transport
and growth contribute to shape inhibitory fields that allow efficient control of patterning dynamics at the shoot apex and generation of
the shoot primary architecture.
Abstract #18. Hopeful monsters and plant synthetic biology (Submission 274)
1
Jennifer Nemhauser
1
U Washington, United States
Life in the Anthropocene has many challenges, among the most urgent is widespread global hunger and malnourishment. What if every
community of small-hold farmers could improve their own heritage crops to their own specifications? Realizing this DIY vision would
require radical innovations in the way we conceptualize and execute crop improvement. Synthetic biology, sitting at one of the
intersections of engineering and biology, offers theoretical and practical tools to guide such efforts. My group is interested in exploring
the limits of rational re-tuning of developmental pathways to customize plant form for local agricultural conditions. To date, the majority
of our efforts have focused on the auxin response pathway. Our synthetic experiments recapitulating auxin response in yeast inform and
are informed by experiments in plants. This work has led to the hypothesis that auxin sets context-specific developmental timers. We are
actively testing this hypothesis by resetting auxin response dynamics through expression of variants in pathway components and
quantification of the impacts on shoot and root architecture.
Abstract #19. Topological features of a gene co-expression network predict patterns of natural diversity in environmental response
(Submission 360)
1
David DesMarais
1
Harvard University, United States
Genes neither function nor evolve in isolation. The transcriptional activities of genes are often highly correlated with one another,
forming hierarchical gene regulatory networks (GRNs) comprised of functionally related modules. Within GRNs, some genes -- “nodes” –
have stronger or more interactions -- “edges” – than do other genes. Because the effect size of mutations is strongly associated with their
evolutionary fate, and because GRN position can influence the phenotypic breadth of a mutation’s effect, properties of GRNs will likely
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affect selection acting on individual component genes. Here, I investigated the network topology of genes involved in response to two
abiotic stressors—drought and cold—in Arabidopsis thaliana. I show that the positions of genes exhibiting genetic variation in drought
response (GxE) are more peripheral and cold GxE genes are more central in GRNs than genes not involved in either response. I suggest
that the observed topologies reflect different constraints on regulatory pathways involved in the assayed phenotypes. My network-based
analysis also reveals functional enrichments of drought eGxE genes which were not detected in past analyses, thus suggesting the power
of this approach for detecting meaningful biological patterns in complex data.
Keywords: abiotic stress, genotype by environment interaction, gene reguation
Abstract #20. Natural Variation Within And Among Species: Integrating Population Genomics and Comparative Genomics of Brassica
and Relatives (Submission 75)
1
J. Chris Pires , Kent, Tyler, University of Toronto, Edger, Patrick, Michigan State University, Platts, Adrian, New York University, Washburn,
Jacob, University of Missouri, Schmutz, Jeremy, Hudson Alpha, Mitchell-Olds, Tom, Duke University, Schranz, Eric, Wageningen University,
Weigel, Detlef, MPI, Wing, Rod, University of Arizona, Wright, Stephen, University of Toronto
1
University of Missouri, United States
The Brassicales Map Alignment Project (BMAP) has sequenced 19 genomes as part of a Department of Energy (DOE) Joint Genomes
Institute (JGI) Community Sequencing Program (CSP) initiative. Our international team has more than doubled the existing genomic
resources for the mustard family (Brassicaceae). Specifically, we are adding one genome in the Cleomaceae (Cleome violacea) and 18
genomes in the Brassicaceae: Cakile maritima, Caulanthus amplexicaulis, Crambe hispanica, Descurania (two species), Diptychocarpus
strictus, Eruca vesicaria, Euclidium syriacum, Iberis amara, Isatis tinctoria, Lepidium sativum, Lunaria annua, Malcomia martima,
Myagrum perfoliatum, Rorippa islandica, Sinapis alba, Stanleya pinnata, and Thlaspi arvense. While previous genome sequencing in the
Brassicaceae has focused on relatives of Arabidopis, Brassica, and a few extremophiles, these genome sequences are phylogenetically
dispersed among all the main lineages of the mustard family. Collectively, the Brassicaceae are the model flowering plant family more
phenotypes of interest including abiotic stress (salt, flooding, drought, cold, heavy-metal soils), biotic stress (herbivory, fungal
associations), vegetative and reproductive development, self-incompatibility, seed composition and dormancy, and others traits of
agronomic or evolutionary significance. We will present comprehensive analyses of these genomes with existing published high-quality
genomes of the Brassicaceae. Our analyses include a thorough characterization of genome structure (genome size, repetitive elements,
conserved noncoding regions, gene and genome duplications, etc.) evolutionary and phylogenomic analyses, and systems/network
analyses.
Keywords: Comparative Genomics; Phylogenomics; Polyploidy; Genome Size Evolution; Metabolic Networks
Abstract #21. Using Natural Variation to Uncover the Genetic Basis of Root Traits in Arabidopsis (Submission 289)
1
Wolfgang Busch
1
Salk Institute, United States
Hidden from view, roots play a crucial role for plant survival and productivity. Different soils and climates constitute tremendous
challenges for root systems, as water and nutrient distribution can greatly differ. Nevertheless, Arabidopsis thaliana successfully
colonized large parts of Eurasia that display vast variations of climates and soils. Supposedly, root systems had to strongly adapt to allow
for this and consistently with an adaptive role of roots, natural accessions of Arabidopsis show pronounced variation of root growth and
its responses to the environment. But what are the genes and genetic variants responsible for root trait variation, and where do they fit
in with what we already know about root growth and development? We have approached this problem using a systems genetics
approach that integrates high throughput phenotyping, genome wide association mapping and functional genomic approaches. We have
identified multiple mechanisms that underlie the natural variation of root traits. Moreover, we studied the relation of gene variants, root
traits, climate and soil parameters. Finally, we started to investigate the molecular mechanism of some of these genes. Among the most
outstanding mechanisms is a signaling module of Leucine-Rich-Receptor-Like-Kinases in which natural genetic variation determines root
growth responses to low iron levels. Interestingly, these genes are also involved in defense responses. Overall, our work demonstrates
that systems genetics approaches harnessing existing natural genetic variation as well as modern post-genome-era approaches, allow us
to understand genetic and molecular mechanisms that underlie phenotypic variation and most likely contribute to local adaption.
Keywords: genetics; natural variation; root; phenotyping; GWAS
Abstract #22. Epigenetic regulation of genome expression, environmental and developmental interaction (Submission 261)
1
Xuehua Zhong
1
University of Wisconsin-Madison, United States
Epigenetic regulation of gene expression plays critical roles in maintaining genome integrity, imprinting, cellular differentiation, normal
growth and development, disease formation as well as in responding versatile environmental signals. Our overall research goal is to
understand how epigenetic modifications of DNA and histones modulate chromatin structural dynamics to regulate gene expression. We
are also interested in understanding how epigenetic modulation of chromatin structure and gene expression dictate responses to
environmental changes and how environment conditions feedback to shape the epigenetic landscape. Our lab recently discovered an
epigenetic complex as a novel player in plant ageing as well as an epigenetic switch triggering developmental phase transition. I will
discuss the data describing our latest understanding of the underlying mechanism.
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Abstract #23. Epigenetic inheritance of DNA methylation patterns (Submission 354)
1
Daniel Zilberman
1
UC Berkeley, United Kingdom
Cytosine methylation provides a mechanism to heritably alter the genome without permanent modification of the DNA sequence. In
flowering plants, DNA methylation patterns are faithfully reproduced across generations, so that methylation shapes the inheritance of
plant traits. Epigenetic mutations that disrupt methylation at a particular locus can cause substantial developmental abnormalities. I will
present our recent results that elucidate how plants ensure the accurate and reliable inheritance of DNA methylation.

Abstract #24. Insight of histone demethylases targeting in Arabidopsis (Submission 254)
1
Xiaofeng Cao
1
Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, China
Transcription activity of chromatin is regulated by covalent modifications on nucleosomes and DNA. Recent efforts have identified a lot of
chromatin modifiers, which play important roles in various aspects of biological processes. These chromatin modifiers normally bind a
subset of specific genomic loci. Discovering the mechanisms of recruiting these modifiers is essential for understanding the biological
function of them. We previously identified Arabidopsis JMJ14 and JMJ12/REF6 as H3K4 and H3K27-specific histone demethylases, which
use two distinct mechanisms to their genome-wide targets. The C-terminal FYR domain of JMJ14 interacts with a pair of NAC domain
containing transcription factors, which bring JMJ14 to their common target genes; whereas REF6 recognizes its target loci by direct
recognizing specific DNA sequence through its tandem C2H2-Zinc finger domains. In this talk, I will provide additional information to
illustrate how REF6 acts in genome-wide targeting in Arabidopsis.
Abstract #25. Spatiotemporal averaging of variable cell growth produces regular Arabidopsis sepals (Submission 129)
1
Adrienne Roeder , Hong, Lilan, Cornell University, Dumond, Mathilde, ENS de Lyon, Tsugawa, Satoru, Hokkaido University, Sapala,
Aleksandra, Max Planck Institute for Plant Breeding Research, Hamant, Olivier, ENS de Lyon, Smith, Richard, Max Planck Institute for Plant
Breeding Research, Komatsuzaki, Tamiki, Hokkaido University, Li, Chun-Biu, Stockholm University, Boudaoud,Arezki, ENS de Lyon
1
Cornell University, United States
Flowers form with remarkable consistency of size and shape in Arabidopsis. This consistency is striking because the growth and division of
cells making up those organs is highly variable. To identify genes involved in producing reproducible floral organs, we screened for
mutants with variably sized and shaped floral organs and recovered six mutations in the FtsH4 gene. Surprisingly, we found that the rate
of cell growth was less variable in ftsh4 sepals than in wild type. To understand how reducing cellular variability could increase organ
variability, we simulated a mechanical model of the sepal. In our model, varying the stiffness of the tissue only in space produced highly
irregular sepals. In contrast, if we varied the stiffness of the tissue not only in space but also in time, the model produced regular sepals.
Thus, the model suggested that cellular variability in both space and time averages out to produce regular organs. In wild-type sepals, we
observed this spatiotemporal averaging in the principal directions of growth of the cells. For example, if a cell grew a little bit toward the
right and then grew a little bit to the left, the overall growth averaged to straight. In contrast, spatiotemporal averaging failed in ftsh4
mutant sepals, and the principal directions of growth of the cells did not become straight over time. FtsH4 encodes a mitochondrial i-AAA
protease, and ftsh4 mutants have abnormal and increased accumulation of reactive oxygen species (ROS). Dipping wild type flowers in
hydrogen peroxide produced irregular sepal sizes, whereas reducing ROS in the ftsh4 mutant by overexpressing CATALASE2 (CAT2)
restored consistent sepal sizes; these data indicate that abnormal ROS accumulation causes the formation of irregular organs. Thus,
spatiotemporal averaging of cellular variability is required for precision and reproducibility in organ shape and size.
Keywords: spatiotemporal averaging; sepal; cell growth; size; shape
Abstract #26. Manipulating heterotrimeric G-protein signaling to improve plant yield and stress tolerance (Submission 287)
1
Sona Pandey , Jagdeep Kaur, Swarup Roy Choudhury, Anitha Vijayakumar, Nigel Taylor
1
Donald Danforth Plant Science Center, United States
Heterotrimeric G-proteins comprised of three dissimilar subunits Gα, Gβ and Gγ, are important regulators of multiple growth and
developmental pathways in all eukaryotes. In plants, the involvement of G-proteins has been established in regulation of a multitude of
fundamental growth and development pathways such as phytohormone signaling and cross-talk, control of cell division and organ shape,
biotic and abiotic stress responses and reproductive trait plasticity. The plant-specific type III Gγ proteins, exemplified by AGG3 in
Arabidopsis, have emerged as a key target for increasing yield of crop plants, while reducing input and improving stress tolerance, which
is the ultimate goal of most plant science research. Functional analysis of Arabidopsis AGG3 shows its involvement in G-protein mediated
abscisic acid signaling processes. Targeted manipulation of AGG3 gene in Arabidopsis and Camelina has also established it as a positive
regulator of organ size. Furthermore, genetic analysis of various rice and barley populations has identified the AGG3 homologs DEP1 and
GS3 as the QTL for grain length, panicle branching and nitrogen use efficiency. The regulation of multiple important traits such as seed
size, shape and number, as well as stress responses and nutrient use efficiency by the type III Gγ proteins make them a key target for
biotechnological applications. However major gaps exist in our knowledge about their mechanistic details. The results obtained from the
analysis of naturally occurring variations in rice and barley are confounding and the extent to which the observed effects are due to the
higher expression of these proteins versus the presence of specific modifications or truncations remains unclear. To address this, we have
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overexpressed the AGG3 gene in Setaria italica (a model monocot) and analyzed the transgenic plants for their improved agronomic
traits. Our results confirm the role of type III Gγ proteins as a positive regulator of yield.
Keywords: Type III Gγ proteins, AGG3, Heterotrimeric G-proteins, stress response, yield

Abstract #27. Low oxygen and energy: Multi-scale gene regulatory responses in Arabidopsis and rice (Submission 278)
1
Julia Bailey-Serres , Reynoso, Mauricio A., UC Riverside, Pauluzzi, Germain, UC Riverside, Lee, Travis, UC Riverside, Locke, Anna, UC
Riverside, Winte, Sonja, UC Riverside
1
UC Riverside, United States
A reality of the increase in the Earth’s average surface air temperature is more frequent extremes in water availability in natural and
agricultural ecosystems. Poor tolerance of crops to water extremes is a leading cause of stagnation in grain productivity and contributes
to food insecurity. The integration of fundamental knowledge from crops and Arabidopsis can hasten the recognition of conserved
genetic mechanisms that might be engineered to stabilize fitness in variable environments. The exceptional developmental plasticity of
rice plants to slow or rapid floods is determined by SUBMERGENCE1A or SNORKEL1/2 loci, respectively, members of an ethyleneresponsive transcription factor family (ERF-VIIs). ERF-VII accumulation in Arabidopsis requires a decline in cellular oxygen levels, due to
turnover mediated by an oxygen-dependent branch of the N-end rule pathway. Arabidopsis ERF-VIIs bind an hypoxia-responsive
promoter element (HRPE) to activate genes associated with anaerobic metabolism as well as restrict ERF-VII function and accumulation.
This counterbalanced response is critical to limit energy inefficient anaerobic metabolism as oxygen levels recover. A third rice locus,
TREHALOSE 6-P PHOSPHATASE7 enhances seedling survival of flooding by limiting growth to the coleoptile. From these loci we
understand that flooding survival involves regulation of whether energy reserves will be: (1) depleted to maximize growth to regain
access to oxygen, or (2) re-allocated from source to sink to maintain viability of stem or other cells. To better understand prioritization of
these options in specific cells to influence developmental plasticity, we have performed comparative multi-scale studies of Arabidopsis
and rice. This entailed adaption of INTACT (Isolation of Nuclei TAgged in specific Cell Types) and TRAP (Translating Ribosome Affinity
Purification) to rice. With these we have monitored dynamics in chromatin accessibility, nuclear, and ribosome-bound mRNAs from the
organ to the cell-type level, recognizing similarities and distinction between cell types and species in dynamics of response and energy
management. Supported by NSF PGRP Plasticity (IOS-1238243) and PGRP Secretome (IOS-1546879) projects.
Keywords: transcriptional regulation, chromatin, abiotic stress, water extremes, rice
Abstract #28. Mechanisms and evolution of imprinting in plants (Submission 273)
1
Mary Gehring
1
Whitehead Institute, United States
In plants, imprinting occurs in the endosperm, an essential seed tissue formed from one of two fertilization events that characterize
flowering plant reproduction. The endosperm is triploid, with two maternally and one paternally inherited genomes. Most genes are
expressed in a maternal: paternal ratio of 2:1, but 100+ genes are imprinted, meaning they are expressed preferentially either from the
maternally or the paternally inherited alleles. This talk will focus on our latest understanding of the role of DNA methylation dynamics,
transposable elements, and natural epigenetic variation in establishing and maintaining imprinted expression, and will discuss insights
derived from comparative evolutionary studies of imprinting.
Keywords: DNA methylation, imprinting, endosperm
Abstract #29. Hormone metabolism and biased ligand signaling in plants (Submission 313)
1
Jing-Ke Weng , Michael P Torrens-Spence, Valentina Carballo, Anastassia Bobokalonova, Yanmei Huang
1
Whitehead Institute and MIT, United States
Traditional views of cell signaling often depict hormone perception mechanisms as simple on-off switches in a one-ligand-one-receptor
model, wherein a particular receptor protein is activated solely by its pairing hormone with perfected binding kinetics. However, an
increasing body of evidences suggests that hormone-receptor interactions in vivo are more sophisticated than previously thought, which
may involve dynamic interactions between a series of structurally related hormone molecules and a family of divergent receptor
proteins subject to spatial and temporal regulation. Hormone metabolism not only gives rise to the biosynthesis of one active hormone
form, but also yield a series of related metabolites, including the precursor intermediates preceding hormone biosynthesis as well as the
compounds that are further metabolized from the most commonly recognized active hormone form. Historically, the signaling properties
of these additional hormone-related metabolites were at large overlooked without much scrutiny, yet some of these metabolites have
indeed been exploited evolutionarily to serve as new signaling molecules, often in a “biased fashion”, contributing to the signaling
complexity within the same organism or across divergent lineages. Phytohormones are highly specialized metabolites, the biosynthesis of
which is dependent of metabolic pathways uniquely evolved in land plants. In this talk, I discuss the role of biased ligands, derived from
evolutionarily elaborated hormone metabolic systems, in complex signaling regulation in plants.
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Abstract #30. Molecular Controls in Plant Hormone Signaling (Submission 256)
1
Joe Jez
1
Washington University in St. Louis, United States
Plants respond to developmental cues and abiotic and biotic stresses by controlling both the level and activity of phytoormones. Recent
structural biology studies provide new insights on control mechanism before and after binding of auxin and jasmonates to their
respective receptors. Pre-receptor action by acyl acid amido synthetases of the GH3 family modulate hormone levels by amino acid
conjugation. The first crystal structures of benzoate-specific Arabidopsis thaliana AtGH3.12/PBS3 and jasmonic acid (JA)-specific
AtGH3.11/JAR1, combined with biochemical analysis, define features for the conjugation of amino acids to diverse acyl acid substrates
and highlight the importance of conformational changes in the C-terminal domain for catalysis. These results demonstrate how a highly
adaptable three-dimensional scaffold is used for the evolution of promiscuous activity across an enzyme family for modulation of plant
signaling molecules. A second molecular control mechanism in auxin responses involves protein-protein interactions mediated by the
Phox/Bem1p (PB1) domains of Auxin Response Factors (ARF) and Aux/IAA co-repressors to regulate transcriptional events modulated by
the phytohormone auxin. These structures reveal a two-pronged interaction and evolutionarily conservation of this core recognition
feature, along with co-varying interface sequences allows for versatile PB1-mediated interactions in auxin signaling. Combined structural,
functional, and sequence analysis provides new molecular insights on plant hormone response systems.
Abstract #31. Inositol pyrophosphate signaling molecules control plant phosphate homeostasis by binding to SPX sensor domains
(Submission 255)
1
Michael Hothorn
1
Switzerland
Phosphorus is a macronutrient taken up by cells as inorganic phosphate (Pi). How cells sense cellular Pi levels is poorly characterized. I
will report that SPX domains, which are found in eukaryotic phosphate transporters, signaling proteins, and inorganic polyphosphate
polymerases, provide a basic binding surface for inositol polyphosphate signaling molecules (InsPs), the concentrations of which change
in response to Pi availability. Substitutions of critical binding surface residues impair InsP binding in vitro, inorganic polyphosphate
synthesis in yeast, and Pi transport in Arabidopsis. In plants, InsPs trigger the association of SPX proteins with transcription factors to
regulate Pi starvation responses. These findings suggest that InsPs communicate cytosolic Pi levels to SPX domains and enable them to
interact with a multitude of proteins to regulate Pi uptake, transport, and storage.
Keywords: phosphate metabolism; inositol pyrophosphates; SPX domain; transcriptional regulation; structural biology
Abstract #32. Chromatin regulation of heat stress memory (Submission 283)
1
Isabel Bäurle
1
Universität Potsdam, Germany
In nature, plants often encounter chronic or recurring stressful conditions. An increasing number of observations suggest that plants can
remember a past exposure to stress to be better prepared for a future stress incident. My lab studies heat stress memory in plants as a
model case for environmental stress memory. Seedlings acquire thermotolerance through a heat treatment at sublethal temperatures
(priming heat stress (HS)) that enables them to survive an otherwise lethal HS. This thermotolerance is actively maintained for several
days as indicated by the existence of mutants which are able to establish thermotolerance, but fail to maintain it. We have been
exploring the molecular basis of HS memory in Arabidopsis. We have found that HS induces sustained histone methylation at HS memoryrelated loci that outlasts the transcriptional activity of these loci and hence marks them as recently transcriptionally active (1). At some
loci, this is correlated with hyper-induction of gene expression upon a recurring HS, - a signature readout of transcriptional memory. In
addition, nucleosome remodeling controls sustained activity of memory genes. Sustained low nucleosome occupancy is mediated by the
highly conserved FORGETTER1 protein through direct interaction with chromatin remodeling proteins (2). In summary, the physiological
HS memory has a molecular equivalent in the transcriptional memory and changes in the chromatin structure at a subset of heatresponsive genes. (1) Lämke J, Brzezinka K, Altmann S, Bäurle I (2016). A hit-and-run heat shock factor governs sustained histone
methylation and transcriptional stress memory. EMBO J. 35, 162-175. (2) Brzezinka K, Altmann S, Czesnick H, Nicolas P, Górka M, Benke E,
Kabelitz T, Jähne F, Graf A, Kappel C, Bäurle I (2016). Arabidopsis FORGETTER1 mediates stress-induced chromatin memory through
nucleosome remodeling. eLife 5, e17061. doi: 10.7554/eLife.17061.
Keywords: heat stress; chromatin; priming
Abstract #33. Circadian Timing Mechanisms in Seasonal Flowering (Submission 302)
1
Takato Imaizumi
1
United States
Many organisms display various seasonal developmental changes throughout the year. To know the precise time of the season, they
measure changes in day length (=photoperiod) as a highly predictable environmental variant. Photoperiod information is processed
through an intricate network controlled by the circadian clock. In my lab, we are interested in elucidating the mechanisms by which
organisms measure seasonal change. We particularly study photoperiodic flowering time regulation in Arabidopsis. In my talk, I will
introduce two new attempts to understand the molecular mechanisms by which the circadian clock precisely times flowering. 1) In this
pathway, one of the crucial mechanisms is circadian clock regulated timing of CONSTANS (CO) transcription. We identified that TEOSINTE
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BRANCHED 1/CYCLOIDEA/PROLIFERATING CELL NUCLEAR ANTIGEN FACTOR 4 (TCP4) and related class II TCPs directly act as transcription
activators of CO. We also demonstrated that TCP4 physically interacts with another flowering regulator, GIGANTEA (GI), and induces CO
expression in a GI-dependent manner. 2) Even when photoperiods remain the same, higher light intensity induces earlier flowering,
however, the underlying mechanism for this had remained elusive. We found that the photoperiodic photoreceptor FLAVIN-BINDING,
KELCH REPEAT, F-BOX 1 (FKF1) protein modulates levels of photorespiration-derived hydrogen peroxide, which controls cell death and
alters flowering time in Arabidopsis. FKF1 interacts with CATALASE (CAT) proteins that break down hydrogen peroxide. Hydrogen
peroxide accumulates under long-day high-light conditions and acts as a signal to increase FLOWERING LOCUS T (FT) levels. Therefore,
plants integrate light intensity information captured through photosynthesis/photorespiration mechanisms into the day-length sensing
pathway. Taken together, plants use these mechanisms to precisely regulate flowering time.
Abstract #34. Breaking the silence: Making decisions in the world of uncertainty (Submission 268)
1
Keiko Torii
1
HHMI and University of Washington, United States
It has become evident that plants use a myriad of secreted peptides and small chemicals to coordinate their growth, development, and
response to environmental insults. These signals could work for long-distance, a shoot-to-root communication for physiological
adjustment, a short-distance paracrine manner, or an autocrine manner to coordinate developmental potential of plant tissue patterning.
Owing to the importance of plants for our environment and sustenance, new approaches are needed to further understand and
manipulate plant growth and development. To this end, we are forming a cross-disciplinary team of scientists, including synthetic organic
chemists, structural chemists, and plant biologists to develop artificial ligands and receptors to probe, understand, and manipulate plant
growth and development. I will describe our collaborative effort to move forward, and how our tools provides conclusive evidence for a
classic, unresolved question in plant signaling.
Keywords: receptor; hormone signaling; chemical biology; growth and development
Abstract #35. Dynamic regulation of cellular gibberellin distributions influencing plant growth patterning (Submission 270)
1
Alexander Jones , Rizza, Annalisa, Sainsbury Laboratory, Cambridge University, Walia, Ankit, Sainsbury Laboratory, Cambridge University,
Frommer, Wolf, Universität Düsseldorf
1
Sainsbury Laboratory Cambridge University, United Kingdom
The phytohormone gibberellin (GA) is a key regulator of plant growth and development. Although the upstream regulation and
downstream responses to GA vary across cells and tissues, developmental stages, and environmental conditions, the spatiotemporal
distribution of gibberellin in vivo remains unclear. We engineered an optogenetic biosensor, Gibberellin Perception Sensor 1 (GPS1), that
senses nanomolar levels of bioactive gibberellins (Kd = 24 nM for GA4). Arabidopsis thaliana plants expressing a nuclear localised GPS1
report on gibberellins at the cellular level. GA gradients were correlated with gradients of cell length in rapidly elongating roots and darkgrown hypocotyls. In roots, accumulation of exogenously applied GA also correlated with cell length, suggesting that a root GA gradient
can be established independently of GA biosynthesis. In hypocotyls, GA levels were reduced in a phytochrome interacting factor (PIF)
quadruple mutant in the dark and increased in a phytochrome double mutant in the light, indicating that PIFs elevate GA in the dark and
that phytochrome inhibition of PIFs could lower GA in the light. As GA signalling directs hypocotyl elongation largely through promoting
PIF activity, PIF promotion of GA accumulation represents a positive feedback loop within the molecular framework driving rapid
hypocotyl growth. Visualisation of in vivo GA gradients provides an important step towards understanding how GA integrates upstream
signalling inputs and directs downstream growth programming and development.
Keywords: Gibberellin Perception Sensor 1; cell growth; GA hormone; FRET biosensor; phytochrome interacting factor
Abstract #36. Live-cell imaging of the intracellular dynamics during zygote polarization (Submission 98)
1
Minako Ueda , Kimata, Yusuke, Nagoya University, Kurihara, Daisuke, Nagoya University, Higaki, Takumi, Tokyo University, Kawashima,
Tomokazu, University of Kentucky, Yamada, Tomomi, Nagoya University, Sato, Yoshikatsu, Nagoya University, Hasezawa, Seiichiro, Tokyo
University, Berger, Frederic, Gregor Mendel Institute, Higashiyama, Tetsuya, Nagoya University
1
Nagoya University, Japan
Axis formation is one of the fundamental events in plant embryogenesis. In Arabidopsis thaliana, the apical-basal body axis is initiated by
the asymmetric cell division of the polarized zygote. In spite of its importance, the real-time dynamics of the zygote polarization steps
was poorly understood, because the zygote develops deep in the flower. Therefore we established a live-cell imaging system that enables
us to observe the intracellular dynamics of the zygote through the ovule. By using this system, we visualized various structures, such as
cytoskeletons and organelles, in developing zygote. Based on these results, we would like to discuss the efficiency of this approach to
understand the developmental event from the cell biological aspect.
Keywords: live-cell imaging; zygote; embryo
Abstract #37. “Disease-climate-microbiome” triangles in the phyllosphere (Submission 263)
1
Sheng Yang He
1
Michigan State University, United States
One of the most significant challenges of the 21st century is to discover innovative ways of increasing global crop production to meet the
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demands for food from the growing human population. A major roadblock to global food sufficiency is persistent loss of staple crops to
pathogen infections. Greater efforts are needed to accelerate the buildup of a comprehensive knowledge base that explains how plant
diseases occur; how plants defend against microbial pathogens; and how dynamic climate conditions impact plants, microbes, and their
interactions. In 1960, RB Stevens (Plant Pathology, an Advanced Treatise. Vol. 3, Academic Press, New York) formulated the famous
“Disease Triangle” concept, proposing that plant disease outbreaks require not only a susceptible plant and a virulent pathogen, but also
conducive environmental conditions. For practical reasons, however, most contemporary investigations into plant-pathogen interactions
at the molecular level devote little effort to understanding why climatic conditions, such as humidity and temperature, have a profound
effect on pathogen virulence and host susceptibility. Moreover, these studies often ignore the potentially pervasive effect a plant’s
endogenous microbiome may have on basic plant health and host-pathogen interactions. In this talk, I will give an example of interplays
between disease, humidity and microbiota during Pseudomonas syringae infection of Arabidopsis thaliana leaves. Future studies of
plant-pathogen interactions should increasingly consider the multi-dimensional nature of “disease-environment-microbiome”
interactions that are more reflective of what occur in crop fields and natural ecosystems.
Keywords: Plant-pathogen Biotic stress Abiotic stress Microbiome Plant immunity

Abiotic Interactions:
Abstract #38. Two redox-sensitive bZIP transcription factors modulate the balance between stress tolerance and growth (Submission
46)
1
Yiji Xia , Li, Yimin, Hong Kong Baptist University, Liu, Wuzhen, Hong Kong Baptist University, Zhong, Huan, Hong Kong Baptist University,
Zhang, Hailei, Hong Kong Baptist University
1
Hong Kong Baptist University, Hong Kong
To adapt to adverse environments, it is vital for plants to re-establish homeostasis to balance growth and stress tolerance in accordance
with environmental conditions. A common theme of environmental stress signaling is the involvement of reactive oxygen species in the
relay of stress signals. Our redox proteomic analysis revealed that multiple group-G bZIP transcription factors, including bZIP16 and
bZIP68, undergo reversible oxidative modifications in Arabidopsis cells under oxidative stress. bZIP68 was found to be localized in the
nucleus under normal conditions, but under oxidative stress it undergoes nucleocytoplasmic shuttling which is dependent on its redoxsensitive cysteine. The knockout mutants of these bZIP genes do not cause a striking phenotypic difference under normal growth
conditions. However, they displayed growth defect under various abiotic stress conditions and had altered responses to exogenous ABA
and starvation. Our study suggests that these bZIP proteins are parts of a transcriptional regulatory circuit that consolidates signals from
different stress signaling pathways into a coordinated transcriptional reprogramming to balance growth and stress tolerance.
Keywords: redox signaling; bZIP16; bZIP68; stress response; growth
Abstract #39. Isolation of Arabidopsis mutants with abnormalities in stomatal response to humidity, light, or CO2 (Submission 52)
1
Keina Monda , Takahashi, Sho, Kyushu Univ., Negi, Juntaro, Kyushu Univ., Tohmori, Ryoma, Kyushu Univ., Mabuchi, Atsushi, Kyushu Univ.,
Kojima, Mikiko, RIKEN CSRS, Takebayashi, Yumiko, RIKEN CSRS, Sakakibara, Hitoshi, RIKEN CSRS, Iba, Koh, Kyushu Univ.
1
Kyushu University, Japan
Plants have developed the ability to adapt to optimize growth under various environmental conditions, for example, humidity, light, and
CO2 concentration. Plants sense changes in their natural environments, altering their development and physiology in response to these
changes. Guard cells play a key role in responding to environmental changes, regulating stomatal apertures by integrating environmental
signals and endogenous hormone stimuli. In this study, we explored genetic mutations in Arabidopsis thaliana related to the abscisic acid
(ABA)-independent signaling pathways in guard cells. First, we screened 108 mutants with abnormal stomatal responsiveness to CO2
concentrations and/or humidity from approximately 8,000 M2 plants using leaf thermal imaging techniques. Second, we selected twentytwo mutants from these, which exhibited sufficient ability in ABA synthesis and ABA response, in order to exclude mutants with ABA
signal transduction pathway abnormalities. The isolated mutants are categorized into three groups according to their phenotypes:
reduced stomatal response to (i) humidity, (ii) light, and (iii) CO2 concentrations. Here, we report the stomatal characteristics of the
isolated mutants in detail.
Keywords: guard cells
Abstract #40. The FERONIA receptor-like kinase maintains cell integrity during salt stress through Ca2+ signaling (Submission 55)
1
José Dinneny , Wei Feng, Alexis Peaucelle, Jörg Kudhla
1
Carnegie Institution for Science, Department of Plant Biology, United States
Growth places a cell in a precarious situation. During cell expansion, structural components that limit the size of the cell must be
weakened, while at the same time, homeostatic mechanisms must act to prevent a loss in cell integrity. How such mechanisms act at the
cellular and tissue scale during the growth of an organ is currently a challenging question, but one that is common to many multicellular
systems. Plant roots provide a powerful system for exploring the basis for growth control in a multicellular context due to the spatial
separation of cellular processes associated with growth along the longitudinal axis of the organ. As cells are displaced from the root tip,
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their growth is rapidly induced through organized cell wall loosening and water uptake. Roots exposed to high salt media exhibit a
temporary arrest in growth followed by acclimation and growth recovery. We have found that these changes in growth rate are tightly
associated with transient spikes in intracellular calcium that occur in individual cells within the growth zone. Suppression of calcium
influx leads to cell bursting suggesting that such transients are necessary to maintain cell integrity during recovery. We have recently
identified an essential role for the FERONIA receptor-like kinase in enabling plant cells to recover growth under high salinity. In feronia
mutants, cells in the growth zone of the root violently explode rather than undergoing controlled cell elongation. Past work has
demonstrated that FERONIA plays an essential role in mechano-signal transduction in roots and in maintenance of cell integrity. Our new
findings suggest that mechano-sensing is necessary during salt stress to detect damage to the wall induced by sodium ions. These
findings highlight a novel apoplastic toxicity of salt and open up new areas of investigation to understand how plants acclimate to
environmental stress.
Keywords: Salinity, root development, cell wall, abiotic stress, growth
Abstract #41. Mechanism of early light signaling by the carboxy-terminal output module of Arabidopsis phytochrome B (Submission
73)
1
YONGJIAN QIU , Pasoreck, Elise, Duke University, Reddy, Amit, Duke University, Nagatani, Akira, Kyoto University, Ma, Wenxiu, UC
Riverside, Chory, Joanne, The Salk Institute for Biological Studies, Chen, Meng, UC Riverside
1
University of California, Riverside, United States
Phytochromes are red and far-red photoreceptors that control all developmental transitions from seed germination to floral initiation.
The prototypical phytochrome is a homodimer; each monomer contains an N-terminal photosensory module and a C-terminal output
module, which includes a Histidine Kinase-Related Domain (HKRD) that exhibits high sequence similarity to bacterial histidine kinases.
However, while bacterial phytochromes are bona fide histidine kinase sensors that utilize their histidine kinase domain as signaling
output domain to relay phototransduction through autophosphorylation of an active-site histidine, plant phytochromes lack the
conserved active-site histidine and histidine kinase activity. It has been widely accepted that the HKRD is dispensable for phytochrome
signaling. Here, we provide evidence demonstrating that the HKRD plays an essential role in phytochrome B signaling in Arabidopsis
through its dimerization. A D1040V mutation, which disrupts the dimerization of HKRD abrogates the early light signaling events,
including phytochrome B nuclear accumulation, photobody biogenesis, and degradation of the antagonistically-acting light signaling
factor - Phytochrome-Interacting Factor 3 (PIF3). The dimer form of HKRD communicates with the PAS-repeat domain in the C-terminal
module of phytochrome B to promote the activity of phytochrome B in nuclear accumulation, photobody localization, as well as
interaction with PIF3. Together, this study unravels a new mechanism for phytochrome signaling that despite lacking histidine kinase
activity, plant phytochromes utilize the HKRD as signaling output module in mediating early light signaling events of phytochrome
subnuclear localization and PIF3 degradation.
Keywords: phytochromes; phytochrome-interacting factors; light signaling; seedling development; photobody
Abstract #42. New Insights into Crosstalk between Copper Homeostasis and Jasmonic Acid Biosynthesis and Its Role in Reproduction of
A. thaliana (Submission 83)
1
Jiapei Yan , Chia, Ju-Chen, Cornell, Sheng, Huajin, Cornell, Zavodna, Tetiana-Olena, Cornell, Huang, Rong, Cornell, Woll, Arthur, Cornell,
Jiao, Chen, Boyce Thompson Institute for Plant Research, Fei, Zhangjun, Boyce Thompson Institute for Plant Research, Kochian, Leon,
USDA-ARS, Vatamaniuk, Olena, Cornell
1
Cornell University, United States
Global food security urges the development of high-yielding crops and the utilization of marginal lands for agricultural purposes.
Deficiency for a micronutrient copper that develops in alkaline soils and organic soils, causes up to 20% of crop yield reduction. It has
been known for decades that in addition to the stunted growth and chlorosis of leaves, copper starvation reduces plant fertility and
seed/grain set. However, our knowledge of the underlying molecular determinants that link copper with plant reproduction, is
surprisingly limited. Using RNA-seq-based analyses of the response of the Arabidopsis thaliana flower transcriptome to copper deficiency,
we identified a novel copper-responsive transcription factor, CIT1. Functional genetic studies showed that CIT1 is required for growth and
development of A. thaliana under copper limited conditions and that CIT1 functions in a complex interacting pathway with a master
regulator of copper homeostasis, SPL7. We also found that CIT1 and SPL7 co-regulate the expression of the high-affinity root copper
uptake system and thus, the loss of the CIT1-SPL7 pathway leads to seedling lethality. Supplementation of the growth medium with
copper rescued the seedling lethality of the cit1 spl7 double mutant but the mutant remained male-infertile. Using synchrotron x-ray
fluorescent microscopy, we showed that copper localizes mainly to anthers, the sites of pollen development, and that copper delivery to
anthers requires CIT1 and SPL7. Further, our data suggested interactions between copper homeostasis and the synthesis of jasmonic acid
(JA), a plant signaling molecule that is increasingly recognized for its role in plant fertility. Specifically, we found that copper deficiency
stimulated JA synthesis and that the SPL7-CIT1 pathway was required for JA production. Further, male-infertile, JA-deficient A. thaliana
mutant lacking CIT1 and SPL7 downstream targets LOX3 and LOX4 was more sensitive to copper deficiency and accumulated less copper
in anthers. The relationship between CIT1-SPL7-mediated copper homeostasis and JA metabolic pathway as pertains to plant fertility will
be discussed.

13

Keywords: Copper homeostasis; Jasmonic acid biosynthesis; Plant fertility; Pollen sterility; Transcriptional regulation
Abstract #43. Mutational Analysis of Arabidopsis CAMTA3 Activity in response to Low Temperature and Pathogen Infection
(Submission 102)
1
Yong Sig Kim , Chuanfu An, Sunchung Park, Sarah J. Gilmour, Ling Wang, Michael F. Thomashow
1
Texas Tech University, United States
Plants are being constantly challenged with various environment factors such as abiotic and biotic stresses. In response to various stimuli,
plants have developed calcium signaling networks for decoding and relaying signals. Previous studies have demonstrated that Arabidopsis
has functionally redundant Calmodulin-binding Transcription Activator (CAMTA) 1, 2, and 3 genes involved in regulating salicylic acid
production at warm temperature as well as under long-term cold conditions. To understand how Arabidopsis CAMTAs mediate signals in
response to long-term cold conditions and pathogen attack, we generated mutants of CAMTA3, which were analyzed in the camta2
camta3 double mutant background. It was reconfirmed that a mutation in the calmodulin binding domain (CAMTA3K907E) abolished the
activity of CAMTA3, and that a semi-dominant mutation in the IQ domain (CAMTA3A855V) did not affect activity of CAMTA3.
Interestingly, CAMTA3A855V overrode the effect of CAMTA3K907E in a CAMTA3A855V/K907E double mutation. In addition, the
phosphorylation status on the 454th and 964th serine residues affected the CAMTA3 activity at warm temperature. A truncated version
(CAMTA3-334) containing only the DNA-binding and transcription domains showed dominant suppressive activity on SA-related gene
expression under long-term cold conditions. Western blot analyses showed that stability of the CAMTA3 protein was not involved in
regulation of CAMTA3 activity under cold conditions. CAMTA3A855V, CAMTA3A855V/K907E, and CAMTA3-334 showed increased
susceptibility to pathogen attack and reduced pathogen-induced gene expression at both warm and cold temperatures. These results
suggest that the N-terminus of CAMTA3 containing DNA-binding and transcription activation domains are a critical part of its activity, and
that the remainder of the protein may be involved in regulation of CAMTA3 activity via interaction with other proteins or modification of
phosphorylation status.
Keywords: Cold temperature; CAMTA3; Mutational analysis; Plant defense; Functional domain
Abstract #44. Uncovering the cis-regulatory code of plant response to combined abiotic stress using multi-dimensional data
integration and machine learning (Submission 108)
1
Christina Azodi , Uygun, Sahra, Michigan State University, O'Malley, Ronan, DOE Joint Genome Institute, Shiu, Shin-Han, Michigan State
University,
1
Michigan State University, United States
Plants acclimate to an environmental stress using highly tailored response pathways. When multiple stresses occur at once, acclimation
may require conflicting or entirely different responses compared to the responses to each stress alone. Previous work has shown that
conflicting and novel responses are common, with >60% of genes responding to combined stress antagonistically or synergistically
compared to their response to the stresses individually. While multiple combined stress studies have observed these non-additive
responses, the regulatory bases for these responses are still largely unknown. In this study, we identified 197 putative cis-regulatory
elements (pCREs) associated with antagonistic and synergistic responses to combined drought and heat stress in Arabidopsis thaliana.
These pCREs perform better at predicting a gene’s response pattern than not only random expectation, but also known transcription
factor (TF) binding motifs and sites. To identify which of these pCREs are most likely to be involved in regulation, additional criteria such
as chromatin accessibility, histone marks, sequence conservation, and location and distribution in the promoter were considered. Using
these criteria, we pared down our list to 31 high confidence pCREs. Of these, 48% share significant sequence similarity with known TF
binding motifs, including TFs from the bZIP, HSF, and bHLH TF families. The remaining 52% could represent novel TF binding motifs. A
subset of these high confidence pCREs is being experimentally verified. These results support the hypothesis that combinations of
stresses elicit regulatory mechanisms not induced by the stresses individually. This contribution to our understanding of how plants
regulate their response to more complex environmental stresses is an important step as we work toward improving crop resilience in the
face of a changing climate.
Keywords: abiotic stress; combined stress; transcriptional regulation; machine learning, bioinformatics
Abstract #45. Novel Epigenetic and Antisense RNA Regulation in Plant Abiotic Stress Adaptation (Submission 127)
1
Motoaki Seki , Jong-Myong Kim, Akihiro Matsui, Kaori Sako, Minoru Ueda, Khurram Bashir, Sultana Rasheed, Junko Ishida, Maho Tanaka,
Taiko Kim To, Alessandra Devoto
1
RIKEN CSRS, Japan
Plants respond and adapt to drought, heat, cold and high-salinity stresses in order to survive. Many abiotic stress-regulated genes have
been identified by genetic and transcriptome analysis, and its function in the stress responses has been elucidated. However, we think
that novel mechanisms involving epigenetic and RNA regulation have additional functions. Recently, we found that the following novel
regulation mechanisms function in plant abiotic stress adaptation. 1) Arabidopsis Histone Deacetylase 6 (HDA6) is a master regulator of
novel drought stress response network. HDA6 regulates conversion of central metabolic pathway from glycolysis to acetic acid
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biosynthesis under water deficit condition. Furthermore, acetic acid pretreatment enhances plant drought tolerance. 2) Treatment with
histone deacetylase (HDAC) inhibitors, such as Ky-2 and SAHA, enhances high-salinity stress tolerance. 3) Abiotic stress-responsive noncoding antisense RNAs are synthesized from sense transcripts of protein-coding genes without the involvement of known siRNA
biosynthesis by RNA-dependent RNA polymerases (RDRs) and function in drought stress adaptation. In this meeting, I will present our
recent findings in the abiotic stress adaptation.
Keywords: Abiotic Stress, Epigenetic Regulation, Non-coding RNA
Abstract #46. Oligopeptide transporter 3, OPT3, is required for copper homeostasis in Arabidopsis thaliana (Submission 128)
1
Ju-Chen Chia , Jiapei Yan, Chen Jiao, Zhangjun Fei, Miguel Piñeros, Leon V. Kochian, Olena K. Vatamaniuk
1
Cornell University, United States
Copper (Cu) is an essential element for plant growth and development but is toxic when accumulated in cells in access. Thus, plants
developed sophisticated mechanisms to regulate cellular Cu acquisition and source-to-sink delivery to avoid deficiency and prevent
toxicity. It is known that Cu acquisition into root epidermal cells is mediated by high-affinity Cu transport systems including Cu
transporters COPT1, COPT2, and cupric reductases FRO4 and FRO5. However, transport systems responsible for the phloem-based Cu
delivery to sink tissues remain poorly understood. Here, we show that phloem-localized Arabidopsis thaliana iron (Fe) transporter, OPT3,
recognized for its role in source-to-sink Fe delivery and shoot-to-root communication of Fe status, also contributes to Cu transport.
Specifically, we found that OPT3 transported Cu ions in Xenopus laevis oocytes, suggesting that in addition to Fe, OPT3 might be also
involved in source-to-sink Cu delivery. Consistent with this suggestion was finding that young leaves of the opt3-3 mutant contained 80%
less Cu than young leaves of wild type plants, while Cu concentration in mature leaves of the opt3-3 mutant was similar to that of mature
leaves of wild type. In addition, RNA-seq analyses revealed that young leaves (sinks) of the opt3-3 mutants manifested the molecular
symptoms of Cu deficiency including the upregulation of the expression of genes involved in cellular Cu acquisition and the
downregulation of the expression of Cu binding proteins involved in the metabolic re-utilization of cellular copper reserves. Finally, we
found that the opt3-3 mutant was more sensitive to Cu deficiency than wild type plants re-informing the role of OPT3 in Cu homeostasis
in A. thaliana. Together, our data assign a novel function to OPT3 in source-to-sinks delivery of Cu. The role of OPT3 in crosstalk between
Fe and Cu homeostasis in A. thaliana will be also discussed.
Keywords: copper homeostasis, iron homeostasis, oligopeptide transporter, source-to-sink transport
Abstract #47. Trehalose-6-phosphate phosphatase I harbors a novel peroxisomal signal and is implicated in abiotic stress and
development (Submission 133)
1
Amr R.A. kataya , Elshobaky, Ahmed, Schei, Edit, Lillo, Cathrine
1
University of Stavanger, Norway
Detection of low-abundant proteins and inducible peroxisomal proteins crucially depending on the advancement of bioinformatical
prediction methods. Using available prediction tools and conservation studies, a putative non-canonical peroxisomal targeting signal type
1 (PTS1) Pro-Arg-Met> was identified in the extreme C-terminus of trehalose-6-phosphate phosphatase (TPP) I. TPP catalyzes the final
step of trehalose mechanism that was not associated with peroxisomes before. Here we show experimentally that the TPPI C-terminal
domain ending with Pro-Arg-Met> can indeed function as a PTS1. Upon transient expression in two plant expression systems, the free C
and N-terminal end led to the full-length TPPI targeting to peroxisomes and chloroplasts, respectively. Moreover, nucleus and nucleolus
targeting of the full-length TPPI was observed in both cases. The homozygous T-DNA insertion line of TPPI was isolated and the plants
showed several phenotypes as changes in leaf anatomy, shorter root, delayed flowering, hypersensitivity to salt, and a sucrose
dependent development. Our results identify a novel PTS1s and TPPI as a protein multi-targeted to peroxisomes, chloroplasts, nucleus,
and nucleolus. All of which indicate a role for TPPs in peroxisomes, plant development, abiotic stress and reproduction.
Keywords: Arabidopsis thaliana, Peroxisomes, Abiotic stress, Signal transduction
Abstract #48. GIGANTEA and ZEITLUPE interactions underlie a molecular basis for temperature compensation in the circadian clock
(Submission 137)
1
David Somers , Kim, Taesung, Ohio State University
1
Ohio State University, United States
Temperature compensation is a property of circadian systems that helps organisms maintain similar free-running periods over a wide
range of physiologically tolerable ambient temperatures. This is presumed to confer an adaptive advantage by sustaining appropriate
circadian phasing of key physiological and metabolic processes at different temperatures. The mechanism(s) of temperature
compensation are unknown and are likely multifactorial. Mutations in certain known clock-associated genes can manifest as severe
disruptions in temperature compensation of period. Previous QTL studies of the natural variation in temperature compensation
mechanisms in Arabidopsis have implicated roles for GIGANTEA (GI) and ZEITLUPE (ZTL). Our current work supports these findings and
identifies a molecular basis for understanding how the Cape Verde Islands (Cvi) Arabidopsis ecotype maintains strong temperature
compensation at higher temperatures. Using introgressed near isogenic lines (NILs) we show that the GI Cvi allele (GI (Cvi) ) confers a
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significantly shorter circadian period at all temperatures, relative to the Landsberg erecta (Ler) allele, regardless of the ZTL background.
However, the GI(Cvi) ZTL(Cvi) allelic pairing exhibits the most stable period at all temperatures. Differences in period between NILs can
partly be attributed to different levels of ZTL protein levels, which correlate with differences in GI-ZTL interactability among the different
allelic combinations of GI (Col/Ler, Cvi) and ZTL (Col/Ler, Cvi). Further inspection and testing identified a LRR-like motif in GI that
facilitates ZTL interaction and affects nuclear localization. Examination of ZTL and GI sequences in numerous Arabidopsis accessions
reveals that the specific GI(Cvi) and ZTL(Cvi) alleles are only found paired in the Cvi ecotype. Taken together, the findings suggest that
epistatic selection may have occurred at this location to strongly enhance the temperature compensation response in this environment.
Keywords: circadian clock; epistatic selection; GIGANTEA; ZEITLUPE; temperature compensation
Abstract #49. Transcriptional regulation of nitrogen metabolism (Submission 140)
1
Siobhan Brady , Allison Gaudinier, Lifang Zhang, Christophe Liseron-Monfils, Joel Rodriguez-Medina, Anne-Maarit Bagman, Andrew Olsen,
Doreen Ware, Mary Frank, Bo Shen
1
UC Davis, United States
Regulation of plant development requires intricate communication with both primary and specialized metabolism in order to fuel
growth. While transcriptional regulation of metabolism is evident from myriad whole genome-expression analyses, our understanding of
which transcriptional regulators are responsible for these changes as well as their underlying mode of action is unclear. I will highlight
our efforts on systematic mapping of transcriptional regulators of nitrogen metabolism. Network analyses incorporating protein-DNA
interaction data, gene expression and connectivity were used to identify critical regulators, most of which were shown to
regulate root growth and development in response to changes in available nitrogen in planta. Finally, these analyses have shed light on
modularity within these pathways and global perspectives on this additional mode of plant metabolic regulation.
Keywords: nitrogen, transcriptional network, systems biology, gene regulation
Abstract #50. Roles of the NUCLEAR FACTOR Y (NF-Y) as positive regulators of light-mediated development (Submission 148)
1
Zachary Myers , Kumimoto, Roderick, UC Davis, Siriwardana, Chamindika, University of Oklahoma, Holt, Ben F. III, University of Oklahoma
1
University of Oklahoma, United States
Plants integrate light signals to coordinate many developmental and physiological processes throughout their life cycle. Light is perceived
by a relatively small group of photo-receptive proteins which stabilize photomorphogenic transcription factors and elicit vast changes in
gene expression. We previously identified three NUCLEAR FACTOR-YC (NF-YC) proteins that function redundantly to control
photoperiodic flowering. In this study, we demonstrate that those same NF-YC proteins are also necessary for photomorphogenic growth,
and loss of select NF-YCs results in an inability to inhibit hypocotyl elongation in response to light. This mutant is also able to partially
suppress the short hypocotyl phenotype of constitutive photomorphogenic 1 (cop1), an E3 ubiquitin ligase that negatively regulates light
signaling by facilitating the degradation of positive regulators, suggesting that the NF-YCs are functioning as positive regulators of
photomorphogenesis. In order to better understand this NF-Y mediated signal transduction pathway, we generated crosses between nfyc and elongated hypocotyl 5 (hy5) mutants. These mutants were less able to inhibit hypocotyl elongation than either parental mutant,
suggesting that these select NF-YCs function independent of HY5, a well-described regulator of photomorphogenesis. We are now in the
process of extending this approach to include other well-described light signaling components in order to more fully understand whether
the NF-Y constitute a novel branch of light signaling. Adding another layer of complexity, the NF-Y function as heterotrimeric transcription
factor complexes, and as such, altering the abundance of an individual subunit directly impacts the potential NF-Y complexes that can
form. With this in mind, we have also begun exploring post-translational regulation of the NF-YA family, which imparts sequence
specificity to the NF-Y complex, to better understand the mechanistic function of NF-Y in light-mediated development.
Keywords: photomorphogenesis; light signaling; genetic regulation of development
Abstract #51. Salt stress induces variance in the RNA structurome of Arabidopsis thaliana. (Submission 150)
1
David Tack , Tang, Yin, Penn State., Su, Zhao, Penn State., Yu, Yunqing, Penn State., Bevilacqua, Philip, Penn State., Assmann, Sarah, Penn
State.
1
The Pennsylvania State University, United States
Osmotic regulation is of critical importance for plants, from both an agronomic and an evolutionary perspective. When subjected to salt
stress, plant cells become osmotically buffered against this desiccating environment via the production of several metabolites, notably
proline. However, proline and other metabolites are known denaturants of RNA. The outcome of introducing these osmotica on RNA
structure has not been studied on a genome-wide scale. Structure-seq is an innovative and efficient method to resolve the in vivo RNAstructurome. Using Structure-seq on both unstressed and salt stressed Arabidopsis plants, we surveyed both shoot and root tissue for
changes in the RNA-structurome between conditions. We find that salt stress does not invoke major directional changes to the
structurome in either tissue, with root tissue showing a slightly stronger shift towards less overall secondary structure. However, salt
stress introduces a significant amount of variance to the RNA-structurome in both tissues. Under salt treatment, the transcriptome shows
increased variability and unevenness in the amount and the distribution of transcript secondary structure, both within individual
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transcripts and among different transcripts. Several groups of genes directly implicated in the salt response exhibit large changes in
mRNA structure between control and salt conditions, highlighting prospects to further understanding their regulation. Many other
transcripts, not currently defined as part of the salt response, also undergo pronounced changes in their structure under salt stress,
suggesting they may play as of yet unidentified roles in the salt stress response.
Keywords: Salt stress;Structure-seq;RNA Structure; DMS Reactivity;Abiotic Stress
Abstract #52. CRF2 modulates cytokinin levels in response to salt stress (Submission 163)
1
Erika Keshishian , Plačková, Lenka, Palacky University and Institute of Experimental Botany, Novak, Ondrej, Palacky University and
Institute of Experimental Botany, Rashotte, Aaron M, Auburn University
1
Auburn University, United States
Cytokinin is a plant hormone known to be involved in growth and development, regulating such processes as response to light,
maintenance of apical dominance, and onset of senescence. A sub-family of the AP2/ERF transcription factors called Cytokinin Response
Factors (CRFs) has been shown to be a side branch of the cytokinin signaling pathway and is conserved across plants. In addition to
playing a role in the canonical cytokinin processes, CRFs are linked to several different abiotic stress responses. One sub-group or clade of
CRFs are CRF1 and CRF2, which were originally linked only to cytokinin response, but we have also shown are regulated in the presence of
high salt (NaCl) and osmotic stress conditions. Although many cytokinin signaling pathway genes including the CRFs are functionally
redundant, we find differences in stress responsiveness between CRF1 and CRF2. When cytokinin levels were measured in crf1, crf2, and
WT plants exposed to a control buffer, little to no significant differences were seen. However, after a salt stress treatment (150mM NaCl)
cytokinin levels increased for crf1 in a manner similar to WT. Intriguingly for crf2 cytokinin levels follow a very different pattern of change
and are largely reduced. An examination of transcript levels, via RNAseq conducted in parallel with cytokinin measurements revealed that
genes involved in cytokinin biosynthesis are altered in response to salt stress and importantly that CRF2 has a role in converting cytokinin
to several of its inactive conjugated forms.
Keywords: abiotic stress, salt (NaCl), cytokinin, Cytokinin Response Factors (CRFs)
Abstract #53. Transcriptome-metabolome co-analysis reveals temperature- and air humidity-related heat components and novel
networks in drought-heat scenarios (Submission 167)
1
Anton R. Schaeffner , Zhao, Jin, Helmholtz Zentrum Muenchen, Lange, Birgit, Helmholtz Zentrum Muenchen, Jin, Ming, Helmholtz
Zentrum Muenchen, Kanawati, Basem, Helmholtz Zentrum Muenchen, Schmitt-Kopplin, Philippe, Helmholtz Zentrum Muenchen, Albert,
Andreas, Helmholtz Zentrum Muenchen, Winkler, J. Barbro, Helmholtz Zentrum Muenchen, Georgii, Elisabeth, Helmholtz Zentrum
Muenchen
1
Helmholtz Zentrum Muenchen, Germany
Elevated temperature and reduced water availability are frequently linked abiotic stresses that may provoke distinct as well as interacting
molecular responses. This study aimed at a data-driven elucidation of relationships between drought (seven days without watering) and
heat (33°C for 6 h) scenarios based on non-targeted metabolomic and transcriptomic datasets from Arabidopsis rosettes. We first
decomposed the response to a combined stress scenario relative to single stresses. Additive combinations of independent drought and
heat effects could be distinguished from responses indicating interaction effects where the regulation in combined stress significantly
deviated from the additive level. E.g., the interaction effects include enhanced gene expression related to protein folding and growth
inhibition. Applying heat stress with and without supplemented air humidity allowed separating temperature- and air humidity-related
components of a heat scenario. The “dry air” component of heat specifically comprises JA- and ABA-related responses to water
deprivation previously associated with “heat” stress. Remarkably, the "dry air” effect seems to be the primary trigger of the metabolomic
response to heat, whereas the transcriptomic response is dominated by the temperature component. Canonical correlation analysis and
network mining of transcriptomic and metabolomic changes across all stress experiments predicted novel, highly correlated
metabolite/gene networks. These networks include e.g. complementary cell wall invertases and invertase inhibitor relationships or novel
stress-related metabolic features. Hypotheses based on these results will assist mechanistic studies on the relationship between
transcripts and metabolites, the annotation of previously uncharacterized features and the analysis of putative, new drought and heat
stress-related pathways.
Keywords: systems biology, heat-drought interaction, stress decomposition, air humidity effect, data-driven hypotheses
Abstract #54. Ectopic expression of psNTP9, an apyrase gene from Pisum sativum improves root system architecture and imparts
drought tolerance in transgenic Arabidopsis (Submission 168)
1
Roopadarshini Veerappa , Greg Clark, University of Texas, Austin, Stanley Roux, University of Texas, Austin
1
University of Texas at Austin, United States
Apyrase enzymes belong to a conserved family of nucleoside triphosphate-diphosphohydrolases (NTPDases) that can remove the
terminal phosphate from NTPs and NDPs, but not from nucleotide monophosphates. They control diverse functions in cells, including
protein glycosylation in the Golgi of yeast, and the hydrolysis of the extracellular nucleotides that activate purinoceptors, which is a key
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regulatory function on the plasma membranes of animals and plants. A pea apyrase, psNTP9, purified from nuclei of peas, was among the
first structurally characterized apyrases in plants. Ectopic expression of psNTP9 in Arabidopsis improved its root system architecture,
including primary root length, lateral root length, lateral root density, root hair length, and root hair density. These results led us to
examine whether psNTP9-overexpressing Arabidopsis plants also had improved drought tolerance at both seedling and mature plant
stages. The transgenic plants were remarkably less affected by water-deficit conditions, with less wilting, and a higher biomass and seed
yield than the wild-type control plants. They also had improved root growth under osmotic stress conditions in the initial stages of
seedling development. These results suggest a function of psNTP9 in improving plants’ root system architecture under both control and
osmotic stress conditions, and, perhaps as a result, also drought tolerance in Arabidopsis. These novel results highlight the potential of
psNTP9 in the development of crops that are resistant to drought stress, one of the most important environmental constraints limiting
plant growth and agricultural productivity. Supported by grants from NSF and Texas Crop Science to SJR and GC.
Keywords: Apyrase, root system architecture, osmotic tolerance, drought tolerance,
Abstract #55. The reds and the blues of the shade avoidance response (Submission 171)
1
Ullas Pedmale , Lindbäck, Louise , Cold Spring Harbor Laboratory, NY 11724., Schwartz, Kacey, Cold Spring Harbor Laboratory, NY 11724.,
O’Neill, Kathryn, Cold Spring Harbor Laboratory, NY 11724.
1
Cold Spring Harbor Laboratory, United States
Plants adjust their body plan in response to ambient environmental conditions. Light is among the most relevant environmental signals
because light not only drives photosynthesis but also provides critical information about the local growth environment as well as diurnal
and seasonal time. Light is perceived by a complex array of photoreceptors, defined by the color of light they absorb. These include the
red/far-red-absorbing phytochromes (phyA-E), the blue/UV-A-absorbing cryptochromes (CRY1-2), phototropins (phot1-2), and ZTL-family,
and a UV-B-absorbing receptor. Plants have developed various adaptive responses in interpreting and utilize light directionality, quantity,
and quality. One such adaptive response is the ability of sun-loving plants to sense and avoid vegetational shading by nearby plants. In
vegetational or canopy shading, plants perceive a decrease in the ratio of red to far-red light (R: FR), and there is also a reduction in blue
light and the available photosynthetically active radiation (PAR). CRYs control the phenotypic plasticity of plants in response to changes
in blue light. Despite their importance, very little is known about the mechanisms by which CRYs affect growth programs. We present
data to show that when plants are deprived of blue light under a shaded canopy, CRY1/2 perceive this change and respond by directly
contacting two bHLH transcription factors, PIF4 and PIF5. Shade avoidance responses lead to contrasting growth responses in different
organs of the plant; for example, the stem and petiole elongate at the expense of other structures so that the plant can capture more
light than its neighbors. However, the molecular mechanisms underlying this contrasting response is not well understood. Here we will
describe the molecular basis of how different organs and tissues respond to the same shade stimuli during this important adaptive
response which is of significant agricultural importance.
Keywords: photobiology; shade avoidance; plant-environment interactions; phytochrome; cryptochrome;
Abstract #56. Molecular mechanism of thermotolerance caused by a mutation in an mTERF (mitochondrial Transcription tERmination
Factor) protein (Submission 176)
1
Minsoo Kim , Schulz, Vincent, Humboldt University of Berlin, Kühn, Kristina, Humboldt University of Berlin, Vierling, Elizabeth, UMass
Amherst
1
UMass Amherst, United States
Mitochondria play critical roles not only in primary metabolism as a central organelle for ATP generation, but also in sensing biotic/abiotic
stresses and relaying information to the nucleus for an effective response. Maintaining mitochondrial homeostasis requires many
nucleus-encoded proteins, which include factors that regulate the expression of mitochondrial-encoded proteins such as the PPR
(Pentatricopeptide Repeat) and mTERF (mitochondrial Transcription tERmination Factor) families of proteins. The founding member of
the mTERF family, human mTERF1, binds specific sites in the mitochondrial genome and regulates transcription termination and
initiation. Studies of other mTERF proteins reveal that mTERF motifs are also involved in binding to specific organellar RNAs. Unlike
animals, that have a limited number of mTERFs (four in humans), plants have undergone a dramatic expansion of the family during
evolution, with 35 members in Arabidopsis, most of which are targeted to plastids and/or mitochondria. We previously identified a
mutation in the Arabidopsis MTERF18/SHOT1 (Suppressor of hot1-4 1) gene in a screen for a suppressor of a heat sensitive mutant, a
dominant-negative allele of chaperone HSP101 (hot1-4). Although shot1 mutants survive better under heat stress, presumably due to
reduced oxidative damage, the exact molecular mechanism of thermotolerance has not been revealed. shot1 mutations cause an overall
increase in mitochondria-encoded transcripts and translation rate, which is likely a compensatory response to overcome reduced
oxidative phosphorylation (OXPHOS). Proteomics analysis of shot1-2 compared to wild type detected 22 mitochondrial-encoded proteins.
Among them, proteins involved in OXPHOS were decreased, while ribosomal proteins were increased in shot1-2. We also identified
SHOT1-interacting proteins by immunoprecipitation followed by mass spectrometry. Finding the direct targets of SHOT1 will help
elucidate mTERF function and the role of mitochondria in regulating oxidative stress and the thermotolerance mechanism.
Keywords: Heat Stress; Mitochondria; MTERF; Oxidative Stress
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Abstract #57. Global gene expression analysis using RNA-seq uncovered a new role for SR1/CAMTA3 transcription factor in salt stress
(Submission 182)
1
Amira Abdel-Hameed , Kasavajhala, Prasad, Colorado State University, Xing, Denghui, Colorado State University, Reddy, Anireddy,
Colorado State University
1
Colorado State University, United States
Abiotic and biotic stresses cause significant yield losses in all crops. Acquisition of stress tolerance in plants requires rapid reprogramming
of gene expression. SR1/CAMTA3, a member of signal responsive transcription factors (TFs), functions both as a positive and a negative
regulator of biotic stress responses and as a positive regulator of cold stress-induced gene expression. Using high throughput RNA-seq,
we identified ~3000 SR1-regulated genes. Promoters of about 60% of the differentially expressed genes have a known DNA binding site
for SR1, suggesting that they are likely direct targets. Gene ontology analysis of SR1-regulated genes confirmed previously known
functions of SR1 and uncovered a potential role for this TF in salt stress. Our results showed that SR1 mutant is more tolerant to salt
stress than the wild type and complemented line. Improved tolerance of sr1 seedlings to salt is accompanied with the induction of saltresponsive genes. Furthermore, ChIP-PCR results showed that SR1 binds to promoters of several salt-responsive genes. These results
suggest that SR1 acts as a negative regulator of salt tolerance by directly repressing the expression of salt-responsive genes. Overall, this
study identified SR1-regulated genes globally and uncovered a previously uncharacterized role for SR1 in salt stress response.
Keywords: Abiotic Stress; Salt Stress; RNA-Seq; CAMTA; Transcription Factors
Abstract #58. Identification and characterization of water sensing mechanisms in plants (Submission 184)
1
Tamara Vellosillo , Vilarrasa-Blasi, Josep, Carnegie Institution for Science, Guzman, Michael, Carnegie Institution for Science, Osaki, Jackie,
Carnegie Institution for Science, Dinneny, José, Carnegie Institution for Science
1
Carnegie Institution for Science, United States
Water sensing and homeostasis is necessary for survival of all organisms. While osmo-sensing pathways have been defined in bacteria,
yeast and animals, how plants perceive water and orchestrate adaptive responses remains largely unknown. The increasing need to
provide sustainable food sources to a growing world population, combined with climate change, puts water availability and management
at center stage as an important area for research. In order to uncover the sensing mechanisms and identify key regulators of osmosignaling, we performed a genetic screening for osmo-sensitive mutants using a genome-wide indexed mutant library in Chlamydomonas
reinhardtii, a unicellular alga which provides a simplified system avoiding complex interactions associated with multicellularity. We have
identified a large number of mutants using different osmotic regimes and are generating transcriptomic and proteomic data sets of the
osmotic stress response to develop a systems-level understanding of the process. The OSCA1-like and MSL3-like genes, which were
previously shown in Arabidopsis to function in the osmo-sensory pathway, have significant defects in growth under hyperosmotic stress
when mutated in Chlamydomonas revealing broad conservation for these pathways in green plants. Orthologous genes of novel
components of the osmo-sensory pathway are currently being characterized in Chlamydomonas and in Arabidopsis to decipher the water
sensing mechanisms in plants.
Keywords: Osmo-sensing pathway; Chlamydomonas reinhardtii; mutant screening; hyper osmotic stress; conservation in green plants
Abstract #59. Walking the dog(ma) in low oxygen: From DNA to RNA to protein synthesis in response to and recovery from hypoxia
(Submission 191)
1
Travis Lee , Glenn, Weslee, California Institute of Technology, Tirrell, David, California Institute of Technology, Bailey-Serres, Julia, UC
Riverside
1
University of California, Riverside, United States
A hallmark of plant plasticity is the ability to regulate and alter metabolism and development in response to external stimuli. The cellular
transcriptome, assayed by polyA+ mRNA-sequencing, provides information about gene regulatory dynamics, though notably steady-state
mRNA levels reflect the balance of nascent synthesis and degradation. Classical studies published 40 years ago by Goldberg and others
recognized that nuclear RNA populations are more complex than polysomal polyA+ mRNA populations, suggesting that not all nascent
transcripts are processed into mature mRNA, exported to the cytoplasm, and engaged in translation. Further, protein synthesis can be
inferred by tracking ribosome-associated mRNAs, whereas the more recent technology biorthogonal noncanonical amino acid tagging
(BONCAT) enables the direct global monitoring of de novo protein synthesis. Here, transcriptional and nuclear transcript dynamics, as
well as nascent protein synthesis were monitored in seedlings differing in cellular oxygen availability: control (non-stressed), low oxygen
(hypoxia)-stressed, and stress-recovered. Gene activity was assayed at the DNA level through a genome-wide survey of open chromatin
regions by Assay for Transposase Accessible Chromatin-sequencing (ATAC-seq). Additionally, transcriptional elongation, nuclear RNA
abundance, and nascent protein synthesis were surveyed by ChIP-seq of Carboxy Terminal Domain Serine-2 phosphorylated RNA
Polymerase II (RNAPII-Ser2P), nuclear RNA-seq using isolation of nuclei tagged in specific cell types (INTACT), and BONCAT, respectively.
These readouts were compared to polyA+ and polysomal mRNA-seq data. We found that hypoxia and reoxygenation rapidly modulate
RNAPII-Ser2P presence along gene bodies, nuclear pre-RNA levels, and the nascent proteome. Moreover, RNAPII elongation and nascent
RNA synthesis precede elevation of some stress-associated mRNAs, indicating multiple scales of regulation relevant to plant acclimation
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responses.
Keywords: hypoxia; ATAC-seq; ChIP-seq; nuclear RNA-seq; BONCAT
Abstract #60. Release of RopGEF-ROP Mediated Down-Regulation of Abscisic Acid Signal Transduction through ABA-Induced Rapid
Degradation of RopGEFs (Submission 217)
1
Zixing Li , Waadt, Rainer UC San Diego, Schroeder, Julian UC San Diego
1
University of California San Diego, United States
The phytohormone abscisic acid (ABA) is critical to plant development, drought stress and drought avoidance responses. Abiotic water
stress triggers an ABA signal transduction cascade, which is comprised of the core components PYL/RCAR ABA receptors, PP2C-type
protein phosphatases, and protein kinases. Small GTPases of the ROP/RAC family act as negative regulators of ABA signal transduction.
However, the mechanisms by which ABA controls the behavior of ROP/RACs have remained unclear. Our research results show that an
Arabidopsis guanine nucleotide exchange factor protein RopGEF1 is rapidly sequestered to intracellular particles in response to ABA. GFPRopGEF1 is sequestered via the endosome-prevacuolar compartment pathway and is degraded. RopGEF1 directly interacts with several
clade A PP2C protein phosphatases, including ABI. Interestingly, RopGEF1 undergoes constitutive degradation in pp2c quadruple
abi1/abi2/hab1/pp2ca mutant plants, revealing that active PP2C protein phosphatases protect and stabilize RopGEF1 from ABA-mediated
degradation. Notably, ABA-mediated degradation of RopGEF1 also plays an important role in ABA-mediated inhibition of lateral root
growth which is a key root development response to drought. Evidence indicates that GEF-ROP regulation may provide a mechanism for
cross talk with auxin signaling in this response. The presented findings point to a PP2C-RopGEF-ROP/RAC control loop model that is
proposed to aid in shutting off ABA signal transduction under non-water-stress conditions, to counteract leaky ABA signal transduction
caused by “monomeric” PYL/RCAR ABA receptors in the absence of stress, and facilitate signaling in response to ABA in response abiotic
stress condition. Furthermore new findings will be reported showing a direct and key role for Ca2+ and a Ca2+ binding protein in
regulation of the GEF1-ROP-PP2C control loop and thus ABA signaling.
Keywords: ABA; RopGEF; ROP; PP2C phosphatase; Calcium-dependent protein kinase
Abstract #61. Plasma Membrane Proteomic analysis reveals the role of Arabidopsis DRP1E During Cold Acclimation in Association with
Freezing Tolerance Development (Submission 219)
1
Etsuko Watanabe , Kotomi Yago, Mariko Kondo, Hiroyuki Imai, Daisuke Takahashi, Matsuo Uemura, Yukio Kawamura
1
Iwate University, Japan
The freezing tolerance of plants increases after being exposed to low temperatures, a process called cold acclimation (CA). The dynaminrelated protein (DRP) family, which is a GTPase conserved widely in organisms, plays roles in division of organelles, cytokines and
pathogen entry by regulating the membrane trafficking pathway. DRP1E was expected to have a role for reconstituting the plasma
membrane (PM) composition during CA, since dynamin functions in pinching vesicles off from the cell membrane. We previously
demonstrated that DRP1E function was associated with freezing tolerance after CA suggesting DRP1E’s function for reorganizing the PM
composition (1). Although DRP1E might affect changes of PM proteins during CA, detailed analysis and PM proteome associated with
DRP1E is not performed so far. To understand the role of DRP1E in more detail and how the PM proteins are regulated in association with
DRP1E function, we performed the electrolyte leakage (EL) analysis using drp1e mutant and PM proteome in association with freezing
tolerance development during CA with nano LC-MS/MS. First, we showed that DRP1E is more functional in new leaves than old leaves by
EL analysis suggesting that DRP1E works in new leaves for freezing tolerance. Next, we identified 640 proteins with PM proteome. The
abundances of a variety of proteins, such as PM channels, cell structure, signal transduction related proteins were affected by CA. We
also found that 460 proteins changed to responded to CA (ANOVA p<0.05). Among the CA-responsive proteins, 136 proteins increased
(>2-fold) and 178 proteins decreased (<0.5-fold) in both of WT and drp1e mutant. Of these, 60 increased and 123 decreased CAresponsive proteins were identified in WT and drp1e mutant. Our PM comparative proteomic analysis to CA response in WT and drp1e
mutant uncover the DRP1E’s role in signalling pathways. (1) Minami et al, Plant Journal (2015)
Keywords: Freezing tolerance; Cold acclimation; Proteome; Dynamin; nano LC-MS/MS
Abstract #62. Exploring the role of Mediator subunits in Arabidopsis responses to abiotic stresses (Submission 228)
1
Fazeelat Karamat , Lehotai, Nóra, Umeå university, Crawford, Tim, Umeå university, Blomberg, Jeanette, Umeå university, Strand, Åsa,
Umeå university, Björklund, Stefan, Umeå university
1
Umeå University, Sweden
Mediator is a multi-subunit complex, which is essential for transcriptional regulation in eukaryotic cells. It serves as an interface between
promoter-bound transcription factors and RNA polymerase II, to transduce signals for activation and repression of genes in response to
changes in the environment, such as different types of stress. Studies of the functions of Mediator subunits in plants under various
abiotic stresses is important in order to understand how the regulation of stress response genes is controlled and coordinated. We have
selected four Arabidopsis thaliana mediator subunit mutants (med9, med16, med18 and cdke1) and the corresponding wild type (Col-0)
to study how they are involved in the response to three different types of stress; cold, heat and salt. Plants were grown under short-day
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conditions for 5 weeks in soil for either heat or cold stress, and in hydroponic media for salt stress. Initial phenotypic evaluation of plants
was performed and shorter phenotypes for seedlings of med18 and cdke1 were observed. For salt stress, plants were exposed to
different concentrations of NaCl, while 37°C and 4°C were used for inducing heat and cold stress in plants, respectively. A number of
marker genes were selected for RT-qPCR technique to evaluate the differential gene expression patterns between the different
genotypes. For salt stress, (i) RD29A (ii) Atskip and (iii) MoCo sulfurase were evaluated. Cold-induced genes (i) COR15a (ii) COR47 and (iii)
CBF1 were studied to understand their expression patterns in plants treated with 4°C. To study the effect of heat treatment on gene
expression levels (i) DREB2A (ii) ZAT12 and (iii) MBFC were quantified. Different expression patterns for selected genes were observed in
the various genotypes under different types of stress. For a global view of differential gene expression patterns, high-through put
techniques will be utilized and results will be presented.
Keywords: plant mediator: abiotic stresses: gene regulation
Abstract #63. HSP90 and SGT1 regulate temperature-dependent plant growth in Arabidopsis (Submission 251)
1
Renhou Wang , Zhang, Yi, UC San Diego, Kieffer, Martin, University of Leeds, Yu, Hong, UC San Diego, Kepinski, Stefan, University of
Leeds, Estelle, Mark, UC San Diego
1
University of California San Diego, United States
As sessile organisms, plants are particularly sensitive to changes in environmental temperature. Even a mild increase in ambient
temperature can cause drastic changes in plant growth and development. Here we show that in addition to their roles in plant response
to heat stress, HEAT SHOCK PROTEIN 90 (HSP90) and its co-chaperone SGT1 are also important for ambient temperature-regulated plant
growth. A small elevation in ambient temperature leads to accumulation of HSP90, which, together with SGT1, stabilizes auxin coreceptor TRANSPORT INHIBITOR RESPONSE 1 (TIR1) by preventing its degradation through the 26S proteasome. High levels of TIRs
enhance auxin signaling, thus stimulating a range of auxin-mediated growth processes in warm environments. Our results indicate that
HSP90 and SGT1 integrate temperature and auxin signaling in order to regulate plant growth in a changing environment.
Keywords: HSP90; high temperature; auxin; TIR1; plant growth
Abstract #64. Signaling circuitry for ER stress resolution in plants (Submission 267)
1
Cristina Ruberti , Lai, YaShiuan, Plant Research Laboratory, Department of Energy, Michigan State University, Meng, Zhe, Plant Research
Laboratory, Department of Energy, Michigan State University, Brandizzi, Federica, Plant Research Laboratory, Department of Energy,
Michigan State University
1
MSU, United States
Signaling circuitry for ER stress resolution in plantsCristina Ruberti, YaShiuan Lai, Zhe Meng, Federica BrandizziMSU-DOE Plant Research
Lab and Plant Biology Department, Michigan State University, East Lansing, MI, 48824, USA. The endoplasmic reticulum (ER) plays a
pivotal role in sensing and responding to a changing environment. Stress conditions lead to an accumulation of unfolded proteins in the
ER (ER stress), that triggers an evolutionarily conserved mechanism termed the unfolded protein response (UPR),to ensure optimal
functioning and growth under mild-short stress conditions,or to lead to cell death under prolonged and severe stress conditions. Among
the ER stress transducers, only the ER trans-membrane inositol requiring enzyme-1 (IRE1) is highly conserved in yeast,animals and plants.
Interestingly, in animals,IRE1a differentially triggers different UPRs depending on need. IRE1a indeed (1) increases the protein folding
capacity during the adaptive phase; (2) it increases the intensity of the ER stress through mRNA decay of selective UPR target genes in the
transition phase between the adaptive and apoptotic response; and (3) it initiates cell death during apoptosis. How IRE1a determines cell
fate under ER stress remains unknown. In the light of these findings, we are elucidating the course of UPRs in plants under ER stress. The
viability of Arabidopsis ER stress transducers mutant lines allows performing in vivo analyses of the role of each ER stress sensor with
respect to the other UPR arms in an intact model system. Whole genome next generation RNA-sequencing analyses were performed to
examine the transcriptional profiling in wild type and mutant lines exposed to ER stress. Quantitative RT-PCR were used to confirm the
RNAseq results in order to define the molecular mechanisms by which each ER stress transducer controls the UPR. Finally, phenotypical
analyses in the UPR-deficient plants were performed to evaluate the requirement of each UPR effectors in ER stress and a critical player
involved in ER stress management has been identified. This work was primarily supported by National Institutes of Health with
contributing support from U.S. Department of Energy and AgBioResearch.
Keywords: Arabidopsis; Unfolded Protein Response; ER stress
Abstract #65. Pirin1 controls blue light-induced transcription of several genes in early development (Submission 336)
1
Yang Chen , Ashley Williams, Danielle Orozco-Nunnelly, DurreShahwar Muhammad, Zongchao Jia, Katherine M Warpeha
1
University of Illinois at Chicago, United States
As sessile organisms, plants develop unique mechanisms to accommodate environmental changes. Arabidopsis Pirin1 (PRN1,
AT3G59220), a cupin superfamily member, plays an important role in seedling early development. PRN1 is reported to act as a
transcription cofactor in response to blue light in regulating Lhcb1.3 transcription, through the nuclear factor Y (NFY, a CCAAT box binding
protein complex; Warpeha et al. 2007). PRN1 also cleaves quercetin in vitro (Orozco-Nunnelly et al. 2014), a UV-inducible flavonoid,
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which is abundant in seedling shoot apex and epidermis. Recently, we performed qPCR and explored genes that both have a CCAAT box
and are blue light induced. Our data indicates that PRN1 can regulate genes of this category other than Lhcb1.3. Pirins are highly
conserved from human to bacteria. Similar to PRN1, human Pirin (hPir) also cleaves quercetin in vitro. Interestingly, we found that hPir
was unable to rescue the prn1 mutant transcription defect, with or without blue light. Models are proposed how PRN1 may
accommodate its functional action. PRN1 is also required for normal cell size at the seedling stage in normal white-light driven growth
and development. The evolutionary context of Pirins is explored.
Abstract #66. IRE1b links ER stress to autophagy in Arabidopsis by degrading RNAs encoding proteins that negatively regulate
autophagy (Submission 340)
1
Steve Howell , Pu, Yunting, Iowa State University, Department of Genetics, Development and Cell Biology, Srivastava, Renu, Iowa State
University, Plant Sciences Institute, Howell, Stephen, Iowa State University, Plant Sciences Institute, Bassham, Diane, Iowa State
University, Department of Genetics, Development and Cell Biology
1
Iowa State University, United States
Autophagy is a conserved process in eukaryotes that contributes to cell survival in response to stress. Previously, we found that ER stress
induces autophagy via a pathway dependent upon IRE1b, an ER membrane-associated factor involved in the splicing of bZIP60 mRNA.
IRE1 is a dual protein kinase and ribonuclease, and here we determined the involvement of the protein kinase catalytic domain,
nucleotide binding and RNase domains of IRE1b in activating autophagy. Autophagy was assessed in transgenic seedlings bearing
mutations in the various IRE1b domains, and nucleotide binding and RNase activity of IRE1b are required for ER stress-mediated
autophagy. The RNase activity is involved in IRE1b mRNA splicing function, but its principal splicing target, bZIP60, is not involved in IRE1b
induced autophagy, and we therefore considered other roles for IRE1b in the activation of autophagy. Clustering of ER localized IRE1bYFP was observed when seedlings were subjected to ER stress, but the RNase knockout mutation in IRE1b still undergoes clustering,
suggesting that IRE1b clustering does not induce autophagy. Upon ER stress, the RNase of IRE1 has been found to engage in another
activity called Regulated Ire1-Dependent Decay of Messenger RNA (RIDD), which is the promiscuous degradation of mRNA by IRE1 in
response to ER stress. 12 RIDD target genes were selected from RNA-seq data for testing their role in inhibiting autophagy, and three of
them, beta-glucosidase 21 (beta-GLU21), MD2 related lipid recognition protein (ML) and peroxidase 14 (PR14) were found to be negative
regulators of autophagy induced by ER stress. Thus, in response to ER stress, IRE1b degrades the RNAs of negative regulators of
autophagy. Supported by NSF IOS 1353867.
Keywords: abiotic stress; ER stress; autophagy; Regulated Ire1-Dependent Decay of Messenger RNA; ribonuclease
Abstract #67. Identification of upstream kinases of VCS under osmotic stress conditions in Arabidopsis (Submission 349)
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Kazuo, RIKEN Center for Sustainable Resource Science, Yamaguchi-Shinozaki, Kazuko, Graduate School of Agricultural and Life Sciences,
The University of Tokyo
1
The University of Tokyo, Japan
Plants sense osmotic stresses, such as drought and high salinity, and control growth and development under these stress conditions.
SnRK2s (SNF1-related protein kinase 2) play a critical role in osmotic stress signaling in plants. We previously reported that ABAunresponsive subclass I SnRK2s interacted with and phosphorylated a decapping activator VARICOSE (VCS) under osmotic stress
conditions. We also showed that the subclass I SnRK2s and VCS regulated mRNA decay under osmotic stress conditions. These results
indicated that the subclass I SnRK2 and VCS played an important role in the osmotic stress signaling. However, Results of the in gel kinase
assay indicated that protein kinase(s) other than subclass I SnRK2s could also phosphorylate VCS under osmotic stress conditions. In this
study, to elucidate novel post-transcriptional regulation mediated by phosphorylation of VCS under osmotic stress conditions, we
identified a protein kinase named VCSK that can phosphorylate VCS. Our in-gel and in vitro kinase assays revealed that VCSK
phosphorylates VCS under osmotic stress conditions. We also showed that VCSK interacts with VCS in P-bodies. Our previous study
indicated that a mutant lacking all functional subclass I SnRK2s (srk2abgh) showed growth retardation under osmotic stress conditions.
Notably, a mutant lacking subclass I SnRK2s and VCSK showed severer growth retardation than the srk2abgh mutant under osmotic stress
conditions. We will check mRNA stability in the vcsk mutant to clarify whether phosphorylation of VCS by VCSK affects the mRNA decay
under osmotic stress conditions.
Keywords: osmotic stress; protein kinases; mRNA decay
Abstract #68. Modulation of Autophagy Impacts Nanoharvesting Yield in A. Thaliana (Submission 356)
1
Timothy Shull , Kurepa, Jasmina, University of Kentucky, Smalle, Jan A., University of Kentucky
1
University of Kentucky, United States
In recent years, flavonoids have garnered attention due to their potential use as natural dyes as well as their anti-inflammatory and
cancer-preventative properties. Conventionally, recovering flavonoids requires destruction of plant tissue. Recently we developed
a nanoparticle-based technique to isolate flavonoids from living plant tissue, which is termed nanoharvesting. This approach involves
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incubating plant tissue with TiO2 nanoparticles which enter cells, bind to flavonoids and are extruded as flavonoidnanoparticle conjugates. Isolating flavonoids from plant tissue using this process relies upon the so-called “surface defects”
of anatase TiO2 nanoparticles smaller than 20 nm in diameter that possess a high affinity for compounds containing enediol and
especially catechol groups. Previously it was shown that nanoharvesting is a biologically active process and leaves plant cells viable. Here
we show that nanoparticles induce autophagy in plants and that autophagy contributes to
the nanoharvesting phenomenon. Autophagy is a housekeeping mechanism and stress-response pathway that involves engulfing
cytoplasmic components in a double-membraned structure, ultimately leading to degradation of the engulfed cargo in the vacuole.
Additionally, we show that the chemical activation or inhibition of autophagy influences nanoharvesting yield.
Keywords: nanoparticles; flavonoids; autophagy; nanoharvesting
Abstract #69. Modulation of the Phosphate-Deficient Responses by MicroRNA156 and its Targeted SQUAMOSA PROMOTER BINDING
PROTEIN-LIKE 3 in Arabidopsis (Submission 357)
1
Chun-Peng Song , KaiJian Lei
1
Henan University, China
The microRNA156 (miR156)-modulated SQUAMOSA PROMOTER BINDING PROTEINLIKE (SPL) is involved in diverse biological processes that include growth, development,
and metabolism. Here, we report that the Arabidopsis miR156 and SPL3 as regulators play important roles in phosphate (Pi) deficiency re
sponse. MiR156 was induced during Pi starvation whereas SPL3 expression was repressed. Phenotypes of reduced rhizosphere acidificatio
n and decreased anthocyanin accumulation were observed in 35S:MIM156 (via target mimicry) transgenic plants under Pi deficiency. The
content and uptake of Pi in 35S:MIM156 Arabidopsis plants were increased compared with wild-type (Col0 ecotype) plants. 35S:rSPL3 seedlings showed similar anthocyanin accumulation and Pi content phenotypes to those of 35S:MIM156 pla
nts. Chromatin immunoprecipitation and an electrophoretic mobility shift assay indicated that the SPL3 protein directly bound to GTAC m
otifs in the PLDZ2, Pht1;5 and miR399f promoters. The expression of several Pi starvationinduced genes was increased in 35S:MIM156 and 35S:rSPL3 plants, including high-affinity Pi transporters, Mt4/TPS1-like genes,
and phosphatases. Collectively, our results suggest that the miR156-SPL3-Pht1;5 (-PLDZ2 and miR399f) pathways constitute a component of the Pi deficiency-induced regulatory mechanism of Arabidopsis.
Keywords: MicroRNA156; MicroRNA399; Phosphorus deficient; Pi uptake; Rhizosphere acidification; SPL
Abstract #70. Role of Arabidopsis ABF genes during det1 germination in salt and osmotic stress conditions (Submission 366)
1
Dana Schroeder , Fernando, V C Dilukshi, University of Manitoba, Belmonte, Mark F, University of Manitoba, Schroeder, Dana F,
University of Manitoba
1
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While DE-ETIOLATED 1 (DET1) is well known as a negative regulator of light development, det1 mutants also exhibit altered responses to
salt and osmotic stress, such as salt and mannitol resistant germination. LONG HYPOCOTYL 5 (HY5) positively regulates both light and ABA
signalling. hy5 suppressed the det1 salt and mannitol resistant germination phenotype, thus, det1 stress resistant germination requires
HY5. Publically available microarray data were analyzed to identify genes downstream of HY5 and that are differentially expressed in det1
mutants. This analysis revealed that ABA regulated genes, including ABA RESPONSIVE ELEMENT BINDING FACTOR 3 (ABF3), are
downregulated in det1. The role of ABF3 and homologues ABF4 and ABF1 in det1 stress phenotypes was investigated. Double mutant
analysis indicated that abf4 and abf1 suppress the det1 salt/osmotic stress resistant germination phenotype. Molecular analysis revealed
that while ABF3 is induced by salt in wildtype seeds, ABF4 and ABF1 are repressed, and that all three of these genes are underexpressed
in det1 seeds. In det1 abf1 and det1 abf4 double mutant seeds ABF3 levels are elevated, consistent with the reduced germination
observed in these lines. Thus regulation of the ABF genes appears to contribute to det1 salt/osmotic stress response phenotypes.
Keywords: DET1, ABF, salt, germination
Applied: Biotechnology, Molecular Breeding, Human/Societal Health:
Abstract #71. A novel role for methyl cysteinate and cysteine in cesium accumulation and response in Arabidopsis (Submission 220)
1
Ryoung Shin , Adams, Er, RIKEN Center for Sustainable Resource Science, Miyazaki, Takae, RIKEN Center for Sustainable Resource Science,
Han, Minwoo, RIKEN Center for Sustainable Resource Science, Kusano, Miyako, RIKEN Center for Sustainable Resource Science, Saito,
Kazuki, RIKEN Center for Sustainable Resource Science, Khandelia, Himanshu, University of Southern Denmark
1
RIKEN Center for Sustainable Resource Science, Japan
The accident at the Fukushima nuclear power plant in Japan following the great earthquake in 2011 resulted in the spread of radiocesium
over the surrounding areas including farmland. In subsequent years, techniques to remediate the land and ensure security of agricultural
products using plants have become the focus of attention. Cesium is a valuable metal while radioactive isotopes of cesium can be
hazardous. In order to establish a more efficient phytoremediation system, small molecules which promote plants to accumulate cesium
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were investigated. Through chemical library screening, of 10,000 chemicals tested, 14 chemicals were isolated as cesium accumulators in
Arabidopsis. Of those, methyl cysteinate, a derivative of cysteine was further analyzed. The methyl cysteinate treatment resulted in
increasing cesium accumulation and the cysteine treatment also led to cesium accumulation to a lesser extent compared to methyl
cysteinate. From the metabolic profiling, cysteine levels in Arabidopsis were shown to increase in response to cesium treatment. The
cesium accumulation effect was not observed for other cysteine derivatives or amino acids on the cysteine metabolic pathway tested.
Our results suggest that methyl cysteinate and cysteine may bind with cesium on the surface of the roots or inside plant cells and
improve phytoremediation.
Keywords: cesium, potassium, phytoremediation
Abstract #72. Genome-wide identification and expression analysis of CCCH zinc finger family in cotton (Submission 262)
1
Baoshuan Shang , Xining Guo, Institute of Stress Biology, Henan University, Xiao Zhang, Institute of Stress Biology, Henan University
1
Henan University, China
The CCCH zinc finger proteins play diverse roles in plant development and stress response, with unique features as RNA-binding proteins.
Although the identification of CCCHs as candidates of stress tolerance regulator is under pace in model organisms, little is known about
the CCCH family in cotton. In this study, members of the CCCH gene family were identified in Gossypium hirsutum, Gossypium arboretum,
and Gossypium raimondii. Comprehensive analysis revealed the chromosomal distribution, gene structure, phylogeny, and protein motifs
of the CCCH genes in cotton. These results revealed the origin, integration, gene duplication, and systemic evolutionary of cotton CCCH
gene family. Expression pattern profiling of the GhCCCH genes in various tissues deciphered their distinct spatiotemporal pattern.
Additionally, expression analysis indicated that certain GhCCCHs response to drought, salinity, and cold treatment, implicating their
crucial roles for the improvement of cotton cultivar tolerance to abiotic stress. Taken together, our results provide the foundation for
further identification of CCCHs as key regulators in cotton tolerance to abiotic stress, and shed light on the improvement of multiagricultural traits of elite cotton cultivars.
Keywords: Abiotic stress, GhCCCH, RNA processing, Gossypium hirsutum
Abstract #73. Effect of parental age on meiotic recombination rates in Arabidopsis (Submission 312)
1
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1
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Effect of parental age on meiotic recombination rates in Arabidopsis.Ramswaroop Saini, Amit Kumar Singh and Ramamurthy
BaskarDepartment of Biotechnology, Indian Institute of Technology–Madras, Chennai 600036. Abstract: We examined the influence of
parental reproductive age on meiotic recombination (MR) rates using a set of Arabidopsis detector lines. These transgenic lines carry
both GFP and RFP markers linked in cis that are driven by a seed specific promoter. Segregation of these markers by a recombination
event can be assayed by examining the seeds and four phenotypes can be seen: RFP fluorescent; GFP fluorescent; both RFP and GFP
fluorescent and wild type seeds. To know the influence of parental age on MR rates in the progeny, detector lines heterozygous for both
GFP and RFP were reciprocally crossed to wild type plants on four different ages- 40, 45, 50 and 55 days after sowing (DAS). With the
increase in male as well as female parental plant age, there was no change in MR rates in the progeny. Similar to earlier observations, we
also observed significantly higher MR rates in males compared to females. Plants of different ages when crossed with the other parent of
a particular age, had no influence on MR rates in the progeny. We are now comparing CHH methylation in males and females to know if
CHH methylation dynamics contributes to higher/lower MR rates in males/females respectively.Key words: Arabidopsis; meiotic
recombination; parental age; DAS (day after sowing).
Keywords: Arabidopsis; meiotic recombination; parental age; DAS (day after sowing)
Abstract #74. The Regulation of GAs Biosynthesis During the Photoperiodic Response in Aspen. (Submission 333)
1
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1
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The Regulation of GAs Biosynthesis During the Photoperiodic Response in Aspen. José Alfredo Zambrano1, Shashank Sane1 and Ove
Nilsson1 1Umeå Plant Science Centre, Department of Forest Genetics and Plant Physiology, Swedish University of Agricultural Sciences,
SE-901 83 Umeå, Sweden Gibberellins (GAs) are one of the major hormones regulating different aspects of plant growth, such as stem
elongation, germination, dormancy, flowering or fruit development. In trees, GAs are key regulators of shoot growth and have been
suggested as important factors controlling short day (SD)-induced growth cessation. In fact, Gibberellin 20-oxidase (GA20ox)
overexpressing hybrid aspens (Populus tremula x tremuloides) do not set buds when grown in SD conditions. By contrast, GA20ox
antisense transgenic aspen trees exhibited earlier bud set compared to wild type plants. The aim of our work is to investigate how GA
biosynthesis is affected by the photoperiodic signaling pathway in the regulation of growth cessation, bud set and bud break. In order to
elucidate the relation between the GAs and the photoperiod pathway we analyzed the expression levels of the GA-metabolism genes
(GA2ox, GA3ox and GA20ox) in Populus FLOWERING LOCUS T1 (PtFT1), PtFT2 and PtGIGANTEA (PtGI) RNAi transgenic plants grown in
Long day (LD) and SD conditions, respectively. We also assessed the effect of exogenous application of gibberellins to this transgenic lines
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compared to the wild type. Our results show low expression levels of the GA biosynthesis genes in PtGI RNAi and PtFT RNAi compared to
WT. This may be related to the early bud set phenotype in both lines. It is known that growth cessation in hybrid aspen ultimately
depends on concentrations of bioactive GA. Our data suggests that this occurs through the regulation of FT. Besides these approaches,
we have undertaken the absolute quantification of the different GA metabolites in FT and GI RNAi lines. This study, technically
challenging, offers complementary information that suggests that the photoperiod pathway contributes to the regulation of GA
metabolism during growth cessation in aspen trees.
Cell and Developmental Biology:
Abstract #75. CLAVATA1 controls distinct signaling outputs that buffer shoot stem cell proliferation through a two-step transcriptional
compensation loop. (Submission 17)
1
Zachary Nimchuk
1
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The regulation of stem cell proliferation in plants is controlled by intercellular signaling pathways driven by the diffusible CLAVATA3
(CLV3p) peptide. CLV3p perception is thought to be mediated by an overlapping array of receptors in the stem cell niche including the
transmembrane receptor kinase CLV1, Receptor-Like Protein Kinase 2 (RPK2), and a dimer of the receptor-like protein CLV2 and the
CORYNE (CRN) pseudokinase. Mutations in these receptors have qualitatively similar effects on stem cell function but it is unclear if this
represents common or divergent signaling outputs. Previous work in heterologous systems has suggested that CLV1, RPK2 and CLV2/CRN
could form higher order complexes but it is also unclear what relevance these putative complexes have to in vivo receptor functions.
Here I use the in vivo regulation of a specific transcriptional target of CLV1 signaling in Arabidopsis to demonstrate that, despite the
phenotypic similarities between the different receptor mutants, CLV1 controls distinct signaling outputs in living stem cell niches
independent of other receptors. This regulation is separable from stem cell proliferation driven by WUSCHEL, a proposed common
transcriptional target of CLV3p signaling. In addition, stem cell proliferation is buffered by CLV1 through a two-step transcriptional
compensation loop that regulates the expression of related receptor kinases in the meristem. Collectively these data reveal a unique in
vivo role for CLV1 separable from other stem cell receptors and provides a framework for dissecting the signaling outputs in stem cell
regulation.
Keywords: Development, stem cells, receptor signaling, peptides
Abstract #76. RCBL: a novel phytochrome signaling component initiates chloroplast biogenesis (Submission 28)
1
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The biogenesis of photosynthetically active chloroplast is triggered by light through the red/far-red photoreceptors, the phytochromes
(phys). However, the mechanism of phy signaling in the nucleus regulating chloroplast biogenesis remains elusive. Our previous studies of
the phy signaling component, Hemera (HMR), revealed that hmr is the founding member of a new class of phy signaling mutants with
long hypocotyl and albino phenotypes. HMR is dual-targeted to the nucleus and plastids. While nuclear HMR is a transcriptional
coactivator required for early phy signaling, including phy localization to photobodies and degradation of the master antagonistic
transcriptional factors, Phy-Interacting Factors 1 and 3 (PIF1 and PIF3), plastidial HMR is associated with Plastid-Encoded RNA Polymerase
(PEP). The discovery of HMR led to the hypothesis that other phy signaling components required for plastid biogenesis are yet to be
discovered. Here, we used a forward genetic screen to identify RCBL (Regulator for Chloroplast Biogenesis in Light signaling) – an
uncharacterized phy signaling component required for chloroplast biogenesis. RCBL is required for both phyA- and phyB-mediated
responses, and participates in early phy signaling, including photobody biogenesis, degradation of PIF1 and PIF3, and expression of PIFdependent genes. RCBL is also dual-targeted to the nucleus and plastids. Although RCBL is not associated with PEP, it is essential for the
PEP activity. Knocking out 4 PIFs (pifq, pif1/pif3/pif4/pif5) in rcbl rescues the tall hypocotyl but not the albino phenotype, indicating RCBL
plays two separate roles: a PIF-dependent role in hypocotyl growth and a PIF-independent role in plastid biogenesis. Together, this study
identified a novel phy signaling component required for plastid biogenesis and demonstrates an intimate mechanistic link between phy
signaling in the nucleus and gene regulation in the plastids to initiate plastid biogenesis during photomorphogenesis.
Keywords: Photomorphogenesis; Phytochrome signaling; Chloroplast biogenesis; Nuclear and chloroplasts dual-targeted
Abstract #77. Direct metal sensing by the IRT1 transporter/receptor orchestrates its degradation by endocytosis and plant metal
nutrition (Submission 35)
1
Greg Vert
1
I2BC, Gif-sur-Yvette, France
Plant roots forage the soil for iron, the concentration of which can be dramatically lower than those needed for growth. In
dicotyledonous plants, such as Arabidopsis, iron uptake from the soil uses the broad metal spectrum IRT1 transporter in the root
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epidermis. The transcription of IRT1 is rapidly and strongly upregulated by iron limitation in roots, to increase iron uptake l and to sustain
plant growth. However, IRT1 shows low selectivity for iron and aspecifically transports highly-reactive non-iron metals such as zinc,
manganese, cobalt and cadmium. IRT1 is therefore responsible for the accumulation of noxious heavy metals in iron-deficient plants and
more generally in the food chain. We previously showed that low levels of non-iron metals trigger IRT1 multimonoubiquitinationdependent internalization from the cell surface and its accumulation in early endosomes. Here, we uncover that non-iron metal excess
mediates the conversion of multimonoubiquitin into lysine-63 polyubiquitin chains to drive IRT1 towards the vacuole and promote IRT1
degradation. Further, we demonstrate that IRT1 acts as a transporter/receptor (transceptor), directly sensing non-iron metal excess in
the cytoplasm to regulate its own degradation by endocytosis. Direct binding of non-iron metals to a histidine-rich stretch found in IRT1
triggers the recruitment of the CIPK22 kinase and IRT1 phosphorylation. Phosphorylation of IRT1 creates a docking site for the IDF1 RING
E3 ubiquitin ligase that elongates monoubiquitin moieties into lysine-63 polyubiquitin chains. Polyubiquitinated IRT1 is subsequently
sorted into late endosomes and degraded in the vacuole. Thus, we have identified the molecular mechanisms allowing plants to perceive
and respond to non-iron metals, and shown that IRT1 integrates multiple substrate-dependent regulations to optimize iron uptake and
protect plants from its highly-reactive non-iron metal substrates.
Keywords: Endocytosis; ubiquitination; plasma membrane protein degradation; metal sensing, phosphorylation
Abstract #78. Rhamnose-containing cell wall polymers suppress helical plant growth independently of microtubule orientation
(Submission 40)
1
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While specific organs in some plant species exhibit helical growth patterns of fixed or variable handedness, most plants organs are not
helical. Previous work has implicated the organization of the cytoskeleton as a basis for helical growth. We report that changes in cell wall
composition can also cause helical growth. Mutations in Arabidopsis RHAMNOSE BIOSYNTHESIS 1 (RHM1) resulted in dramatic lefthanded helical twisting of adaxial petal epidermal cells and whole petals, and rhm1 mutant roots also displayed left-handed growth.
Furthermore, rhm1 mutants had decreased expansion of petal epidermal cells, and the helical twisting of those cells was dependent on
expansion, suggesting that the helical growth of rhm1 mutants might be linked to cell expansion. RHM1 encodes a UDP-L-rhamnose
synthase. Rhamnose is a major component of pectic polysaccharides in the cell wall, and rhm1 mutants exhibited significantly decreased
levels of cell wall rhamnose. Linkage analysis showed that rhm1 mutations had decreased levels of the pectic polysaccharide
rhamnogalacturonan-I, as well as potentially other rhamnose-containing cell wall polymers. Furthermore, the mutant mur8, that has a
reduction in cell wall rhamnose, also exhibited left-handed root growth, confirming a role for rhamnose-containing cell wall polymers in
preventing helical growth. Unlike other mutants that exhibit helical growth of fixed handedness, the orientation of cortical microtubule
arrays was unaltered in rhm1 mutants, indicating that the helical growth of rhm1 mutants was independent of microtubules. Our findings
reveal a novel source of left-handed plant growth caused by changes in cell wall composition that is independent of microtubule
orientation. We propose that an important function of rhamnose-containing cell wall polymers is to suppress helical twisting of
expanding plant cells.
Keywords: cell wall; pectin; rhamnose; petals; helical growth
Abstract #79. Novel Small Peptides in Arabidopsis Root Development Revealed by Super-Resolution Ribosome Profiling (Submission
41)
1
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Small peptides, recognized by specific receptor-like kinases, regulate cell-cell communication in plants, including numerous development,
abiotic and biotic responses. There are over 600 receptor-like kinases in Arabidopsis, but most of their ligand peptides are still unknown.
To identify novel small peptides, we generated super-resolution ribosome profiling (deep sequencing of ribosome footprints) to monitor
ribosome occupancy in the Arabidopsis transcriptome. Using stringent statistics to test features corresponding to actively translating
ribosomes, we identified novel translated ORFs that are outside of the annotated coding sequences, including small ORFs (sORFs) in
annotated ncRNAs, upstream ORFs in 5’ UTR and non-canonical start sites. A big portion of the sORFs are evolutionarily conserved, and
some produce stable proteins in plants, suggesting they are functionally important. Among the novel sORFs, we focus on those displaying
cell type or tissue-specificity in root and/or containing a signal peptide sequence. We have identified one sORF dramatically changes root
development upon over-expressed. Our results demonstrate the feasibility to identify novel ORFs using a high-throughput experimental
approach and reveal new functions of small peptides in root development.
Keywords: peptide; ribosome profiling; root development; translation; ncRNA

26

Abstract #80. Genetic Architecture and Molecular Networks of Leaf Thickness in Desert-Adapted Tomato (Solanum pennellii)
(Submission 44)
1
Viktoriya Coneva , Frank, Margaret, DDPSC, de Luis Balaguer, Maria A., NCSU, Li, Mao, DDPSC, Sozzani, Rosangela, NCSU, Chitwood,
Daniel, Independent Researcher
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The thickness of leaves has been linked to the ability of plants to withstand arid habitats. However, understanding of the molecular
networks, which pattern this highly functional quantitative trait is lacking. We used a custom-built confocal profilometer to measure leaf
thickness in an introgression line (IL) population derived from the desert tomato species Solanum pennellii, and identified quantitative
trait loci (QTL). Significant correlations of leaf thickness with a suite of traits suggest that thickness is patterned in concert with other
aspects of leaf morphology. Thicker tomato leaves have dramatically elongated palisade parenchyma cells – a common feature of many
thick leaves. To dissect the molecular networks that pattern thickness we inferred Dynamic Bayesian Networks of gene expression across
early leaf ontogeny (plastochron stages P1-P4) in two ILs with thicker leaves. We identified regulators of S. pennellii-like leaf shape and
present molecular evidence for alterations in the relative pace of the cellular events underlying leaf development, which may lead to the
patterning of thicker leaves. Collectively, these data suggest genetic, anatomical, and molecular mechanisms that pattern leaf thickness in
desert-adapted tomato.
Keywords: leaf thickness; desert adaptation; gene regulatory networks; QTL
Abstract #81. Identification of novel proteins involved in cytoskeleton-endomembrane crosstalk through forward genetic screens on
actin disrupting compounds (Submission 50)
1
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Bibi Rafeiza, The Samuel Roberts Noble Foundation
1
The Samuel Roberts Noble Foundation, United States
To discover new proteins that function in actin–dependent cellular processes, we isolated Arabidopsis thaliana mutants that were
hypersensitive or resistant to latrunculin B (LatB), a chemical inhibitor of actin polymerization. We identified 3 non-allelic, recessive
hypersensitive to latB (hlb) and 3 non-allelic tolerant to LatB mutants. The disrupted genes in the mutants encoded for previously
uncharacterized proteins involved in membrane trafficking pathways in roots. For example, we found that HLB1 is a tetratricopeptide
repeat domain-containing, plant-specific 565 amino acid protein while HLB2 is a new root hair tip-directed protein. HLB1 colocalized with
trans-Golgi Network (TGN)/early endosome (EE) markers through its conserved C-terminal domain while HLB2 was targeted to post-Golgi
compartments at the apical dome of root hairs via its phosphoinositide binding, pleckstrin homology (PH) domain. Coimmunoprecipitation identified the TGN/EE-localized HOPM interactor 7/Brefeldin A (BFA)-visualized endocytic trafficking defective 1
(MIN7BEN1) as an HLB1 interacting protein. MIN7/BEN1 belongs to the BIG class of ADP-ribosylation factor guanine nucleotide exchange
factors (ARF-GEF), which are activators of the ARF class of small GTP binding proteins (small GTPases). Consistent with the subcellular
localization of HLB1, recycling of proteins to the plasma membrane was disrupted in hlb1 roots and min7/ben1 were hypersensitive to
LatB to the same extent as hlb1. Based on these data, we propose that HLB1 together with MIN7/BEN1 form a complex that functions at
the intersection of the exocytic and endocytic pathways. Our study also demonstrates the feasibility of forward genetic screens on actindisrupting compounds to uncover novel protein regulators that mediate interactions between the cytoskeleton and endomembrane
trafficking pathways in plants (This work was supported by NASA grant NNX12AM94G and the Noble Foundation).
Keywords: Actin cytoskeleton; Live cell microscopy; Endomembrane trafficking; Root development; Tip growth
Abstract #82. Autocrine regulation of stomatal differentiation potential by EPF1 and ERECTA-LIKE1 ligand-receptor signaling
(Submission 58)
1
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1
University of Washington, United States
Development of stomata, valves on the plant epidermis for optimal gas exchange and water control, is fine-tuned by multiple signaling
peptides with unique, overlapping, or antagonistic activities. EPIDERMAL PATTERNING FACTOR1 (EPF1) is a founding member of the
secreted peptide ligands enforcing stomatal patterning. Yet, its exact role remains unclear. Here, we report that EPF1 and its primary
receptor ERECTA-LIKE1 (ERL1) target MUTE, a transcription factor specifying the proliferation-to-differentiation switch within the
stomatal cell lineages. In turn, MUTE directly induces ERL1. The absolute co-expression of ERL1 and MUTE, with the co-presence of EPF1,
triggers autocrine inhibition of stomatal fate. During normal stomatal development, this autocrine inhibition prevents extra symmetric
divisions of stomatal precursors likely owing to excessive MUTE activity. Our study reveals the unexpected role of self-inhibition as a
mechanism for ensuring proper stomatal development and suggests an intricate signal buffering mechanism underlying plant tissue
patterning.
Keywords: stomata; autocrine inhibition; negative feedback loop; ligand-receptor signaling; transcription factor
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Abstract #83. Sucrose is transported from leaves to seeds by SWEETs (Submission 61)
1
Li-Qing Chen , Li, Jiankun, University of Illinois at Urbana-Champaign, Frommer, Wolf, Carnegie Institution for Science
1
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There is an urgent need to increase crop yield to meet increasing demands for food, as the world population grows. Engineering sugar
flux to seeds is one of the promising strategies to achieve the goal of food increasing. Sugar transporters are required for intra- and extracellular sugar exchange in the living organism. A recently characterized sugar transporter family, SWEET, plays important roles in the
different biological efflux processes. AtSWEET11 and 12 export sucrose into the apoplasm from the phloem parenchyma cells in
preparation for phloem loading. The atsweet11;12 double mutant impairs sucrose export out of the leaf. SWEET13 was found upregulated in atsweet11;12 double mutant plant. The triple mutant atsweet11;12;13 displayed more severe phenotype on the sugar-free
medium than atsweet11;12, indicating an important role of SWEET13 in the step prior to phloem loading. AtSWEET11, 12 and 15 are
required for seed filling by supplying sucrose from the seed coat and endosperm to the embryo. Triple mutant atsweet11;12;15 severely
delays embryo development and reduces seed yield. SWEETs complete the route of sucrose transport from photosynthetic leaf to
heterotrophic embryo. Unexpectedly, the constitutive expression of AtSWEET11 or AtSWEET12 leads to stunted growth as atsweet11;12
does, suggesting the precise manipulation of sugar transporter is required for sugar flux engineering to increase crop yield.
Keywords: SWEET, sugar transporter, phloem loading, seed filling, sugar allocation
Abstract #84. Remodeling of the FtsZ Ring during Chloroplast Division in Arabidopsis Requires Activation of ARC3 by PARC6 at the
Division Site (Submission 63)
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Chloroplast division in plants is driven by constriction of the stromal FtsZ ring (Z ring), composed of the filament-forming cytoskeletal
protein FtsZ. Remodeling of the Z ring at the mid-plastid is indispensable for Z-ring and chloroplast constriction. Z-ring assembly and
dynamics are governed in part by the stromal FtsZ assembly inhibitor ACCUMULATION AND REPLICATION OF CHLOROPLASTS3 (ARC3).
Here, we report there are two pools of ARC3 that function distinctly during chloroplast division. One is distributed evenly across the
chloroplast stroma; previous work indicates this pool prevents Z-ring formation at non-division sites. A second pool colocalizes with the Z
ring at the division site, where its assembly-inhibitory activity likely accelerates Z-ring remodeling during chloroplast division. ARC3 is
recruited to the chloroplast division site by the FtsZ-interacting membrane protein PARALOG OF ARC6 (PARC6). ARC3 bears a C-terminal
domain called the MORN domain, which we previously demonstrated is required for ARC3-PARC6 interaction but prevents ARC3-FtsZ
interaction. Here, we show that PARC6 allows full-length ARC3 bearing the MORN domain to interact with FtsZ proteins in a yeast threehybrid system, suggesting that PARC6 sequesters the MORN domain, enabling ARC3-FtsZ interaction. We further show that full-length
ARC3 inhibits assembly of FtsZ filaments in a heterologous yeast system only in the presence of PARC6. However, genetic data indicate
that PARC6 also contributes to the regulation of Z-ring assembly independently of ARC3. Consistently, PARC6 alone enhances remodeling
of FtsZ filaments in yeast. Our results suggest that PARC6 has multiple functions at the division site: it acts as a scaffold to bring ARC3 and
FtsZ into close proximity, it activates the inhibitory activity of ARC3 on Z-ring assembly by sequestering the MORN domain to accelerate Zring remodeling, and it may directly promote Z-ring remodeling through an ARC3-independent activity.
Keywords: chloroplast; division; FtsZ-ring; Remodeling; ARC3; PARC6
Abstract #85. CELLULASE 6 and MANNANASE 7 affect cell differentiation and silique dehiscence in Arabidopsis (Submission 64)
1
Ming Yang , He, Hanjun, South China Agricultural University, Bai, Mei, South China Agricultural University, Hu, Yanting, South China
Agricultural University, Wu, Hong, South China Agricultural University
1
Oklahoma State University, United States
Cellulases, hemicellulases and pectinases play important roles in fruit development and maturation, but mutants with defects in the fruit
have not been reported for cellulase or hemicellulase genes. Here we report the functional characterization of cellulase gene CEL6 and
hemicellulase gene MAN7 in silique development and dehiscence in Arabidopsis. These genes were found to be expressed in vegetative
and reproductive organs, and their expression in the silique partially depended on the IND and ALC transcriptional factors. Mutant alleles
of cel6 and man7 exhibited delayed secondary cell wall thickening and altered cell morphology in the valve margin and impaired silique
dehiscence. Cells in the separation layer in nearly mature siliques of the single mutants and the cel6-1 man7-3 double mutant remained
intact whereas they degenerated in the wild-type control. Phenotypic studies of single, double, triple and quadruple mutants revealed
that the higher-order mutant combinations of the cel6-1, man7-3, and pectinase adpg1-1 and adpg2-1 mutations produced more severe
silique indehiscent phenotypes than the corresponding lower-order mutant combinations, except for some combinations involving cel61, man7-3, and adpg2-1. Our results demonstrate that the ability of the silique to dehisce can be manipulated to different degrees by
altering the activities of proteins of different types.
Keywords: Fruit dehiscence; cellulase; hemicellulase; pectinase; mutants
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Abstract #86. Mechanisms of ribosomal RNA turnover and their role in cellular homeostasis in Arabidopsis (Submission 67)
1
Gustavo MacIntosh , Morriss, Stephanie, Iowa State University, Floyd, Brice, Iowa State University, Liu, Xiaoyi, Iowa State University,
Bassham, Diane, Iowa State University
1
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Ribosomes are essential cellular components, and a large proportion of cellular resources are dedicated to their synthesis. Yet, the
pathways involved in turnover of normal ribosomes remain poorly studied. We have shown that the Arabidopsis ribonuclease RNS2
functions in the vacuolar degradation of rRNA. Mutants lacking this RNase activity have rRNA with a longer half-life, and we determined
that rns2 mutants accumulate rRNA in the vacuole. These mutants also have constitutive activation of the autophagy pathway, possibly
as an attempt to compensate for the loss of rRNA degradation. A functional autophagy pathway is also necessary to maintain normal RNA
levels in Arabidopsis, suggesting that plants use an autophagy-dependent mechanism to transport ribosomes to the vacuole for recycling.
However, differential rRNA accumulation in vacuoles of specific atg mutants suggest that rRNA or ribosome transport to the organelle
may be normally occur through a selective mechanism that utilizes some, but not all, the autophagy core components. In addition to
dissecting the rRNA decay pathway and the mechanisms of rRNA transport to the vacuole, we are interested in understanding why rRNA
is recycled. Metabolome and transcriptome analyses of rns2 mutants that cannot recycle rRNA properly indicated that carbon flux
through the pentose phosphate pathways is altered in the mutants. Our results suggest that rRNA turnover is necessary to maintain
cellular homeostasis, likely as part of the nucleoside salvage pathway. When this salvage pathway is blocked, the PPP is rerouted to
produce ribose-5-P for de novo nucleoside synthesis. This change in carbon flux, in turn, causes growth phenotypes and the production of
reactive oxygen species that are responsible for activation of the general autophagy pathway in rns2 mutants.
Keywords: rRNA turnover; selective autophagy; cellular homeostasis; salvage pathway
Abstract #87. Identifying regulators of asymmetric protein localization in the stomatal lineage (Submission 72)
1
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1
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Generating cell polarity prior to asymmetric cell division determines diverse daughter cell fates during development across different
species within the eukaryotic kingdom. In the Arabidopsis stomatal lineage, a number of proteins (e.g. BASL) are polarly localized at the
cell cortex before division and contribute to the physical and fate asymmetries of the subsequent division. How these proteins achieve
their striking polar localization, however, is unknown. In a genetic screen, we identified a mutation in the Raf-like kinase Constitutive
Triple Response 1 (CTR1) that results in depolarization of polarity proteins in stomatal lineage cells. CTR1 is the negative regulator of
ethylene signaling pathway and the ctr1 mutant exhibits a constitutive ethylene response. Stomatal lineage specific knock-down of CTR1
expression and exogenous supply of ethylene on wild type Arabidopsis seedlings also lead to cortical protein depolarization, which
further support ethylene’s function in establishing cell polarity in stomatal lineage cells. We are currently applying genetic, cell biology,
and biochemical approaches to dissect the relationship between the stem cell polarity and the ethylene signaling pathway in the context
of stomatal development.
Keywords: stomatal lineage; cell polarity; ethylene signaling
Abstract #88. Efficient Plastid Transformation in ACC2-Defective Arabidopsis (Submission 74)
1
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1
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Plastid transformation is routine in tobacco, but 100-fold less frequent in Arabidopsis, preventing its use in plastid biology. A recent study
revealed that null mutations in acc2, encoding a plastid-targeted acetyl-CoA-carboxylase, cause extreme sensitivity to spectinomycin. We
hypothesized that plastid transformation efficiency should increase in the acc2 background, because when ACC2 is absent it makes fatty
acid biosynthesis dependent on translation of the plastid-encoded ACC β-Carboxylase subunit. We bombarded ACC2-deficient
Arabidopsis leaves with a vector carrying a selectable spectinomycin resistance (aadA) gene and gfp, encoding the green fluorescence
protein GFP. Spectinomycin resistant clones were identified as green cell clusters on a spectinomycin medium. Plastid transformation was
confirmed by GFP accumulation from the second open reading frame of a polycistronic mRNA, that would not be translated in the
cytoplasm. We obtained one to two plastid transformation events per bombarded sample in the spectinomycin sensitive Sav-0 and
Columbia acc2 knockout backgrounds. The Columbia accession is recalcitrant to plant regeneration. However, plant regeneration was
obtained in the Sav-0 ecotype. The Sav0 transplastomic shoots flowered and produced seed in sterile culture. The recognition that the
duplicated ACCase in Arabidopsis is an impediment to plastid transformation provides a rational template to implement plastid
transformation in related recalcitrant crops.
Keywords: Sav-0; plastid transformation; spectinomycin selection; aadA gene; transplastomic
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Abstract #89. PCH1 is essential for phyB nuclear-microdomain formation to regulate photomorphogenesis and light input into the
circadian clock (Submission 88)
1
He Huang , Sorkin, Maria, Washington University in St. Louis, Bindbeutel, Rebecca, Donald Danforth Plant Science Center, Nusinow,
Dmitri, Donald Danforth Plant Science Center
1
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A fundamental question in cell biology is how the densely packed cellular contents are organized to carry out the spatiotemporal control
over various signaling pathways efficiently. One way to achieve this is through forming subcellular, micron-sized, membrane-less
biomolecular condensates consisting of multiple proteins and nuclear acids. In Arabidopsis cells, the primary red/far-red light
photoreceptors phytochromes can form subnuclear, micron-sized, nuclear microdomains called photobodies (PBs). Although the
correlations between PB and phytochrome-regulated physiological responses, such as photomorphogenesis, have been established, the
composition and functions of PB require further investigation. Here we present that a phytochrome B (phyB)-interacting protein called
PCH1 functions as a structural component of the phyB-PB. PCH1 is a plant-specific, evening-phased protein that preferentially binds to
the active form of phyB. Using a constitutive active phyB allele YHB (phyB-Y276H), we tested genetic interactions between PCH1 and
phyB signaling. Consistent with prior data, YHB is sufficient to induce photomorphogenesis and form PBs even in dark-grown seedlings,
and to phenocopy red light input into the circadian clock to sustain robust rhythms of plants grown in dark. However, pch1 mutation
dramatically repressed the constitutive photomorphogenesis phenotypes caused by YHB. pch1 mutation also prevents YHB from forming
PBs regardless of light or dark conditions without affecting the nuclear localization of YHB, while overexpressing PCH1 dramatically
increase YHB-PB formation. Modulating PCH1 levels also affect the YHB-mediated light input to the clock, as YHB pch1 plants exhibited
loss of circadian rhythms in constant dark. Therefore, our data indicated that PCH1 is required for forming phyB-photobodies and that
photobodies are critical for proper phyB functions in photomorphogenesis and in regulating the circadian clock.
Keywords: phytochrome; photobodies; photomorphogenesis; thermomorphogenesis; circadian clock
Abstract #90. The elaborate delivery of UDP-arabinose into the Golgi of plants (Submission 96)
1
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1
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Arabinose, specifically in its furanose form (Araf), is a major constituent of non-cellulosic cell wall polysaccharides that are synthesized in
the Golgi apparatus by glycosyltransferases using activated sugars (nucleotide sugars) as substrates. Most nucleotide sugars are made in
the cytosol and their transport from the cytosol into the Golgi lumen is mediated by nucleotide sugar transporters (NSTs). The de novo
synthesis of UDP-arabinose in its pyranose conformation (UDP-Arap) takes place within the Golgi lumen. However, previous studies have
demonstrated that the interconversion UDP-Arap to UDP-Araf is catalyzed by reversibly glycosylated proteins (RGPs) localized in the
cytosol. This observation suggests that both UDP-Arap and UDP-Araf must be actively transported across the Golgi membrane. Using an
approach that combines reconstitution of NSTs into liposomes and the subsequent LC-MS/MS analysis of nucleotide sugar uptake we
identified six uncharacterized proteins that can specifically transport UDP-Araf in vitro. A detailed biochemical characterization will be
presented and discussed in context with endogenous nucleotide sugar pools in plants. Transient expression of these NSTs in tobacco has
shown that they are located in the Golgi apparatus, which confirms their function as Golgi NSTs. Data obtained from mutant and
overexpression lines indicate that the import of UDP-Araf from the cytosolic into the Golgi lumen is a critical step in cell wall biosynthesis
and plant growth.
Keywords: Plant Golgi UDP-arabinofuranose transporters
Abstract #91. Regulation of root cell elongation by a transcription factor, which acts under signal of the ROS. (Submission 97)
1
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Suzuki, Takamasa, Chubu university., Nomoto, Mika, Nagoya university., Sakaoka, Satomi, Meijo University., Higashiyama, Tetsuya,
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1
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Reactive oxygen species (ROS) are important as the signal molecule for responding to various stresses in plant, as well as in growth
regulation. However, the molecular mechanisms by which ROS act as growth regulator, as well as how ROS dependent growth regulation
relates to its roles in stress responses are not well understood. To address this question, we generated comprehensive transcriptome
map (ROS-map), which captured ROS response in different zones of root tip. Using the ROS-map, we identified a MYB transcription factor,
MYB30, which showed a strong response to ROS treatment and is the key regulator of a gene network that leads to the hydrogen
peroxide dependent inhibition of root cell elongation. In addition, we showed that MYB30 is necessary for root growth regulation upon
defense responses, thus providing a molecular link between these two ROS associated phenomena.
Keywords: Reactive Oxygen Species; Transcriptional Network; Root Cell Elongation; Lipid Transfer
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Abstract #92. Elucidation of the TOR (target of rapamycin) network by new TOR kinase alleles (Submission 100)
1
Myriam Schaufelberger , John, Florian, University of Zurich, Ringli, Christoph, University of Zurich, Zeeman, Samuel C., Swiss Federal
Institute of Technology in Zurich
1
University of Zurich, Switzerland
The target of rapamycin (TOR) is a highly conserved Ser/Thr kinase central to the TOR network. Manipulation of the TOR signaling
network in Arabidopsis has highlighted its central role in regulating translation and metabolism, as well as cell proliferation and cell wall
integrity. The lethality of the AtTOR gene disruption called for alternative strategies to characterize the functions of this gene. The
application of chemical inhibitors with specificity to the TOR kinase, as well as TOR silencing in transgenic Arabidopsis based on RNA
interference have proven to uncover diverse biological plant TOR functions. However, prolonged chemical treatment and variable
efficiency of TOR silencing might induce a range of phenotypes, which could hinder interpretations of TOR signaling functions. In this
project two newly identified tor alleles, harboring a missense mutation in the TOR kinase domain, are investigated. Phenotypic analysis of
the tor alleles reveals a consistent alteration of root growth. The tor alleles display different sensitivities to TOR kinase inhibitors
compared to the wild type. Therefore, further analyses of the two tor alleles will provide insight in the role of the TOR pathway in
controlling plant growth. This will potentially help to establish means to modify plant development including biomass production and
plant yield.
Keywords: TOR kinase New alleles
Abstract #93. LRX1: An extracellular chimeric protein important for cell wall development in Arabidopsis thaliana (Submission 101)
1
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1
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The cell wall that surrounds each plant cell is one of the major factors for plant growth and development and largely determines cellular
morphogenesis. Many developmental processes in plants depend on proper cell wall development. A family of extracellular proteins, LRX
(containing a LRR and an extensin domain), have been identified that are expressed in different plant tissues. One of these LRX genes,
LRX1, is involved in root hair morphogenesis because a lrx1 mutant develops aberrant root hairs which frequently abort, swell, or branch.
In order to understand the role of LRX1 in cell wall formation, a suppressor screen was performed on the lrx1 mutant. A number of rol
mutants (repressor of lrx1) were identified that suppress the lrx1 mutant phenotype. For example, rol1 and rol5 reverse lrx1 mutant
phenotype via modifying the pectin structure and TOR signaling, respectively. We have identified new rol mutants that also suppress the
lrx1 mutant phenotype. The genes affected confer stress tolerance in plants. Also, we have seen alterations in ROS levels in the lrx1
mutant which is alleviated by the rol mutants. Hence, this gives us a strong indication the ROL genes are functionally linked to the LRX1.
LRR (Leucine-rich-repeat) domains have been shown to mediate protein-protein interactions for signaling in cells as well as in the cell
wall. It has been established by confocal imaging that the LRR domain of LRX proteins is associated with the plasma membrane, a finding
that was verified by the presence of a LRR-citrine fusion protein in the membrane fractions. This led to a conclusion that the LRR domain
interacts with a binding partner at the plasma membrane that causes anchoring of LRX for its correct function. Therefore, it would be
interesting to find the potential interaction partner(s) of the LRX and help us to elucidate the process these proteins are involved in.
Keywords: LRX; cell wall; LRX interaction partner
Abstract #94. AMP1 controls SAM integrity by limiting HD-ZIPIII transcription factor activity (Submission 110)
1
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1
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The plant shoot apical meristem (SAM) bears a small pool of stem cells, which is responsible for the formation of leaves, stems and
flowers throughout postembryonic growth. In Arabidopsis, mutation in the putative carboxypeptidase ALTERED MERISTEM PROGRAM1
(AMP1) causes severe disturbances in SAM organisation, including the formation of ectopic organizing centres (OCs) in the meristem
periphery. Recently it has been shown that AMP1 impacts on the translational repression of miRNA targets. Such targets include HD-ZIPIII
transcription factors, which determine SAM identity and organisation. In this study we asked whether the amp1-related defects in SAM
organisation are mediated by an enhanced translation of HD-ZIPIII family members. We found that the HD-ZIPIII direct target ZPR3 is
upregulated in amp1 at the transcript and protein level indicating that endogenous HD-ZIPIII activity is increased in amp1. Next we
compared, to which extent amp1 SAMs resemble those of plants with a general increase in meristematic HD-ZIPIII activity by using zpr3
zpr4. Similar to strong amp1 alleles, zpr3 zpr4 seedlings established ring-like expansions of the OC around a central radial, differentiated
domain. Moreover, zpr3 zpr4 and amp1 genetically interacted in a strong synergistic manner in respect to SAM malformation, whereas
ZPR3 overexpression could partially suppress these defect in amp1. Finally, monitoring the tissue-specific expression levels of YFP-tagged
versions of the two HD-ZIPIII TFs PHV and PHB, we found that HDZIPIII protein abundance is increased in amp1, however surprisingly
without a significant alteration in their spatial distribution in leaf primordia or root tissues, which is mainly determined by miRNAs
165/166. Our data suggest that AMP1 controls SAM organisation by limiting HD-ZIPIII expression in a quantitative rather than a spatial
manner.
Keywords: amp1; ZPR3; Shoot apical meristem; HDZIPIII; plant development
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Abstract #95. IOJAP is Necessary for Plant Development at Low Temperature by Mediating Chloroplast Development in Arabidopsis
thaliana. (Submission 111)
1
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1
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Translation in plastids is a crucial component in plant development. Most mutations of the chloroplast translation machinery are lethal or
present a severe phenotype. Recently, we discovered that mutants in the IOJAP gene, encoding a chloroplast ribosome associated
protein, appears normal at optimal conditions but lead to growth defects at low temperatures (12˚C and 4˚C). These defects manifested
as an overall reduction of plant growth as well as chlorosis and hyponasty in leaves. However, measurement of photosynthetic capacity
revealed a decrease of photosynthetic capacity in young leaves of iojap mutants at optimal conditions as well as low temperatures.
Chloroplast development during de-etiolation also showed a delay in the establishment of photosynthetic capacity compared to WT. We
conclude that loss of IOJAP resulted in a chloroplast development defect, which is exacerbated when exposed to low temperatures that
secondarily affects photosynthesis and plant growth.
Keywords: Chloroplast Biogenesis; Chloroplast translation; Cold stress
Abstract #96. Cross-species functional diversity within the PIN auxin efflux protein family (Submission 113)
1
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The directional transport of auxin creates concentration maxima and paths of transport that provide positional, polarity, and growth
regulatory cues throughout development. In Arabidopsis, the polar-localized auxin transport protein PIN-FORMED1 (AtPIN1) is required
to coordinate development during flowering. However, Arabidopsis has a derived PIN family structure; the majority of flowering plants
have retained a clade of PIN proteins phylogenetically sister to PIN1, the Sister-of-PIN1 clade (SoPIN1), which has been lost in the
Brassicaceae, including Arabidopsis. Based on PIN localization in Brachypodium distachyon and Zea mays, which have both SoPIN1 and
PIN1 clades, we previously proposed that the organ initiation and vein patterning roles attributed to AtPIN1 were shared between the
SoPIN1 and PIN1 clades in grasses. Here we show that sopin1 and pin1b mutants have distinct phenotypes in Brachypodium and thus the
two clades are not functionally equivalent. sopin1 mutants have severe organ initiation defects similar to Arabidopsis atpin1 mutants,
while pin1b mutants initiate organs normally but have increased stem elongation. Heterologous expression of Brachypodium SoPIN1 and
PIN1b in Arabidopsis atpin1 mutants provides further evidence for functional distinction. SoPIN1 but not PIN1b can complement null
atpin1 mutants, while both SoPIN1 and PIN1b can complement an atpin1 missense allele with a single amino acid change. The different
localization behaviors of SoPIN1 and PIN1b when expressed in Arabidopsis provide insight into how PIN membrane accumulation, tissuelevel protein accumulation, transport activity, and interaction, all contribute to the polarization dynamics that distinguish PIN family
members. Combined, these results suggest that the PIN polarization and trafficking behaviors required for organ initiation differ from
those required for other PIN functions in the shoot, and that in most flowering plants these functions are split between two PIN clades.
Keywords: evo-devo; auxin; organ initiation; Brachypodium; computational modeling
Abstract #97. Gene regulatory networks controlling stem cell regulation in the Arabidopsis thaliana root (Submission 114)
1
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Development in multicellular organisms requires not only the production of specialized cell types but also mechanisms of coordination
among them. Stem cells are ultimately the source of all cell types, and the balance between self-renewal and differentiation of their
progeny regulates organ growth. Transcription factors and cell-to-cell signaling have a key role in coordinating these processes; however,
how these transcriptional networks control plant development is not completely understood. Thus, we aim to predict Gene Regulatory
Networks (GRNs) important for stem cell regulation in the Arabidopsis root. We obtained a transcriptomic profile of all of the stem cell
populations in the root using Fluorescence Activated Cell Sorting (FACS) coupled with RNA sequencing (RNA-seq). Of the 8200 genes
enriched in the SCN, we found 6900 genes (84%) are expressed in 1-2 stem cell populations, while the remaining 1300 (16%) are
expressed in 3 or more stem cells. To investigate how these specific and general regulators interact, we developed a computational
pipeline that can infer GRNs from transcriptomic data. This pipeline combines spatial clustering, regression tree inference, and a
directionality algorithm to predict the relationships between genes. We then used motif analysis to identify the most important genes in
the network for biological validation. Our computational pipeline predicts 550 genes (7%) and 150 transcription factors (2%) that are
important for stem cell regulation in the Arabidopsis root. Further, both genes expressed in 1-2 stem cells as well as genes expressed in 3
or more stem cell types have shown T-DNA mutant phenotypes in the root. Our results suggest that both genes that regulate specific
stem cells and genes that regulate the entire SCN are important for proper Arabidopsis root development.
Keywords: root stem cell niche; fluorescence activated cell sorting; cell specific expression profile; gene regulatory network inference
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Abstract #98. Role of Carbonic Anhydrases in Anther Cell Differentiation as Downstream Players of the EMS1 Receptor Kinase
(Submission 115)
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Carbonic anhydrases (CAs) catalyze the rapid, reversible reaction CO2+H2O↔HCO3‾+H+. In animals, CAs are important for various
processes in normal and especially pathological states, such as gluconeogenesis, lipogenesis, ureagenesis, and tumor formation. In plants,
CAs involve in photosynthesis and CO2-regulated stomatal movement; however, little is known about the CA function in plant
development. In flowering plants, successful sexual reproduction depends on the normal development of anther. Within each of four
lobes (microsporangia) in a mature anther, the central reproductive microsporocytes are surrounded by four concentrically organized
somatic cell layers: epidermis, endothecium, the middle layer, and tapetum. In particular, the tapetum is essential for pollen
development and release. Our previous studies show that the EMS1 (EXCESS MICROSPOROCYTES1) LRR-RLK and its ligand TPD1
(TAPETUM DETERMINANT1) are required for differentiation of somatic tapetal cells and reproductive microsporocytes during early
anther development in Arabidopsis. Here, we report identification of β-carbonic anhydrases (βCAs) as the direct downstream targets of
EMS1. EMS1 biochemically interacts with βCA proteins. Loss-of-function of βCA genes causes defective tapetal cell differentiation, while
overexpression of βCA1 leads to the formation of extra tapetal cells. EMS1 phosphorylates βCA1 at four sites, resulting in the
enhancement of βCA1 activity. Furthermore, the phosphorylation blocking mutation impairs the βCA1 function to recover tapetal cell
differentiation in the βCA loss-of-function mutant, while the phosphorylation mimic mutation promotes the formation of tapetal cells.
Moreover, βCAs are involved in tapetal cell pH regulation. Our findings not only highlight a novel role of βCA in controlling cell
differentiation during anther development, but also provide new insight into the post-translational modification of carbonic anhydrases
via the receptor kinase mediated phosphorylation.
Keywords: carbonic anhydrases; anther cell differentiation; receptor-like kinase; phosphorylaltion
Abstract #99. The role of receptor kinase ERECTA in Shoot Apical Meristem development (Submission 118)
1
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The shoot apical meristem (SAM) houses stem cells and is a source of all aerial plant organs. Different regions of the SAM have
specialized roles. The central zone maintains stem cell population. Cells of the peripheral zone are incorporated into leaves, flowers and
outer layers of the stem while cells of the rib zone into the pith. An accurate balance between cell proliferation and cell differentiation in
the SAM requires cell-to-cell communications. One of the signaling pathways regulating SAM size, leaf initiation, and phyllotaxy includes
ERECTA family genes (ERfs). The ERfs encode leucine-rich repeat receptor-like kinases and in Arabidopsis this family consist of ERECTA
(ER), ERECTA-LIKE1 (ERL1) and ERL2. The ligands of ERfs belong to a family of 11 small secreted peptides known as the EPIDERMAL
PATTERNING FACTOR / EPIDERMAL PATTERNING FACTOR LIKE (EPF/EPFL) proteins. Using different meristematic promoters, we
uncovered that expression of ERECTA in the central zone of the SAM is sufficient to rescue majority of growth related deficiencies of the
er erl1 erl2 mutant. Analysis of EPF/EPFL gene expression and of selected higher order mutants identified ligands that are likely to be
sensed by ERfs in the SAM. Our findings shed light on how ERfs function in the SAM, and uncover a new role for previously characterized
and uncharacterized EPF/EPFL genes.
Keywords: ERECTA family; Receptor kinases; Shoot apical meristem; EPFL family; small secreted peptides
Abstract #100. Protein destinations in Arabidopsis, within and between organelles (Submission 136)
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Understanding why and how proteins reach cellular destinations is central to understanding how biological systems are regulated. A
protein may traffic to multiple functional locations, adopting in different function in each location. It may reach these destinations
directly or via the secretory pathway, and show restricted localization within a compartment. The LOPIT technique (1) can reveal spatial
clustering of proteins within organelles and identify multi-localized proteins. The recent advances which constitute hyperLOPIT are yet to
be applied to Arabidopsis, whose whole-cell spatial proteome has not been updated since 2006 (2). We are currently updating the
Arabidopsis LOPIT spatial proteome map using a partially photosynthetic cell line, and can report resolution of the chloroplast envelope
and thylakoid, as well as ER, Golgi and TGN. Mapping complex trafficking pathways in the secretory system, however, requires even
greater resolution than is possible with hyperLOPIT. Using electrophoresis, we have separated the early (ER, cis-Golgi) middle (medial
Golgi) and late (trans-Golgi) secretory pathway, along with post-Golgi and PM vesicles. This has revealed diverse trafficking pathways for
resident proteins, distinct from trafficking pathways for cargo and chaperones. We have defined proteomes for the cis-, medial and transGolgi, and two ER categories. The distribution of residue charge, size, hydrophobicity and polarity within and around the transmembrane
region is associated with different trafficking pathways, and likely define the fate of proteins at the trans-face of the Golgi stack. By
combining sub-organellar and sub-cellular proteomes, we aim to provide a comprehensive overview of the relationship between protein
structure, location and migration within the cell. (1) Christoforou et al. Nature Comm. 2016 PMID: 26754106 (2) Dunkley et al. PNAS 2006
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Abstract #101. Cis- and trans-factors involved in the targeting of Korrigan 1 (KOR1) to multiple organelles in Arabidopsis (Submission
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KOR1, a highly N-glycosylated plant beta-1,4-glucanase involved in cellulose synthesis predominantly localizes in the trans-Golgi network
(TGN) and at the plasma membrane (PM) in root cells of Arabidopsis. N-glycosylation defects caused by stt3a-2 mutation alter subcellular
distribution of KOR1 and promotes accumulation of KOR1 in the Tonoplast (TP) as well as the TGN and the PM. Similarly, slow growth
and temperature-sensitive rsw2-1 allele produces a KOR1 variant that accumulates in the TP. As the first step to understand functional
connection between subcellular localization profile of KOR1 and plant growth, in this study, we analyzed the KOR1 sequence motifs and
genetic mutations that affect subcellular localization of KOR1. We found a proline rich region (P-motif) in the C-terminus of KOR1 and the
previously reported di-leucine (LL) motif at cytoplasmic domain have major impacts on subcellular localization of KOR1. Deletion of Pmotif (∆P) promoted TP accumulation whereas amino acid replacement in LL motif produced exclusive labeling of KOR1 at the
PM. Hierarchical relationship between two motifs are currently analyzed by combining two mutations. To identify factors that affect
KOR1 localization via N-glycan modifications in secretory pathway, we conducted forward genetic screening. EMS-mutagenized
Arabidopsis expressing GFP-KOR1 were screened for hypersensitivity to kifunensine, an alfa-mannosidase I inhibitor, and individuals with
altered GFP-KOR1 localization profiles were identified. These mutants are expected to reveal how KOR1 sequence motifs are recognized
by the cell to target KOR1 to each subcellular compartment.
Keywords: subcellular localization; N-glycosylation; screening
Abstract #102. The genetical origins of the fractal morphologies in cauliflower curds (Submission 141)
1
Eugenio Azpeitia , Gabrielle Tichtinsky, Marie Le Masson, Etienne Farcot, Christophe Godin, Francois Parcy
1
INRIA, France
Fractals are fascinating mathematical objects that have complex properties, such as a non-integer dimension and self-similarity at infinite
scales, but that can be produced with extremely simple algorithms. Interestingly, nature has created many fractal-like structures,
including lungs, certain cancer morphologies, fern leaves, among many more. However, in contrast to mathematical fractal, biological
structures are produced through extremely complicated developmental processes. This raises the question of how are the developmental
processes capable to produce fractal morphologies in biological systems? It is already well known that in biological systems, gene
regulation is fundamental for developmental process. Cauliflower curds are fractal-like structures, which can be produced in Arabidopsis
thaliana by mutating two homologous genes, APETALA1 (AP1) and CAULIFLOWER (CAL). AP1 and CAL participate in the determination of
the flower meristem during the flowering transition. Thus, cauliflower curds provide an excellent opportunity to study which and to
understand the genetic bases of fractals by studying the genetic regulation of the flowering transition. In this work we provide, for the
very first time, an explanation of how a biological genetic process regulates development of fractal morphologies at a macroscopic scale.
Combining mathematical modeling and experimental approximations we study (1) the effect of the ap1/cal mutation over the molecular
process regulating the flowering transition, (2) how this mutation can transform flowers, which are a terminal state, into a fractal-like
structure, (3) how does the spectacular fractal shape of the Romanesco curds genes regulate could appear due to changes in the model
parameters, and (4) experimentally study the effect of modifying known genetic regulators of these parameters.
Keywords: Gene regulatory network, systems biology, plant architecture, multi-level modelling, fractals
Abstract #103. Regulation of Arabidopsis flower development by the transcription factor AINTEGUMENTA (Submission 147)
1
Beth Krizek , Blakley, Ivory, University of North Carolina at Charlotte, Loraine, Ann, University of North Carolina at Charlotte
1
Univ. of South Carolina, United States
Understanding how flowers form is an important problem in plant biology, as the human food supply depends on flowers and seed
production. Genetic analysis of Arabidopsis has shown that the transcription factor AINTEGUMENTA (ANT) plays a key role in floral organ
growth. In concert with partially redundant AINTEGUMENTA-LIKE (AIL) proteins, ANT regulates flower organ initiation, identity
specification, and patterning. Using RNA-Seq analysis of mutant floral buds, we identified thousands of genes that depend on ANT and/or
AIL6 for expression. However, the direct targets of ANT binding remain unknown. To identify these targets, we generated lines containing
a steroid-inducible form of ANT (35S:ANT-GR) and analyzed them using RNA-Seq. Interestingly, only a small number of genes were
changed after two hours of ANT induction, but after eight hours, many more genes were changed. Of these, 122 genes showed opposite
regulation in 35S:ANT-GR and ant ail6. Further experiments on a subset of these genes found that some of them were also differentially
expressed in ANT:ANT-GR ant inflorescences and that this differential expression was independent of protein synthesis. Thus our study
has likely identified several direct targets of ANT regulation in flowers.
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Abstract #104. ATG14 guides PI3K complex I to regulate early autophagic events in Arabidopsis (Submission 149)
1
Fen Liu , Faqiang Li, South China Agricultural University, Guangzhou, China, Richard D. Vierstra, Washington University in St. Louis, St.
Louis, MO
1
Washington University in St. Louis, United States
Autophagy is a conserved pathway in eukaryotes that engages a complex machinery to deliver and recycle intracellular constituents in
the vacuole. As one of core protein complexes needed for autophagy, the four-subunit class III phosphatidylinositol 3-kinase (PI3K)
complex is responsible for decorating the enveloping autophagic vesicles with phosphatidylinositol 3-phosphate (PI(3)P), which is then
used to recruit downstream components. Two types of PI3K complexes are present in plants, yeast, and animals; they share three
subunits: ATG6, VPS34, and VPS15, with the fourth subunit determining whether the kinase participates in autophagy (ATG14) or in
vacuolar protein sorting (VPS38/UVRAG). Consequently, the study of ATG14 versus VPS38 provides an ideal method to study the specific
role(s) of PI3P in plant autophagy. As predicted, Arabidopsis ATG14a/b interacts with its immediate partner ATG6 by both Y2H and
BiFC. Via CRISPR/Cas9 gene editing, we generated a library of likely null mutants affecting the two Arabidopsis loci expressing
ATG14. While the single mutant plants appear wild type, the double atg14a atg14b plants display phenotypes typical of autophagy
mutants, including early senescence and a hypersensitivity to N and fixed-C starvation. While the plants can synthesize normal levels of
the ATG12-ATG5 conjugate and the lipidated form of ATG8, they are unable to accumulate ATG8-decorated autophagic bodies as
determined by confocal fluorescence microscopy of a GFP-ATG8 reporter and poorly deliver GFP-ATG8 to the vacuole. Interestingly, the
atg14a atg14b plants are less sensitive to fix-C starvation than mutants missing core autophagy components, as are component of the
ATG2-ATG18 complex that delivers lipids to the expanding vesicles. Taken together, it appears that distinct autophagic routes regulated
by the PI3K complex might be active during N and fixed-C starvation in plants.
Abstract #105. Efficient selection of antibody fragments using phage display and exhaustive yeast two-hybrid screening (Submission
153)
1
Petra Tafelmeyer , Moutel, Sandrine, Translational Research Department, Institut Curie, Paris, France, Djander, Selma, Translational
Research Department, Institut Curie, Paris, France, Collura, Vincent, Hybrigenics Services, Paris, France, Arrial, Alexis Arrial, Hybrigenics
Services, Paris, France, Jupin, Isabelle, Institut Jacques Monod, Paris, France, Olichon, Aurélien, INSERM, CRCT, Toulouse, France, Perez,
Franck, CNRS UMR144, Institut Curie, Paris, France, Rain, Jean-Christophe, Hybrigenics Services, Paris, France
1
Hybrigenics Corp., United States
Antibodies represent central tools in most biological studies to analyze protein localization and function. One of the remaining limitations
is the challenge to make them work inside a living cell. For this purpose intrabodies can be selected as powerful tools to answer complex
biological questions, as has been shown for example with a conformational intrabody recognizing specifically the GTP-bound form of the
small GTPase Rab6 (1), GTP-tubulin (2), or farnesylated PSD95 (3). So far, the access to intrabodies was limited to highly trained lab
specialists in this field. We have therefore set up a new platform for intrabody screening and designed for this purpose a fully synthetic
humanized naïve Llama VHH library containing 3x10exp9 antibodies, based on a unique scaffold with random complementary
determining regions (CDRs). We use a combination of phage display and subsequent yeast two-hybrid (Y2H) screening to identify
antibodies against native antigens and eventually intrabodies. The VHH clones are directly accessible and the recombinant antibodies can
be produced as fusions to either a human, mouse or rabbit Fc domain (4). We successfully selected from this library VHH against a variety
of antigens including large proteins, haptens and receptors directly selected from cell surface expression. The affinity of our VHH is similar
to the affinity of antibodies selected after animal immunization. Using only a single round of phage display followed by one round of Y2H
screening we were able to significantly enrich the selection in intrabodies. In addition, we took advantage of yeast genetics to further
study and characterize the selected intrabodies (5). Here this technique will be exemplified with the selection of intrabodies against
USP7, HER2 and a protein from a plant virus. 1) Nizak C. et al. Science 2003, 300: 984 2) Dimitrov A. et al. Science 2008, 322: 1353 3)
Fukata Y et al. J. Cell Biol. 2013, 202: 145 4) Moutel S. et al. BMC Biotechnology 2009, 9: 14 5) Moutel S et al. eLife 2016, 5:e16228
Keywords: intrabody, nanobody, phage display, yeast two-hybrid
Abstract #106. The Arabidopsis flowering regulator CONSTANS binds DNA in a heterotrimeric complex that is analogous to NF-Y
complexes (Submission 158)
1
Ben Holt , Gnesutta, Nerina, Università degli Studi di Milano, Kumimoto, Roderick, UC Davis, Swain, Swadhin, University of Oklahoma,
Chiara, Matteo, Università degli Studi di Milano, Siriwardana, Chamindika, University of Oklahoma, Chiara, Matteo, Università degli Studi
di Milano, Horner, David, Università degli Studi di Milano, Mantovani, Roberto, Università degli Studi di Milano
1
University of Oklahoma, United States
The transition between vegetative and reproductive growth (i.e., flowering), as well as many circadian clock-regulated processes, relies
on the actions of DNA-binding CCT (CONSTANS (CO), CO-Like, TOC1) domain proteins. For more than a decade we have known that CCT
proteins share significant identity with NF-YA proteins. NF-YA, NF-YB, and NF-YC proteins form the heterotrimeric NF-Y transcription
factor that binds DNA with high specificity at CCAAT elements. NF-YA makes all the direct contacts with CCAAT, while the histone fold
domain (HFD) proteins (NF-YB and NF-YC) stabilize DNA binding, making less specific contacts with bases flanking CCAAT. Here we used a
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combination of serial mutagenic EMSA, RNA-Seq, ChIP, and traditional genetics to demonstrate that a unifying molecular mechanism of
CO function relates it to the NF-YA paradigm, as part of a trimeric complex imparting sequence-specificity to HFD/DNA interactions that
we term NF-CO. NF-CO preferentially binds to CCACA, an element that is closely related to CCAAT and identical to the previously
described morning element. Examination of a previously developed NF-Y/CCAAT crystal structure highlights a single amino acid as
responsible for the binding specificity differences between NF-Y and NF-CO. HFD mutations that specifically disrupt NF-Y function also
disrupt NF-CO function in both in vitro DNA binding and in vivo flowering assays. Further, a previously described strong mutant allele of
CO abolishes NF-CO binding at CCACA, and our data suggests that most published CCT mutations impact DNA binding. It is likely that most
members of the CCT family participate in similar complexes with NF-YB and NF-YC, vastly broadening HFD combinatorial possibilities in
terms of trimerization, DNA-binding specificities, and transcriptional regulation.
Keywords: CONSTANS; CCT; NF-Y; Flowering; Transcriptional Regulation
Abstract #107. Compartmentation of Putrescine biosynthesis in plants (Submission 161)
1
Menaka Ariyaratne , Jigar Patel, Sheaza Ahmed, Paul Morris
1
Bowling Green State University, United States
A distinguishing feature of eukaryotic cells is the presence of membrane-bound organelles and vesicles. In plants, these cellular rooms
have multiple functions that enable the specialized compartmentation of metabolic processes such as carbon fixation, respiration, energy
capture and biosynthesis of primary metabolites. An additional feature of plant metabolism is the redundancy of certain metabolic
pathways. This is also the case for putrescine biosynthesis. Putrescine is an essential metabolite in plants and there are two biosynthetic
pathways to synthesize putrescine. In the first pathway, Ornithine decarboxylase (ODC) converts ornithine directly to putrescine in the
ER. A second route utilizes arginine decarboxylase (ADC) to convert arginine to agmatine, and two additional enzymes, agmatine
deiminase (AI) and N-carbamoyl putrescine aminohydrolase (NLP1) to complete this pathway in the cytosol. Here we show that plants
can use ADC and arginase/agmatinase (ARGAH) to provide a third route for putrescine synthesis in the chloroplast. Transformation of
AtADC2 and arginases from A. thaliana and soybean (AtARGAH1, AtARGAH2 or GmARGAH ) into a yeast strain deficient in ODC, fully
complemented the WT phenotype. HPLC analysis of in vitro assays of AtADC1 and AtARGAH2 confirmed that these enzymes function in
concert to convert arginine to agmatine and putrescine. Confocal microscopy experiments show that both soybeans and A. thaliana have
a plastid localized putrescine pathway. Experimental support for this pathway also comes from the fact that the expression of AtARGAH,
and not AtAIH or AtNLP1, clusters with AtADC2 in response to drought, oxidative stress, wounding, and methyl jasmonate treatments.
Based on the high affinity of ARGAH2 for agmatine, its co-localization with ADC2, and typical levels of arginine in plant tissues, we
propose that these two enzymes are the major contributors to putrescine synthesis in many stress responses of A. thaliana.
Keywords: Polyamine biosynthesis
Abstract #108. Molecular Requirements for MLO-Mediated Communication During Pollen Tube Reception (Submission 162)
1
Daniel Jones , Yuan, Jing, Purdue University, Smith, Benjamin, UC Berkley, Kessler, Sharon, Purdue University
1
University of Oklahoma, United States
Intercellular communication regulates essential developmental processes and complex signaling events within multicellular organisms. In
flowering plants, cell-cell communication is crucial for successful reproduction as processes regulating pollination (including pollen tube
(PT) attraction/reception) and subsequent fertilization require such interactions. In Arabidopsis thaliana, the Mildew resistance locus o
(MLO) family protein NORTIA (NTA) has been identified as a critical component regulating communication during PT reception. In the
nortia (nta-1) mutant, PT-synergid cell communication is disrupted in ~30% of ovules, resulting in reduced seed set. MLO proteins were
first described as susceptibility factors involved in powdery mildew pathogenesis; however, the molecular function of MLO proteins
remains unresolved. In this study, the requirements for MLO function during PT reception were explored through a functional analysis of
divergent MLO proteins and chimeric MLO fusions ectopically expressed in the synergid cells of nta-1. MLO8, closely related to NTA, was
incapable of rescuing nta-1’s unfertilized ovule phenotype, while the more distantly related MLO, MLO2, was able. A FRET-based
interaction assay revealed that NTA forms homo-oligomers in planta and that disruption of its N-terminal domain reduced these
interactions, suggesting functional significance. Interestingly, the MLO proteins that could function in PT reception all partially colocalized with a Golgi marker in the synergid cell prior to PT arrival. A previous study showed that NTA polarly redistributes to the site of
first contact between the PT and synergid cell. While this redistribution was not conserved with every MLO analyzed, our results suggest
that polar movement of MLOs during PT reception can be linked to canonical endomembrane trafficking. A set of endomembrane
markers specifically expressed within the synergid cell was generated to assess MLO subcellular localization.
Abstract #109. The role of the shoot apical meristem in vegetative phase change (Submission 164)
1
Jim Fouracre , Poethig, Scott, University of Pennsylvania
1
University of Pennsylvania, United States
While the molecular mechanism that regulates vegetative phase change (the transition from juvenile to adult vegetative growth) is
increasingly well described, how this mechanism operates spatially within the shoot apex is poorly understood. Leaf ablation and apex
culture studies have suggested a role for pre-existing leaf primordia in determining the identity of later leaves. However, the precocious
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phenotype of loss-of-function wuschel (wus) plants, which immediately produce adult leaves, suggests an intrinsic role for the shoot
apical meristem (SAM) in the maintenance of juvenility, and also implies that leaf primordia are not required to promote vegetative
phase change. Our identification of a loss-of-function clavata1 allele in a mutant screen for juvenilized plants provided further support
for a role for WUS in the regulation of leaf developmental state. Here, we present an analysis of the role of WUS and, more broadly, the
SAM in determining leaf developmental age. Gene expression analyses show that WUS is likely to act in parallel to the miR156-SPL
pathway, the major regulator of vegetative phase change. Analyses of additional mutants with meristematic defects, as well as ablation
of the SAM, suggest that the role of WUS in the specification of leaf identity is likely to be indirect. Our results indicate that the SAM is
required for the repression of SPL function in leaves produced early in shoot development, and that localized expression of miR156 within
the SAM can partially complement loss of miR156 across the shoot apex. However, the SAM plays a relatively small role in the regulation
of vegetative phase change. Instead, this process is largely determined by regulatory factors that operate within and between leaves.
Keywords: vegetative phase change; miR156; wuschel; leaf development; shoot apical meristem
Abstract #110. Characterizing new Arabidopsis microtubule plus-end tracking proteins (Submission 166)
1
Rachappa Balkunde , Dixit, Ram, Washington University in Saint Louis
1
Washington University in St.Louis, United States
Microtubule plus-end tracking proteins (+TIPs) localize to growing microtubule plus-ends and regulate microtubule polymerization
dynamics and interactions with other cellular structures. The End Binding 1 (EB1) proteins are an evolutionarily and structurally
conserved class of +TIPs found in plants, animals and fungi. EB1 function in animals and fungi relies on its interactions with a host of other
proteins. However, most of these proteins are either missing in plants or have not been demonstrated to interact with plant EB1. Given
the distinct behavior and architecture of plant microtubule arrays, we hypothesized that plants might have unique EB1-interacting
partners. As a first step towards characterizing the plant microtubule +TIP complex, we employed a yeast two-hybrid screen using the Cterminal domain of A. thaliana EB1b (amino-acids 162-293) as bait against a prey library from Arabidopsis seedling cDNA. We identified
several putative EB1b-interaction partners. Here, we present a novel family of +TIPs in Arabidopsis consisting of three members, which
we named Microtubule End binding Protein1 (MEP1), MEP2 and MEP3. Live imaging using variable angle epifluorescence microscopy
showed that MEP1 and MAP3 localize to the growing plus-ends of cortical microtubules. Further analysis of MEP1 showed that it
interacts directly with all three members of the Arabidopsis EB1 family in directed yeast two-hybrid and pull-down experiments. In
addition, MEP1 itself binds to taxol-stabilized microtubule in-vitro. We found that the central region in MEP1 is sufficient for both EB1
interaction and microtubule binding. Reporter gene analysis showed that MEP1 is preferentially expressed in the vasculature, suggesting
a role in vascular development and/or function. Our ongoing work seeks to understand the mechanism of plus-end tracking by MEP1 and
its role in plant development and growth.
Keywords: Microtubule, Novel Plus end binding protein,
Abstract #111. Branching of the root system is promoted by photosynthesis (Submission 178)
1
Lina Duan , Dinneny, José, Carnegie institution for Science
1
Carnegie Institution for Science, United States
In a tap root system such as Arabidopsis, lateral roots (LRs) are important components in shaping the whole root system architecture.
Here we identified an EMS-induced mutants named presto (prematurely stressed lateral organs), which has greatly reduced LR
emergence, especially under high salinity. Using mapping by sequencing, PRESTO was found to encode a cyclophillin, which is only
expressed in photosynthetic tissues. Fluorescent protein tagging analysis indicates that PRESTO is specifically localized in plastids, which
supports previous work showing that this protein serves as an important regulator of light dependent photosystem assembly. Impaired
photosynthesis may lead to an overall reduction in growth, including primary root elongation and lateral root emergence. These defects
are not simply a consequence of less fixed carbon as adding sucrose to the media is not able to rescue LR emergence. By performing a
metabolomics experiment, we have found dramatic perturbations in primary metabolism, including changes in the levels of sugars, amino
acids and organic acids in presto mutant. Interestingly, we have found that in the mutant, there are significant down-regulations of
various lateral root development related metabolites, like linolenic acid and putrescine, which are also involved in stress and defense
responses in plants. Our findings suggest systemic connections among photosynthesis, root development, and stress response programs.
This work will ultimately lead to a better understanding of how the plant coordinates development of the below ground root system with
light-dependent productivity.
Keywords: photosynthesis; lateral root development; metabolomics; light sensing
Abstract #112. Chloroplast proteolysis in Arabidopsis; functional contributions of ClpP5 and ClpP3 in Clp protease activity (Submission
179)
1
Jui-Yun Liao , Friso, Giulia, Cornell, van Wijk, Klaas J., Cornell
1
Cornell University, United States
The Arabidopsis chloroplast Clp protease system is essential for plant growth and development and consists of ClpC/D AAA+ chaperones,
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substrate adaptors ClpS1 and ClpF and a tetrameric barrel-like serine-type ClpPRT protease. This ClpPRT is composed of non-proteolytic
ClpR subunits, proteolytic ClpP subunits and two ClpT proteins involved in activation of the ClpPR complex. Although the stoichiometry of
these subunits in Clp (P1:P3:P4:P5:P6:R1:R2:R3:R4=3:1:2:3:1:1:1:1:1) is known, the detailed mechanism of how each subunit contributes
to Clp barrel structure and proteolysis remains unclear. Using site-directed mutagenesis and complementation of clp mutants, we
showed that wild type ClpP3 or the catalytically inactive ClpP3S164A recovered the developmental arrest of clpp3-1. Wild type ClpP5, but
not the catalytically inactive ClpP5S193A, rescued the embryo lethal phenotype of clpp5-1. These data suggest that a) ClpP5 is critical for
catalytic function and b) ClpP3 is important for Clp structure but that its catalytic role is dispensable.
Keywords: chloroplasts, caseinolytic protease (Clp), ClpP3, ClpP5, protein homeostasis
Abstract #113. SnRK1 phosphorylation of FUSCA3 regulates embryo growth rate, seed yield and plant growth at high temperature in
Arabidopsis (Submission 181)
1
Sonia Gazzarrini , Chan, Aaron, Carianopol, Carina, Tsai, Allen Yi-Lun, Varathanajah, Kresanth, Chiu, Rex Shun
1
University of Toronto, Canada
The transcription factor FUSCA3 (FUS3) acts as a major regulator of seed maturation in Arabidopsis. FUS3 is phosphorylated by the SnRK1,
a conserved eukaryotic kinase complex involved in energy homeostasis. Here we show that AKIN10 and FUS3 share overlapping
expression patterns during embryogenesis, and that FUS3 is phosphorylated by AKIN10 during early embryogenesis. To understand the
role of FUS3 phosphorylation, we generated fus3-3 plants carrying FUS3 phosphorylation-null (FUS3 S>A) and -mimic (FUS3 S>D) variants.
While FUS3 S>A and FUS3 S>D rescued all fus3-3 seed maturation defects, FUS3 S>A showed reduced transcriptional activation and
enhanced fus3-3 previously uncharacterized phenotypes. FUS3 S>A embryos displayed increased seed abortion and delayed embryo
development and correlated with a 50% decrease in seed yield. At elevated temperature, FUS3 S>A phenotypes were exaggerated and
next generation seedlings grew poorly. Accordingly, the akin10 and akin11 mutants displayed a frequency of seed abortion similar to
fus3-3. Collectively, these results suggest that FUS3 phosphorylation by SnRK1 is required for correct embryo development and
integration of environmental cues to ensure the survival of the next generation.
Keywords: SnRK1; AKIN10; FUSCA3; embryo development; seed abortion; high temperature
Abstract #114. An inference approach combines spatial and temporal gene expression data to predict gene regulatory networks in
Arabidopsis stem cells (Submission 192)
1
Ross Sozzani , M. Angels De Luis Balaguer, Adam Fisher, Natalie Clark, Cranos Williams, Oscar Lorenzo Sanchez, Dolf Weijers
1
NCSU, United States
Identifying the transcription factors (TFs) and associated regulatory processes involved in stem cell regulation is key for understanding the
initiation and growth of tissues and organs. Although many TFs have been shown to have a role in the Arabidopsis root stem cells, a
comprehensive view of the transcriptional signature of the stem cells is lacking. In this work, we used spatial and temporal transcriptomic
data to predict interactions among the genes involved in stem cell identity, function, and maintenance. For this, we transcriptionally
profiled several stem cell populations and developed a gene regulatory network (GRN) inference algorithm that combines clustering with
Dynamic Bayesian Network (DBN) inference. We leveraged the topology of our networks, which grants them robustness to random
disruptions and susceptibility to the loss of hubs, to infer potential key regulators. We experimentally validated and mathematically
modelled some of our predictions. We used gene expression and chromatin immunoprecipitation data to confirm genes predicted to be
downstream of the main node of the xylem network. Moreover, among the main nodes in the quiescent center (QC) network, we
identified PERIANTHIA (PAN) playing a role in QC function and stem cell maintenance. The results presented in this work show that our
combination of molecular biology approaches, computational biology and mathematical modeling was key to identify candidate factors
that function in the stem cells.
Abstract #115. Characterization of the hypergravitropic Arabidopsis mutant gravity persistent signal 5 (gps5) (Submission 227)
1
Darron Luesse , Erica Bohmer, Ha Huynh, Donald Von Kannon, Matthew Egan, Joshua Kinser
1
Southern Illinois University Edwardsville, United States
The ability to sense and respond to gravity is a critical component of plant growth and development from seed to flowering. The gravity
persistent signal (gps5) mutant of Arabidopsis thaliana was discovered in a screen for mutants that showed altered gravitropism after a
cold gravity treatment. After a horizontal cold treatment, inflorescence stems placed vertically at room temperature respond with a
faster response of greater magnitude. This mutant also shows increased root slanting, faster growth, and enhanced hypocotyl and root
gravitropism. Microarray analysis of gps5 indicates that a glycosyltransferase gene is severely downregulated. Subsequent PCR analysis
revealed the presence of a small deletion within this gene. Deep sequencing revealed four additional candidate loci which are currently
being analyzed. In addition, mutants from other genes identified in the microarray have been analyzed. An Arabinogalactan protein was
shown to be upregulated in the mutant, but does not show an altered GPS response. However, a T-DNA insertion in the coding region of
a far-red hypocotyl like mutant does produce a reduced GPS response, while an insertion in the 3’ UTR does not.
Keywords: Gravitropism; glycosyltransferase; Far-Red
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Abstract #116. Chemical and physical signals in the control of early photomorphogenesis in Arabidopsis (Submission 229)
1
Ankit Walia , Annalisa Rizza, Alexander Jones
1
The Sainsbury Laboratory, University of Cambridge, United Kingdom
A major challenge in plant biology is to understand how multicellular plants integrate dynamic developmental and environmental inputs
to drive cellular responses. These cellular responses are well orchestrated across the spatial and temporal scales to enhance tissue- and
organ-level functionality. We are using photomorphogenic hypocotyls as a model to elucidate how changes in hormonal levels and
mechanical properties of the cell wall are altered to drive cellular growth associated with early photomorphogenesis. To this end, we are
mapping the spatiotemporal patterns of the plant growth regulator gibberellin (GA) using the nlsGPS1 biosensor alongside cellular growth
rates and cell wall mechanics using Atomic force microscopy (AFM). Using long-term co-imaging of such photomorphogenic hypocotyls
expressing nlsGPS1 and a fluorescent plasma membrane marker, we have found regions of both rapid GA accumulation and accelerated
cell elongation after exposure to light. We aim to systematically characterize the regulatory role of specific accumulations of GA in the
dynamic cellular growth rates of photomorphogenic hypocotyls using iterative morphodynamic modeling and high-resolution
interventions into GA spatiotemporal patterns.
Keywords: Hormones, cell wall, cell biology, cellular growth, photomorphogenesis
Abstract #117. PLK1, a receptor-like kinase, is required for root patterning and, in different cell types, localizes to distinct plasma
membrane domains (Submission 238)
1
Jaimie Van Norman , Roya Campos, Jason Goff
1
University of California, Riverside, United States
During plant development, intercellular communication serves a critical role in coordination of asymmetric cell divisions and differential
cell fate specification. In the plant root, the consequences of these processes on organ morphology are elegantly displayed. Frequently,
directional signaling is proposed to have a key role in asymmetric cell divisions and in tissue polarity; yet, proteins with polar localization,
beyond those involved in auxin or nutrient transport, are largely missing in action. Furthermore, although roughly half of the asymmetric
cell divisions in root patterning are oriented parallel to the growth axis, proteins localized to the lateral plasma membrane domains are
exceedingly rare. We have identified a transmembrane receptor-like kinase, POLARLY LOCALIZED KINASE 1 (PLK1), that is required for
normal root patterning. plk1 mutants have root patterning defects that appear to arise from disordered asymmetric cell divisions in the
ground tissue. PLK1:GFP fusions are polarly localized in lateral plasma membrane domains in embryonic and root tissues. Unexpectedly,
PLK1 lateral polarity appears to vary with cell type and is maintained under a variety of conditions that disrupt polar localization of other
transmembrane proteins. However, examination of PLK1 localization in root development mutants suggests its polar localization depends
not on cell identity, but on cell-cell communication. We propose that PLK1 perceives directional cues that inform the spatiotemporal
regulation of key asymmetric cell divisions in root patterning.
Keywords: root patterning; asymmetric cell divisions; intercellular signaling; cell polarity
Abstract #118. Sorting of tail-anchored proteins to different membranes in chloroplasts (Submission 292)
1
Donna Fernandez , Anderson, Stacy A., UW-Madison
1
University of Wisconsin-Madison, United States
Most bacteria, including cyanobacteria, contain one Sec translocase that moves secretory proteins across membranes or integrates
membrane proteins. In contrast, plant chloroplasts contain two SEC translocases, which localize to different membranes. The chloroplast
SEC translocases have two membrane components: SCY, with ten transmembrane domains; and SECE, with one transmembrane domain
and a short C-terminal tail. The SECE components belong to the class of membrane proteins known as tail-anchored proteins. We have
transiently expressed and imaged GFP-SECE fusion proteins in leaf protoplasts to investigate the targeting process. Despite their small
size, we find that SECE proteins target exclusively either to the inner envelope (SECE2) or thylakoids (SECE1). We have used domain
swapping to create SECE1-SEC2 chimeric molecules and determined that targeting determinants are largely associated with the
transmembrane domain and tail. In our search for stroma-based factors that may be involved, we identified the chloroplast-localized
homolog of Get3 (Guided Entry of Tail-anchored proteins 3), the eukaryotic cytosolic chaperone that handles tail-anchored proteins, as a
top candidate. We are testing the hypothesis that GET3B contributes to targeting of SECE1 and/or SECE2 through a combination of coimmunoprecipitation experiments and genetic analyses. Results from these on-going experiments will be presented. Supported by NSF
MCB-1158173 (DF) and DGE-1256259 (SA).
Keywords: protein targeting; chloroplasts
Abstract #119. Synergistic regulation of shoot apical meristem by ERf and CLAVATA signaling pathways (Submission 309)
1
Liang Zhang , Shpak, Elena, Department of Biochemistry, Cellular and Molecular Biology, University of Tennessee, Knoxville, TN
1
University of Tennessee, United States
The shoot apical meristem (SAM) is a dynamic structure that enables the formation of new organs throughout the life of a plant. The
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ability of the SAM to maintain its size depends on a negative feedback loop between the CLAVATA1/CLAVATA3 (CLV1/CLV3) signaling
pathway and the transcriptional factor WUSCHEL (WUS). Another signaling pathway regulating SAM function involves the ERECTA family
genes (ERfs). In Arabidopsis, this family consists of ERECTA (ER), ERECTA-LIKE1 (ERL1), and ERL2. ERfs are plasma membrane localized
receptors activated by small cysteine-rich proteins transcribed from the epidermal patterning factor/EPF-like gene family. We have
previously demonstrated that the ERf signaling pathway restricts meristem size, promotes leaf initiation and regulates phyllotaxy. Here
we investigate genetic interactions between ERfs, CLV3, and WUS. Remarkably, the simultaneous knockout of ERfs and CLV3 leads to a
tremendously enlarged SAM and completely abolishes leaf initiation and stem elongation emphasizing the synergistic role of these two
signaling pathways in controlling proliferation and differentiation of meristematic cells. Analysis of er erl1 erl2 wus and er erl1 erl2 clv3
wus mutants indicates that WUS is epistatic to ERfs in respect to meristem size. Indirect evidence suggests that ERfs might regulate WUS
post-transcriptionally.
Keywords: shoot apical meristem
Abstract #120. Evidence of a SERK1-SOBIR1 mediated signaling pathway regulating floral abscission in Arabidopsis (Submission 310)
1
Isaiah Taylor , Baer, John, Washington University, Walker, John C., University of Missouri
1
University of Missouri, United States
Abscission is the shedding of plant organs. Floral abscission in Arabidopsis is regulated by two related receptor like protein kinases (RLKs)
HAESA and HAESA-like 2 (HAE/HSL2). Double mutants of HAE/HSL2 are completely defective in abscission and retain sepals, petals, and
stamen indefinitely. To identify other genes that regulate abscission, suppressor screens of an abscission deficient hae hsl2 mutant were
performed. From these screens, 5 lines were isolated with semi-dominant point mutations in the SERK1 RLK, each exhibiting restored
abscission. SERK1 encodes a member of the SERK family of receptor-protein kinases, and has recently been shown to regulate abscission
by acting as a HAE/HSL2 coreceptor. Genetic and transgenetic analyses indicates the signaling pathway activated by the SERK1 suppressor
mutations relies on the presence and kinase activity of the SOBIR1 RLK, but not on the kinase activity of the SERK1 protein itself.
Transcriptional profiling of a strong SERK1 suppressor mutant demonstrates it exhibits high levels of abscission signaling and strong
defense responses in the floral receptacle. Interestingly, this transcriptional profile mimics the profile observed in the floral receptacle of
a mutant in the NEVERSHED (NEV) gene. NEV encodes an ARF-GAP which localizes to the trans-Golgi network and early endosome.
Mutations in NEV block abscission by an unknown mechanism. Results of a nev suppressor screen have shown that loss-of-function
mutations in either SERK1 or SOBIR1 suppress the abscission defect of nev. Thus, there is evidence that the nev mutant fails to abscise as
a result of dysregulated signaling, likely leading to general cellular dysfunction. This dysregulated signaling pathway appears to be the
same one activated in the SERK1 mutants isolated in our hae hsl2 suppressor screens. These results suggest abscission requires balanced
feedback regulation, disruption of which can lead to abscission defects in multiple ways.
Keywords: abscission; signaling; pathogen responses
Abstract #121. Identification of Auxin Co-Receptors that Regulate Transverse Microtubule Patterning in Epidermal Hypocotyl Cells
(Submission 319)
1
Jillian True , Sidney Shaw
1
Indiana University, United States
Auxin leads to both axial cell growth and transverse microtubule (MT) patterning in epidermal hypocotyl cells. Exogenous auxin
treatment promotes a nearly immediate loss of growing microtubule plus ends followed by MT co-alignment that is transverse to the
cell’s growth axis. We hypothesize these MT responses are controlled and coordinated with axial cell growth through the auxin
transcriptional pathway beginning with the TIR1/Aux/IAA auxin receptors. We used auxin receptor mutants to ask if auxin acts through
this transcriptional pathway to cause later transverse MT co-alignment. Our data shows that the later formation of the transverse pattern
clearly works through the TIR1 pathway; however, we observed that the early loss of growing MTs appears to be triggered independently
of new gene expression, pointing to an unknown non-transcriptional auxin receptor. To identify which components of the auxin
transcriptional pathway specifically regulate transverse MT patterning, we next studied auxin co-receptors (Aux/IAAs) to find if one or
more repress transcription factors (ARFs) that regulate genes needed for transverse MT patterning. We found that AXR2 is an important
regulator of auxin-induced transverse MT patterning. Finally, since we observed that brassinosteroid (BR) induces transverse MT
patterning to the same extent as auxin, we asked if this effect depended on auxin transcriptional pathway. In the axr2-1 gain-of-function
mutant, BR induced transverse MT patterning, suggesting BR acts independently from auxin. These results provide new information
about how auxin regulates MT patterning and can be used to narrow the search for putative downstream targets of auxin needed for
transverse MT patterning.
Keywords: microtubule patterning; auxin; brassinosteroid; hypocotyl cells; cell growth
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Abstract #122. The Discrete Reproductive Expression Domains of the Arabidopsis MLO Family (Submission 325)
1
Thomas Davis , Daniel Jones, Jing Yuan, Andrew Willoughby, Patrick Day, Nic Cejda, Sharon Kessler
1
Purdue University, United States
The mildew resistance locus-o (MLO) protein family, comprised of 15 members, plays roles in diverse cell communication processes such
as powdery mildew resistance, root thigmomorphogenesis, and pollen tube reception. The NORTIA (NTA, AtMLO7) gene is expressed in
the synergid cells of the female gametophyte and functions in intercellular communication with the pollen tube. Discrepancies between
previously published promoter::GUS and promoter::gene-GUS constructs expression patterns led us to explore the regulation of NTA
expression. Here we found via pNTA::gNTA-GUS truncations that sequences within the NTA gene negatively regulate its expression in the
stomata and carpel walls. This led to the hypothesis that other MLO family members may also have additional regulatory sequences
within the gene. pMLO::MLO-GUS constructs were examined for each family member focusing specifically on flowers in order to
determine if other MLOs could play a role in reproductive cell communication. Notably, several MLOs were expressed in the pollen, in the
stigma, in the pollinated style, and in the synergids and central cell. These findings indicate that other MLOs in addition to NTA could play
a role in reproduction. Previous studies on the MLO family showed that phylogenically related MLOs had redundant functions in powdery
mildew infection and root thigmotropism. MLO expression in reproductive tissues did not strictly follow phylogenetic relationships,
indicating that MLOs from different evolutionary origins may have been recruited for use in sexual reproduction.
Keywords: MLO; Plant Sexual Reproduction; Cell communication
Abstract #123. Investigating the mechanistic role of THRUMIN1 in blue light-induced chloroplast movement (Submission 327)
1
Matthew Dwyer , Shaw, Sidney, Indiana University, Hangarter, Roger, Indiana University
1
Indiana University, Bloomington, United States
Repositioning chloroplasts within leaf cells in response to changes in light intensity is one process plants use to optimize photosynthetic
potential. Specifically, under low light conditions, chloroplasts accumulate along the periclinal cell surfaces to absorb the maximum
amount of light, whereas high light conditions induce the avoidance response in which the chloroplasts are repositioned along the
anticlinal cell surfaces allowing more light to reach other cell layers. Mutant screens have identified over a dozen genes required for
normal chloroplast movements. One of those genes encodes THRUMIN1, which localizes at the plasma membrane of mesophyll cells and
bundles actin filaments in response to blue light. Using confocal microscopy, THRUMIN:YFP was found to localize to actin bundles within
a minute of exposure to blue light. Within a minute of removal of the blue light stimulus, THRUMIN:YFP disassociates from the actin
bundles. Blue light-dependent phosphorylation of THRUMIN1 has been hypothesized to be necessary for chloroplast movements.
Additionally, sequence analysis revealed a putative WASP-Homology 2 (WH2) domain within the intrinsically disordered region of
THRUMIN1. The WH2 domain is hypothesized to be critical for the actin-binding activity of THRUMIN1 in response to blue light. To test
the importance of the phosphorylation state of THRUMIN1 and the WH2 domain for light-dependent association with actin bundles,
fluorescent tagged THRUMIN1 constructs were mutated to have inactive and constitutively active phosphorylation sites and altered
amino acids within the core of the WH2 domain. These mutant forms are being tested by time-lapse confocal microscopy in transgenic
thrumin1 mutant plants to determine if any of the previously identified phosphorylation sites and the previously uncharacterized WH2
domain are necessary for actin bundling and/or chloroplast movements by THRUMIN1.
Keywords: chloroplasts; actin; photoreceptors; confocal microscopy
Abstract #124. The Roles of NF-Y and bZip Transcription Factors in Floral Development (Submission 329)
1
Andrew Willoughby , Ben F Holt III
1
University of Oklahoma, United States
The vast majority of non-animal foods we eat come from flowers. Flowers are not just the sites of plant sexual reproduction; they
are designed to attract pollinators or otherwise facilitate pollen dispersal and to protect the developing reproductive organs. In these
ways and others, the morphology of flowers is vital to their functions. This project describes a novel role for NUCLEAR FACTOR Y (NF-Y) in
floral development. I conducted an experiment with plants that lacked three NF-Y genes (NF-YC3, NF-YC4, and NF-YC9) as well as a bZip
gene (HY5) and showed that these mutations interact synergistically to cause disruption in Arabidopsis flower development. Arabidopsis
wildtype flowers have 4 sepals, 4 petals, and 6 stamens. On average, nf-yc triple mutants show more sepals, more petals, and more
stamens than wildtype. On average, hy5 mutants show slightly more sepals and petals than wildtype, and significantly less stamens; nf-yc
triple hy5 mutants have more sepals and petals than wildtype or its parental genotype, and wildtype numbers of anthers on average. This
project is an attempt to elucidate the roles of the NF-Y and HY5 in floral development.
Keywords: Nuclear Factor Y; floral development; meristem; flower; light signaling
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Abstract #125. ANTI-SILENCING FUNCTION1 Proteins are required for mitosis in gametogenesis in Arabidopsis. (Submission 332)
1
Yunsook Min , Yoo, Hyunjin, Seoul National University
1
Seoul National university, Korea, Republic of
ANTI-SILENCING FUNCTION1 Proteins are required for mitosis in gametogenesis in Arabidopsis. Yun Sook Min* (Seoul National University,
Korea), Yoo Hyun Jin* (Seoul National University, Korea) and Yeonhee Choi (Seoul National University, Korea) min84@snu.ac.kr*These
Authors contributed equally to this work. In angiosperms, the diploid female and male sporophytes produce haploid megaspores and
microspores, respectively. These give rise to gametophytes after meiosis and a subsequent several rounds of mitosis that are not seen in
animals or fungi. The mechanisms regulating gametophyte development in plants are incompletely understood. Here, we report that
AtASF1 proteins play an important role in Arabidopsis gametogenesis. In yeast and animals, ASF1 proteins play important roles in
chromatin-related processes, such as transcription and DNA replication and repair. They participate both in the replication-dependent
and the replication-independent chromatin assembly pathways, as ASF1 copuriﬁes with the replication-speciﬁc histone H3.1 and with the
transcription-speciﬁc histone H3.3 and HIRA, respectively. In Arabidopsis, there are two genes encoding ASF1 homologs, AtASF1A and
AtASF1B (At1g66740 and At5g38110, respectively). Both proteins bind histone H3 and are localized in the cytoplasm and the nucleus.
Mutants in either AtASF1A or AtASF1B show no obvious defects. However, the asf1a/asf1b double mutants displayed an ovule abortion
phenotype with siliques significantly shorter than those of the wild type. Using T-DNA insertion mutants, we identify AtASF1 plays a
crucial role in mitosis during both female and male gametophyte formation in Arabidopsis thaliana. AtASF1A and AtASF1B double
absence results in impaired gametogenesis, failure of ovule and pollen development. There is no information on the physiological role of
ASF1 during the gametogenesis in higher plants. asf1a asf1b/ASF1B plants shows 50% ovule abortion but ASF1A/asf1a asf1b plants shows
weak phenotype. This phenotype indicates that ASF1b gene is related to ovule development and the mutation of ovule development in
ASF1b can be rescued by ASF1A. Reciprocal crosses to wild-type plants with asf1a asf1b/ASF1B or ASF1A/asf1a asf1b plants revealed that
the ovule abortion phenotype of asf1a asf1b double mutants were mainly due to gametophytic defects. These findings indicate that
AtASF1A and AtASF1B have redundancy in both male and female gametogenesis.
Keywords: gametogenesis, mitosis, plant reproduction
Abstract #126. Molecular regulation of the cambium: from Arabidopsis research to tree research (Submission 334)
1
Melis Kucukoglu , Sevilem, Iris, Institute of Biotechnology / Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland.,
Wang, Xin, Institute of Biotechnology / Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland., Ye, Lingling, Institute
of Biotechnology / Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland., Chaabouni, Salma, Umeå Plant Science
Centre, Swedish University of Agricultural Sciences, Department of Forest Genetics and Plant Physiology, 901 83 Umeå, Sweden.,
Nieminen, Kaisa, Green Technology, Natural Resources Institute Finland (Luke), 01301 Vantaa, Finland, Nilsson, Ove, Umeå Plant Science
Centre, Swedish University of Agricultural Sciences, Department of Forest Genetics and Plant Physiology, 901 83 Umeå, Sweden.,
Mähönen, Ari Pekka, Institute of Biotechnology / Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland., Helariutta,
Ykä, Institute of Biotechnology / Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland, Sainsbury Laboratory,
University of Cambridge, Cambridge CB2 1LR, United Kingdom
1
University of Helsinki, Institute of Biotechnology, Finland
Molecular regulation of the cambium: from Arabidopsis research to tree research Melis Kucukoglu1, 2, Iris Sevilem1, 2, Xin Wang1, 2,
Lingling Ye1, 2, Salma Chaabouni3, Kaisa Nieminen4, Ove Nilsson3, Ari Pekka Mähönen1, 2 and Ykä Helariutta1, 2, 5 Institute of
Biotechnology, University of Helsinki, 00014 Helsinki, Finland Department of Biosciences, University of Helsinki, 00014 Helsinki, Finland
Umeå Plant Science Centre, Swedish University of Agricultural Sciences, Department of Forest Genetics and Plant Physiology, 901 83
Umeå, Sweden. Green Technology, Natural Resources Institute Finland (Luke), 01301 Vantaa, Finland Sainsbury Laboratory, University of
Cambridge, Cambridge CB2 1LR, United Kingdom Radial expansion or secondary growth of the stems and roots in plants derives from the
activity of the vascular cambium – a meristematic tissue, which contains the vascular stem cells and generate xylem (wood) on the inside
and phloem on the outside. Maintenance, proliferation and differentiation of this lateral meristem is tightly regulated to achieve an
organized development of secondary tissues. Studies using model plant Arabidopsis thaliana suggested that regulation of cell divisions in
the cambium is mediated by WOX4 and WOX14, downstream targets of TDIF/CLE41-PXY/TDR peptide signaling pathway. Recently we
showed that WOX4-like genes regulate cambial cell division activity and secondary growth also in Populus trees. Furthermore, our data
indicated that CLE41-like genes positively regulate WOX4-like genes in the tree stem. Interestingly other WOX genes are also differentially
expressed in the wood forming zone of Populus. We are currently analyzing the transgenic RNAi trees targeting these genes to get a
better understanding of their functions. Moreover, through transcript profiling approach, we identified a collection of Populus CLE genes
that are specifically expressed over the cambial zone and/or the secondary xylem. RNAi-mediated down regulation or ectopic over
expression of these candidate CLE genes in trees affected a diversity of characteristics such as plant height, leaf size/shape, and stem
width. Finally, we identified a number of candidate transcription factors that promote cambium activity and secondary growth in
Arabidopsis thaliana roots. By applying this knowledge to our tree research we are testing if these identified cambium regulators can
stimulate tree trunk growth and ligno-cellulosic biomass production in trees.
Keywords: vascular cambium; secondary growth; Populus; WOX; CLE
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Abstract #127. In vivo analysis of the receptor kinase ERECTA reveals a specific role for its domain (Submission 346)
1
Michal Maes , Julian Avilla, Department of Biology, University of Washington, Seattle, Washington 98195, USA., Paul Derbyshire, The
Sainsbury Laboratory, Norwich, UK, Jan Sklenar, The Sainsbury Laboratory, Norwich, UK, Frank Menke, The Sainsbury Laboratory,
Norwich, UK, Keiko U. Torii, Department of Biology, University of Washington, Seattle, Washington 98195, USA and Howard Hughes
Medical Institute, University of Washington, Seattle, Washington 98195, USA
1
Departement of Biology, United States
In plants, leucine-rich receptor-like kinases (LRR-RLK) are involved in a variety of signaling pathways. ERECTA is a LRR-RLK involved in
multiple developmental and cellular processes, among others stomatal development, elongation of aboveground organs, leaf initiation
and inflorescence. In addition, this receptor kinase is also involved in responses to biotic and abiotic stress, most likely by forming
complexes with other LRR-RLKs. ERECTA and its homologues, ERL1 and ERL2, perceive small cysteine-rich peptides, termed EPF/EPFLs,
and transduce the signal across the plasma membrane. Several EPF/EPFL peptides have been identified as agonists or antagonists of
ERECTA, and linked to specific phenotypic characteristics such as stomatal differentiation, growth, leaf serration and others. The
molecular mechanism by which the receptor activates its downstream signaling is not yet fully understood.To unravel the biochemical
mechanism of the ERECTA function, we performed an in vivo phosphorylation analysis of ERECTA under non-stimulated conditions using
mass-spectrometry. We discovered a specific domain in ERECTA that is heavily phosphorylated. Interestingly, when the in vivo
phosphorylation analysis was performed using Arabidopsis erecta-null mutant seedlings expressing the kinase-dead version of ERECTA,
no phosphorylations were detected at this domain, suggesting that the kinase activity of ERECTA is required for the phosphorylation of
this domain. Removal of the domain conferred hyperactivity of ERECTA. Compared with previous knowledge of other LRR-receptor kinase
activation our findings emphasized conserved and unique features as to the molecular mechanism of ERECTA action and regulation.
Keywords: LRR-RLKs; Stomatal development
Abstract #128. Role of the SCRM C-Terminal Domain in the Stomata Differentiation Pathway (Submission 347)
1
AARTHI PUTARJUNAN , LYNDSEY AGUIRRE, KEIKO TORII
1
UNIVERSITY OF WASHINGTON, United States
In plants, gas exchange and transpiration take place through small pores on the leaf surface called stomata. Stomata differentiate
through a series of cell-state transition events mediated by bHLH TFs called SPEECHLESS (SPCH), MUTE, and FAMA. Two other partially
redundant bHLH TFs, SCREAM (SCRM) and SCRM2, work in concert with SPCH, MUTE and FAMA, thereby promoting stomatal cell-fate.
Aside from the bHLH domain, SCRM contains the highly-conserved "KRAAM" motif, which influences the stability of the protein. An R-toH mutation within this motif results in the dominant, gain-of-function mutant, scrm-D, conferring an "all-stomata" phenotype. To
understand the role of the specific domains specifying SCRM function, we performed a suppressor mutagenesis screen on scrm-D. We
have found that the scrm-D phenotype can largely be suppressed through intragenic secondary mutations within the C-terminal domain
(CTD) of the scrm-D protein. We hypothesize that the CTD of SCRM is important for the stability of the protein as a whole and by
extension for interactions between SCRM and other stomatal bHLH TFs. Our preliminary analyses suggest that the CTD of SCRM is
necessary for interactions at the MUTE step. Our findings reveal the unique interaction properties among the three related bHLH TFs that
sequentially govern the cell-fate, therefore providing a broader perspective on how similar bHLH TFs perform specific functions while
sharing the same partner bHLH protein.
Keywords: stomata development, cell-state transition, bHLH transcription factor
Abstract #129. Phloem sieve element regulates periclinal cell divisions in Arabidopsis root vasculature via mobile transcription factors
(Submission 355)
1
Iris Sevilem , Miyashima, Shunsuke, Nara Institute of Science and Technology, Roszak, Pawel, University of Cambridge, Toyokura, Koichi,
University of Cambridge, Helariutta, Ykä, University of Cambridge
1
University of Helsinki, Finland
Plant growth and development are crucially dependent on positional information from neighboring cells, mediated by mobile regulatory
molecules, such as hormones and transcription factors. In Arabidopsis, the interaction of two plant hormones, auxin and cytokinin are
essential for the radial organization of the root vasculature consisting of central xylem axis, two peripheral phloem poles, and intervening
procambial cells. Periclinal cell divisions increase the number of cell files in procambium/phloem, whereas periclinal division seldom
occurs in xylem cells. It has been proposed that xylem controls non-cell-autonomously periclinal divisions occurring in the
phloem/procambium by activating cytokinin production. However, whether phloem has a regulatory role as well has remained unclear.
Plasmodesmata (PD) are plant specific nanochannels that traverse the cell walls of neighboring cells and enable the movement of
molecules directly from cell to cell. In Arabidopsis, PD apertures can be regulated in a spatially and temporally specific manner with a
mutated CALLOSE SYNTHETASE 3 (cals3m) that enhances callose deposition at PD resulting in inhibition of symplastic transport. To
investigate the requirement of symplastic connection during vascular development, we inhibited symplastic connections by icals3m, and
observed a reduction of cell files in phloem/procambium after expressing icals3m in the early protophloem sieve element (SE).
Subsequently, we identified a family of transcription factors that move from the SE to the surrounding cells, and which promote periclinal
cell divisions in phloem/procambium. Thus, our results indicate that not only xylem but also the SE has an essential role as an organizing
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center during vascular development.
Keywords: vascular development; periclinal cell divisions; cell-to-cell communication
Abstract #130. Auxin response factors regulate flower primordia initiation by repressing the pluripotency program (Submission 359)
1
Yuhee Chung , Miin-Feng Wu, Sara Simonini, Doris Wagner
1
University of Pennsylvania, United States
Flower primordia initiation is mediated by alteration of gene expression programs at the sites of auxin maxima at the flanks of the shoot
apical meristem. AUXINRESPONSE FACTOR 5 (ARF5)/MONOPTEROS (MP) is a master regulator for flower primordia initiation and
upregulates diverse target genes in response to the auxin hormone. The population of stem cells is restricted to the central region of the
shoot apex by pluripotency genes, most of which are specifically excluded from the peripheral zone, which contains transit amplifying
cells that are competent to respond to the auxin cue by adopting primordium founder fate. One prominent exception is the class I KNOX
genes. These genes are expression in the periphery of the shoot apex, but downregulated in the primordium founder cells. How they are
repressed in these cells is poorly understood. We performed genetic enhancer tests to identify additional Auxin Response Factors (ARFs)
required for flower primordium initiation and identified two auxin response factors, ETTIN(ETT/ARF3) and AUXIN RESPONSE FACTOR4
(ARF4), repressor ARFs with overlapping functions, contribute to organogenesis from the shoot apex. Class I KNOX genes like
SHOOTMERISTEMLESS (STM) are misexpressed at the shoot apex of mp ett arf4 loss-of-function mutants. Here we discuss how ETT and
ARF4 contribute to repression of pluripotency program for flower primordia initiation in parallel pathway to MONOPTEROS, likely by
recruiting other repressive factors to the regulatory loci of pluripotency genes to turn off their transcription.
Keywords: flower primordia initiation, pluripotency program, auxin
Abstract #131. Understanding the Function of MSL7 and MSL8, Two Mechanosensitive Ion Channels Expressed in the Arabidopsis
thaliana Pollen Tube (Submission 370)
1
Yanbing Wang , Eric Hamilton, Gregory Jensen, Elizabeth Haswell*
1
Washington University in St. Louis, United States
It’s critical to understand the molecular mechanisms for how plants sense and perceive mechanical force, including osmotic pressure. We
recently found that MSL8 functions as a mechanosensitive channel required to protect Arabidopsis thaliana pollen from osmotic
challenges during in vitro pollen rehydration, germination and tube growth (Hamilton, 2015). However, a null mutant msl8 allele had only
a modest effect on pollen fertility (a 40% transmission ratio compared to 50% for the wild type MSL8 gene). Futhermore, surviving pollen
tubes from the null msl8-4 mutant showed the same tube morphology, tube growth rate, growth oscillation, and chloride distribution in
the tip compared with wild type. MSL8 has a very close homolog, MSL7, which is expressed in the semi-in vivo pollen tube and is likely to
play a similar role. To test for redundant functions between MSL7 and MSL8, we are generating double msl7 msl8 mutants using a
number of approaches. MSL7 and MSL8 genes are located in tandem on the genome resulting in the difficulty in generating double
mutants by conventional crossing. We therefore used artificial microRNA (amiRNA) and CRISPR/Cas9 technologies to create double
mutants. Preliminary data indicate that, in an msl7-1 T-DNA insertion line expressing amiRNAs targeted against MSL8, pollen tube growth
rate is slightly but significantly faster than that in wild type. Multiple CRISPR/Cas9-induced mutations in MSL8 in an msl7-1 T-DNA
insertion background have also been produced. Further investigations on the role of MSL7 and MSL8 in pollen tube morphology, growth
rate, and ion flux dynamics are currently in progress and will be reported.
Keywords: MSL8, MSL7; pollen tube; Mechanosensitive Ion Channels; functional redundant
Abstract #132. Identification of chloroplast interaction partners of Matrix Attachment Region Binding Protein1 (MFP1) in Arabidopsis
thaliana (Submission 375)
1
Sandipty Kayastha , Alison DeShields, Rebecca Rzasa, Annkatrin Rose
1
Appalachian State University, United States
Coiled-coil proteins are ubiquitous proteins found in most organisms, representing approximately 10% of all proteins in eukaryotes. Their
structure consists of two or more alpha helices wrapped around each other to form a supercoil complex structure. Plant specific long
coiled-coil proteins are predicted to be involved in specific processes such as photosynthesis, cytokinesis or plant defense mechanisms via
protein-protein interactions. Among the 286 long coiled-coil protein found in Arabidopsis, one is Matrix Attachment Region Binding
Filament like Protein 1 (MFP1). Though initially believed to be associated with the nuclear matrix, it was later found to localize to the
chloroplast and embed itself in the thylakoid membrane. Our work identifies the role of MFP1 protein inside the chloroplast. A transgenic
plant line was constructed by inserting an MFP1-TAP (Tandem Affinity Purification) construct in a mutant (MFP1 knock out) Arabidopsis
thaliana. The success of the transformation was confirmed via PCR and the transformation efficiency with and without acetosyringone
was 41.4% and 1.6% respectively. Second generation transformed plants will be genotyped and used for isolation of MFP1 protein
complex and identification of protein interaction partners. For these chloroplasts will be isolated from the transgenic plants by gradient
centrifugation and MFP1 protein complex present inside the chloroplast will be isolated and purified using Tandem Affinity Purification.
Protein interaction partners will be identified using mass spectrometry and bioinformatics tools. The results of this study will allow us to
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elucidate MFP1 function with the help of protein partners in a model plant, Arabidopsis thaliana.
Keywords: Matrix Attachment Region Binding Filament like Protein 1(MFP1); Tandem Affinity Purification (TAP); Chloroplast; Thylakoid;
coiled coil.
Abstract #133. Telomerase and Cajal body RNP assembly in Arabidopsis (Submission 389)
1
Mario Izaguirre Sierra , Villalba, Alondra, NNMC, Romero, Andres, NNMC, Drysdale, Samantha, NNMC, Shippen, Dorothy, Texas A&M
1
Northern New Mexico College, United States
The cell nucleus is composed of a number of distinct non-membranous subcompartments (nuclear bodies), which are formed by a unique
set of proteins that carry out specific functions. Cajal bodies (CBs) are evolutionary conserved, dynamic nuclear structures central in the
metabolism and assembly of different types of ribonucleoproteins (RNPs) such as those involved in telomere homeostasis, mRNA
processing and gene silencing. To date Cajal body -like structures have been identified in vertebrates, yeasts, insects and plants. Since
plants exhibit responses to their environment in the form of changes in nuclear organization and behavior, plants provide us with the
means to identify factors that regulate and maintain nuclear structure during normal development and in response to environmental
stress. Thus, we will take advantage of the powerful genetic tools available in the model plant Arabidopsis thaliana to understand the
role(s) of the CB in the biogenesis of non-coding RNAs, with a specific focus on interaction(s) between CBs and the telomerase RNP at the
organismal level. We are using a collection of Cajal body mutant plants that exhibit multiple, none, small and large Cajal bodies to
generate double and triple mutants with components of the telomerase and sheltering complex. The main goal of the project is to
identify the function of the Telomerase Cajal body protein 1 (TCAB1) and its relationship with coilin, an essential component of the CB in
eukaryotes. Specifically, we are characterizing two mutations on the AtTCAB1 locus: tcab1-1 and tcab1-2. Additionally, we are examining
the localization of telomeres and CB components in our collection of CB mutants in vivo. Uniquely, Arabidopsis contains multiple
telomerase RNAs with different RNA and protein composition. Therefore, we are studying the correlation between CBs and telomere
health using immunofluorescence and in situ hybridization techniques under stress, and normal conditions.
Keywords: Telomere; rna biogenesis; Cajal body; Sumoylation; Ulp proteases
Education and Outreach:
Abstract #134. Promotion of Urban and Suburban Agriculture Through Basic Research, Education, and Community Outreach Programs
(Submission 342)
1
Michael Schläppi
1
Marquette University, United States
The long-term interest of my laboratory is to identify the genetic mechanisms for chilling tolerance in rice (Oryza sativa) and freezing
tolerance in model systems such as Arabidopsis (funded by the NIFA-AFRI Foundational Program of the United States Department of
Agriculture). Our immediate goal is to select and/or develop from several hundred rice germplasms varieties that can be efficiently
cultivated in a cold climate such as the Midwest of the U.S.A. Toward this goal, we are using Arabidopsis as a “tester” of putative cold
tolerance genes identified in rice by genome wide association studies (GWAS). To educate the general public, we are giving lectures at
urban agriculture organizations, public museums, and local universities. To analyze field performances of potential cold tolerant rice
varieties, we collaborate with local non-profit organizations that promote minority farmers (e.g. ethnic Hmong) to establish a rice farming
business at a suburban location to provide locally grown food to urban residents (funded by a Strategic Innovation Grant from Marquette
University. Thus, through urban and suburban agriculture initiatives, we educate the general public and provide undergraduate student
research opportunities and potential economic revitalization of underprivileged inner city neighborhoods.
Keywords: Abiotic Stress; Chilling Tolerance; Community Partners; Economic Revitalization; Rice Cultivation Business Model

Epigenetics and Chromatin:
Abstract #135. POWERDRESS interacts with HISTONE DEACETYLASE 9 to promote aging in Arabidopsis (Submission 12)
1
Xiangsong Chen , Li Lu, Kevin S. Mayer, Mark Scalf, Shuiming Qian, Aaron Lomax, Lloyd M. Smith, Xuehua Zhong
1
University of Wisconsin-Madison, United States
Leaf senescence is an essential part of the plant lifecycle during which nutrients are re-allocated to other tissues. The regulation of leaf
senescence is a complex process. However, the underlying mechanism is poorly understood. Here, we uncovered a novel and pivotal role
of Arabidopsis HDA9 (a RPD3-like histone deacetylase) in promoting the onset of leaf senescence. We found that HDA9 acts in complex
with a SANT domain-containing protein POWERDRESS (PWR) and transcription factor WRKY53. Our genome-wide profiling of HDA9
occupancy reveals that HDA9 directly binds to the promoters of key negative regulators and this association requires PWR. Furthermore,
we found that PWR is important for HDA9 nuclear accumulation. This study reveals an uncharacterized epigenetic complex involved in
leaf senescence and provides mechanistic insights into how a histone deacetylase along with a chromatin-binding protein contribute to a
robust regulatory network to modulate the onset of plant aging.
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Abstract #136. The plant-specific histone residue Phe41 is important for genome-wide H3.1 distribution (Submission 24)
1
Li Lu , Chen, Xiangsong, UW Madison., Qian, Shuiming, UW Madison., Zhong, Xuehua, UW Madison.
1
university of wisconsin, United States
The dynamic incorporation of histone variants influences chromatin structure and plays important roles in transcription and other DNAdependent processes in eukaryotes. In Arabidopsis, the canonical variant H3.1 is associated with transcriptional silent regions while H3.3
is enriched at actively transcribed regions. Despite distinct deposition pattern, plant H3.3 and H3.1 differ in only four amino acids, three
of which are conserved in plants and animals. Arabidopsis H3.3 differs from H3.1 with an additional residue at position 41. However, the
evolutionary significance and function of this plant specific H3.1Phe41 has yet to be investigated. Here, we showed that Phe41 first
appeared in H3.1 in ferns and became stable during land plant evolution. Our fluorescence microscopy and genomic analyses revealed
that, unlike the specific enrichment of H3.1 with silent regions, H3.1F41Y lost this preference and gained ectopic accumulation at actively
transcribed regions marked with active histone modifications. Furthermore, our reciprocal tail and core domain swap between H3.1 and
H3.3 showed that the H3.1 core, while necessary, is insufficient to restrict H3.1 in the silent regions. Collectively, our data show that
Phe41 is critical for H3.1 genomic distribution and may act coordinately with H3.1 core to regulate deposition patterns. This study reveals
a previously unexplored role of plant specific Phe41 in H3.1 genome-wide distribution and provides an important insight into its
evolutionary significance. The high conservation of Phe41 in plants led to a speculation that Phe41 may have evolved to provide another
layer of histone deposition regulation in plants.
Keywords: Histone variants; Plant epigenetics; Genomic distribution; Histone evolution.
Abstract #137. Cis- and trans-determinants of epigenetic silencing by Polycomb Repressive Complex 2 in Arabidopsis (Submission 30)
1
Jun Xiao , Jin, Run, University of Pennsylvania, Yu, Xiang, University of Pennsylvania, Helliwell, Chris, CSIRO Agriculture and Food,
Pruneda-Paz, Jose, UC San Diego, Cui, Sujuan, Hebei Normal University, Goodrich, Justin, University of Edinburgh, Zhang, Xiaoyu,
University of Georgia, Austin, Ryan, Agriculture & Agri-Foods Canada, Bonasio, Roberto, University of Pennsylvania, Wagner, Doris,
University of Pennsylvania
1
University of Pennsylvania, United States
Disruption of gene silencing by Polycomb Complexes leads to homeotic transformations and altered developmental phase identity in
plants. Here we define short genomic fragments, Polycomb Response Elements (PREs), that direct Polycomb Repressive Complex 2 (PRC2)
placement at developmental genes regulated by silencing in Arabidopsis. We identify transcription factor families that bind to these PREs,
co-localize with PRC2 on chromatin, physically interact with and recruit PRC2, and are required for Polycomb silencing in vivo. Two of the
cis sequence motifs enriched in the PREs are cognate binding sites for the identified transcription factors and are necessary and sufficient
for PRE activity. Thus, PRC2 recruitment in plants relies in large part on binding of trans-acting factors to cis-localized DNA sequence
motifs.
Keywords: Polycomb repressive complex 2; PRE; recruitment; cis motifs; transcription factors
Abstract #138. Genome Elimination in Arabidopsis (Submission 80)
1
Ek Han Tan
1
University of Maine, United States
In nature, genome elimination is a phenomenon that can occur during sexual reproduction in plants and animals. When genome
elimination takes place, an embryo loses an entire parental chromosome set, resulting in haploid offspring. The mechanism behind
genome elimination is unclear in most cases, only that it is dependent on a “haploid inducer” parent. In contrast, the centromeremediated genome elimination system discovered in Arabidopsis is based on the alteration of the centromere-specific histone H3 variant,
CENH3. Altered CENH3 is capable of assembling proper centromeric function but is epigenetically less effective than wild-type CENH3.
Therefore, when plants carrying altered CENH3 (the haploid inducer in this case) are crossed to plants with wild-type CENH3, massive
chromosome missegregation can occur, leading to genome elimination. Genomic examination of the offspring from CENH3-mediated
genome elimination crosses reveal that a wide-range of ploidy variants is also created among haploid progeny. These include individuals
that exhibit chromothripsis, a phenomenon first described in cancer in which a chromosome has undergone highly complex genomic
rearrangements as a result of a single catastrophic event. Using the CENH3-mediated genome elimination in Arabidopsis as a model for
chromosome missegregation, we can now design experiments to test hypotheses on the effects of rapid karyotypic change in a whole
organism setting to understand how genomes evolve under these conditions. Furthermore, there are also substantial interests in creating
haploid inducers in crop plants that lack a natural haploid inducer because this technology facilitates plant breeding efforts. This is now
possible based on our understanding for the role of CENH3 in genome elimination. In short, our work highlights that basic science
research on genome manipulation in Arabidopsis can lead to findings that are relevant to cancer research as well as to economically
important plants.
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Abstract #139. Pol IV-dependent siRNAs from maternal somatic tissue are required for seed development (Submission 81)
1
Rebecca Mosher , Jeffrey W. Grover, Timmy Kendall, Abdul Baten, Graham J. King, Rebecca A. Mosher
1
The University of Arizona, United States
Pol IV-dependent siRNAs from maternal somatic tissue are required for seed development Jeffrey W. Grover1, Timmy Kendall2, Abdul
Baten3, Graham J. King3, and Rebecca A. Mosher1, 2 1 Biochemistry and Molecular & Cellular Biology Department, The University of
Arizona, Tucson, AZ 85721-0036, USA 2 The School of Plant Sciences, The University of Arizona, Tucson, AZ 85721-0036, USA 3 Southern
Cross Plant Science, Southern Cross University, Lismore, NSW 2480, Australia Host genomes deploy small RNAs to suppress transposable
elements, which can disrupt the genome if they are allowed to mobilize. In flies, small RNAs are produced from maternal tissues and
loaded into egg cells to control transposable elements in the zygote after fertilization. Similar small RNA transport between so-called
“companion” cells and reproductive cells has been proposed in plants, however it is not clear whether parentally-derived small RNAs play
a significant role during plant reproduction. Here we show that maternal mutations in the Pol IV-dependent small interfering RNA
pathway cause seed abortion in Brassica rapa. Small RNA production is required in maternal somatic tissues, but not in the maternal
gametophyte or the developing zygote. These observations supply the first evidence that somatic production of small RNAs is required
for zygotic development in plants. We propose that parental influence over zygotic genomes is a common strategy in eukaryotes and that
historically outbreeding species such as B. rapa are key to understanding the role of small RNAs during reproduction.
Keywords: RNA-directed DNA methylation; small RNA; RNA Pol IV/V; seed development
Abstract #140. EpiTEome: Simultaneous Detection of Transposable Element Insertion Sites and their DNA Methylation Levels
(Submission 106)
1
Josquin Daron , R. Keith Slotkin
1
Ohio State University, United States
Transposable elements (TEs) are mobile genetic elements ubiquitously present in eukaryotic genomes. TEs can amplify and move
themselves from one genomic location to another, disrupting genes and generating DNA rearrangements. To counteract this inherently
mutagenic activity, eukaryotic organisms have evolved multiple molecular mechanisms to identify and silence TEs, one of the major being
DNA methylation. The routine approach used to investigate DNA methylation levels at the genome-wide level is by bisulfite sequencing
(MethylC-seq / Methylome analysis). However, these genome-wide analyses are limited to reference TE positions while DNA methylation
of non-reference TEs remains ignored. Recently, the methylation analysis of non-reference / mobile TEs has been analyzed, but requires
both costly and laborious whole genome resequencing coupled with MethylC-seq. Here we present EpiTEome, the first program that
detects both new TE insertion sites and their methylation states from a single MethylC-seq dataset. EpiTEome outperforms other splitread TE insertion site detection programs, even while functioning on bisulfite-converted reads. EpiTEome characterizes the previously
discarded fraction of DNA methylation at new or non-reference TE insertion sites, enabling future investigation into the epigenetic
regulation of transposed TEs. EpiTEome provides the ability to detect new TE insertion events from public or new MethylC-seq data,
enabling new understanding of how the cell regulates TE activity from existing or less extensive datasets.
Keywords: Methylome; transposable elements; insertion site; bioinformatics; MethylC-seq
Abstract #141. ACTIN-RELATED PROTEIN6 PROMOTES THE TRANSCRIPTION OF MIR156A AND MIR156C BY MEDIATING H3K4me3
DEPOSITION (Submission 109)
1
Mingli Xu , Tieqiang Hu, R. Scott Poethig
1
University of Pennsylvania, United States
Vegetative phase change in Arabidopsis thaliana is mediated by a decrease in the expression of MIR156A and MIR156C, and a
corresponding increase in their direct targets, SQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL) transcription factors. Loss-offunction mutations in AUXIN-RELATED PROTEIN6 (ARP6) and SERRATED EARLY FLOWERING (SEF) accelerate vegetative phase change and
decrease the level of miR156 early in shoot development, but do not affect the timing of the down-regulation of this miRNA. ARP6 and
SEF encode components of the SWR1 complex (SWR1-C), which exchanges H2A.Z for H2A. MIR156A and MIR156C have high levels of
H2A.Z, and the abundance of H2A.Z at these genes remains constant during vegetative phase change. This result, and the observation
that arp6 and sef only reduce the level of miR156 early in shoot development, indicates that H2A.Z promotes the early, high-level
expression of miR156, but does not control the timing of vegetative phase change. We show that that H2A.Z promotes the expression of
MIR156A/MIR156C by promoting the deposition of H3K4me3 rather than by preventing the deposition of H3K27me3 or reducing
nucleosome occupancy, and that this effect is mediated in part by the H3K4 methyl transferase, ATXR7.
Keywords: ARP6; H2A.Z; H3K4me3; H3K27me3; vegetative phase change;
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Abstract #142. Qua Quine Starch: Insights on gene evolution (Submission 112)
1
Seth O'Conner
1
Iowa State University, United States
Qua-Quine Starch (QQS) is an orphan gene found in Arabidopsis thaliana, with no known sequence homology outside of the species. This
young gene regulates starch metabolism and responds actively to changing environments. QQS regulates nitrogen and carbon
allocation via interaction with NF-YC4: a transcription factor conserved across eukaryotic species. Ectopic expression of QQS in crops—
such as corn, rice, and soybean—decreases starch and increases protein. However, the study of QQS is not limited to crop enhancement,
by understanding the epigenetic control of the QQS gene we can gain further insight into the mechanisms which regulate the expression
level of this "young" gene. Various ecotypes of A. thaliana show a wide range of expression for QQS, indicating that they may have
developed different strategies to regulate epigenetic control of this gene. By using transgenic A.thaliana plants which contain QQS
promoters from different ecotypes, upstream of the reporter gene GUS, this research project attempts to further understand the
epigenetic mechanisms that regulate QQS via its promoter sequence. It also provides insight into how young genes survive and evolve.
Keywords: Orphan Gene; Gene evolution; Epigenetics
Abstract #143. Histone H1 mutations affect genomic imprinting and DNA methylation in Arabidopsis (Submission 124)
1
Qiang Han , Bartels, Arthur, Saint Louis University, Nair, Pooja, Saint Louis University, Bhan, Aishwarya, Saint Louis University, Hsieh,
Tzung-Fu, North Carolina State University, Xiao, Wenyan, Saint Louis University
1
Saint Louis University, United States
Genomic imprinting, differential expression of parental alleles, regulates development in mammals and plants. DNA methylation is
regarded as a main cause of imprinting by silencing one parental allele. It has been shown that DEMETER (DME), a DNA glycosylase,
demethylates DNA and impacts genomic imprinting in Arabidopsis. It is also known that histone H1 variants (H1.1, H1.2, and H1.3)
interact with DME in vitro and regulate expression of imprinted genes in the Arabidopsis endosperm. Based on expression of the
transgene H1 promoter:GUS, three histone H1 genes are widely expressed in different tissues, especially in embryo, endosperm, root tips
and floral organs, and each H1 gene has its own expression pattern. Yeast two-hybrid assays reveal that histone H1.2 binds strongly with
the DME N-terminal region compared with the DME C-terminal region (A, Glycosylase, and B domains). In addition, the histone h1 triple
mutant has reduced MEDEA:GFP expression in the central cell and endosperm. Furthermore, the DNA methylome data of the histone h1
triple mutant endosperm reveal that the maternal h1 mutant allele affects the methylation level of most DME targets. These results
suggest that histone H1 is involved in DME-mediated global DNA demethylation in Arabidopsis.
Keywords: Genomic Imprinting; DNA Methylation; Seed development; DEMETER; Histone H1
Abstract #144. Genome-wide analysis of non-canonical RNA-directed DNA Methylation mechanisms (Submission 142)
1
Kaushik Panda , Ji, Lexiang, University of Georgia, Vejlupkova, Zuzana, Oregon State University, Schmitz, Robert J., University of Georgia,
Fowler, John, Oregon State University, Slotkin, R. Keith, The Ohio State University
1
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Transposable element (TE) insertions and/or rearrangements cause mutations and DNA damage. To defend their genome, eukaryotes
evolved various silencing mechanisms to repress TE activity. Small RNA-directed DNA methylation (RdDM) is one such silencing
mechanism that is well-studied in the reference plant Arabidopsis. Canonically, RdDM functions through the RNA Polymerase IV (Pol IV)
generation of 24 nt small RNAs (sRNAs) that are incorporated into ARGONAUTE 4 (AGO4) or AGO6 proteins. Recently, non-canonical
RdDM pathways have been discovered wherein sRNAs generated from Pol II transcripts (which were thought to silence TEs only posttranscriptionally) can also direct DNA methylation. Multiple non-canonical RdDM mechanisms have been reported in single locus studies;
however, only recently have we investigated the role of all known RdDM pathways to silence TEs on the genome-wide level (Panda et al.,
Genome Biology, 2016). We determined that the non-canonical RDR6-RdDM pathway (which utilizes Pol II mRNAs, RDR6, AGO1, AGO6
and Pol V) preferentially targets full-length TEs capable of self-transposing. This preference of RDR6-RdDM to methylate full-length TEs is
driven by the sRNA-induced preferential cleavage of full-length TE mRNAs, demonstrating that targeting specificity initiated on the mRNA
cleavage-level can dictate heritable chromatin-level silencing. We additionally discovered a new non-canonical RdDM pathway (DCL3RdDM) that only functions when TEs are transcriptionally active (needs Pol II transcripts), but uncharacteristically is RNA-dependent-RNApolymerase (RDR) independent. Our most recent work suggests that this pathway is also functioning on many transcribed TEs in crop
species including maize. I will use DCL3-RdDM as a case study to demonstrate how TE regulation in complex TE-rich genomes such as
maize can be modeled by studying the regulation of transcriptionally reactivated TEs in Arabidopsis.
Keywords: Transposable element (TE); Small interfering RNA (siRNA); MethylC-seq analysis; RNA-directed DNA methylation (RdDM)

48

Abstract #145. The Identification and Analysis of Putative Origin Regions in the Arabidopsis genome (Submission 151)
1
Emily Wheeler , Concia, Lorenzo, NCSU, Brooks, Ashley, NCSU, Wear, Emily, NCSU, LeBlanc, Chantal, CSHL, Ramu, Umamaheswari, CSHL,
Song, Jawon, TACC, Maritiessen, Robert CSHL, Vaughn, Matthew, TACC, Thompson, William F., NCSU, Hanley-Bowdoin, Linda, NCSU
1
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Like all organisms, plants must accurately duplicate their genomes during S phase of the cell cycle. The selection and firing of origins are
thought to play key roles in ensuring that fungi and metazoans accurately replicate their genomes. Much less is known about how plants
regulate DNA replication, in part due to our lack of knowledge of origin sequences in plant systems. We have developed a novel method
for capturing the earliest replicating regions during S-phase in Arabidopsis thaliana Col-0 suspension cells. We fractionated nuclei based
on their position in the cell cycle with 2D-Flourescence Activated Nuclei Sorting (2D-FANS). Nascent DNA from early S-phase nuclei was
sequenced and mapped to the Arabidopsis reference genome to identify early replicating regions that are likely to be near or include
origins. We are characterizing the genomic context of these regions by looking at nucleosome occupancy, epigenetic mark associations,
DNase I hypersensitive sites, and their proximity to genes and different TE families.
Keywords: DNA replication, replication origins, epigenetics, chromatin,
Abstract #146. From Chromatin to RNA: SDG8 regulates H3K36me3 and mRNA processing of gene regulatory networks underlying
nutrient responses (Submission 201)
1
Ying Li , Indrani Mukherjee, Karen E Thum, Jenny Yeoh-Wang, Matthew Brooks, Manpreet S Katari, Sandrine Ruffel, Milos Tanurdzic, W.
Richard McCombie, Robert A Martienssen, Gloria M Coruzzi
1
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Authors: Ying Li, Indrani Mukherjee, Karen E Thum, Jenny Yeoh-Wang, Matthew Brooks, Manpreet S Katari, Sandrine Ruffel, Milos
Tanurdzic, W. Richard McCombie, Robert A Martienssen, Gloria M CoruzziInstitutions: New York University; Purdue University; Cold
spring harbor lab; University of Queensland; INRA, FranceThe mode-of-action of histone methyltransferases and the role of histone
modification in environmental responses is a basic biological question with significant impact in agricultural improvement. Recently, we
probed this question with a case study of a histone methyltransferase named SDG8. We have identified a deletion mutant of sdg8, and
characterized the genome-wide role of SDG8 in regulating histone modification and mRNA processing in environmental responses. We
found that SDG8 deposits H3K36me3 on specific genomic targets, preferentially towards the 3' end of the gene body (Li et al., Genome
Biology 2015). This histone mark is associated with elevated gene expression level. Specifically, SDG8 is required for accurate mRNA
processing such as exon/intron splicing (Li et al., unpublished).On a genome-wide level, we identified 728 high confidence direct targets
of SDG8. This set of SDG8 targets is enriched in specific biological processes including defense, photosynthesis, and nutrient and energy
metabolism. Our results suggested that the histone methyltransferase SDG8 achieves this target specificity through transcription factor
partners (Li et al., Genome Biology 2015). Importantly, SDG8 regulates light responsive genes and nitrogen assimilation gene networks,
indicating a role of SDG8 in environmental responses. Indeed, sdg8 mutant is impaired in environmental responses at the epigenomic
level, in addition to the transcriptional and physiological levels, revealing a new layer of regulation in plant responses to environmental
signals. Reference: Ying Li, et al. The histone methyltransferase SDG8 mediates the epigenetic modification of light and carbon responsive
genes in plants. Genome Biology: 16 (79) (2015)
Keywords: Histone methyltransferase; epigenetic regulation; systems biology; epigenomics; environmental response
Abstract #147. The role of Cytosolic Iron-sulfur cluster Assembly pathway in DNA demethylation and gene evolution. (Submission 214)
1
Xiaokang Wang , Li, Qi, Peking University, Qian, Weiqiang, Peking University
1
Peking University, China
DNA methylation patterns in plants are dynamically regulated by DNA methylation and active DNA demethylation in response to both
environmental changes and development of plant. Beginning with the removal of methylated cytosine by ROS1/DME family of 5methylcytosine DNA glycosylases, active DNA demethylation in plants occurs through base excision repair. So far, many components
involved in active DNA demethylation remain undiscovered. Through a forward genetic screening of Arabidopsis mutants showing DNA
hypermethylation at the EPF2 promoter region, we identified a conserved iron-sulfur cluster assembly (CIA)protein MET18. MET18
dysfunction caused DNA hypermethylation at more than 1000 loci as well as the silencing of reporter genes and some endogenous genes.
As a component of cytoplasmic Fe-S cluster assembly complex, MET18 can directly interact with ROS1 in vitro and in vivo. ROS1 activity
was reduced in the met18 mutant plants and point mutation in the conserved Fe-S cluster binding motif of ROS1 disrupted its biological
function. Interestingly, more than 2000 DNA hypomethylated loci, especially in the CHH context, were identified from the met18 mutants
and most of the hypo-DMRs were from TE regions. The loss of CHH DNA methylation caused the reactivation of some transposons. Our
results suggest that MET18 may regulate both active DNA demethylation and DNA methylation pathways in Arabidopsis.Through the
purification of ROS1 complex and mass spectrometry identification, we identified another cytosolic iron-sulfur cluster assembly pathway
component DRE2. DRE2 acts in an early step in the electron transfer chain for the maturation of iron-sulfur cluster and does not act in the
later substrate targeting step. It has been shown that mutation of DRE2 can affect DME-mediated imprinting genes expression and this
function is independent of its known action in the cytosolic iron-sulfur cluster assembly pathway（Diana Mihaela Buzasa, et al., 2014）.
Our results showed DRE2 and ROS1 could form a complex in vivo, but they didn't have a direct interaction. So there may be other
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components exsiting to link DER2 and ROS1.Nearly all genes encoding CIA pathway members have only one copy. However, we find that
DRE2 does have another copy which shows high similarity with DRE2. Thus, we term it as DRE2-like. We usesd CRISPR-Cas9 to create
mutants of DRE2 and DRE2-like. Due to the essential role of DRE2, we could not get homozygous mutant. But the mosaic dre2 mutant
already showed severe phenotype, such as wrinkled rosette leaves which were spread with white spots and premature senility. We
successfully created a homozygous dre2-like mutant, which showed a totally different phenotype compared to that of the mosaic
dre2 mutant. Mutation of DRE2-like showed three-cotyledons, five-petals, abnormal siliques and severe sterility. It seems that when
DRE2-like was generated due to gene duplication and during the long period of evolution, it did not choose to act in the same pathway as
that of DRE2 and chose to take part in another important pathway, even though their protein sequence were quite similar. But what
contributed to the different choices remained elusive. Our work provides a good model on the investigation of gene evolution.
Keywords: Cytosolic Iron-sulfur cluster Assembly; DNA demethylation; MET18; DRE2; gene evolution
Abstract #148. Changing cell identity during development; reversal of Polycomb repression (Submission 317)
1
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1
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During development, new cell identity is specified by altering the existing transcriptional program. Such transcriptional reprogramming in
turn requires changes of the epigenome, as epigenetic regulatory mechanisms control accessibility of the genomic information for gene
expression. In particular, Polycomb repression silences gene expression programs not needed or detrimental at a given stage, tissue or
condition. I aim to identify epigenetic regulators that can overcome Polycomb repression, and thus enable activation of new gene
expression programs when and where they are required.Towards this end, I have employed a dual genetic enhancer screen in the model
organism Arabidopsis, to identify genes that contribute to upregulation of floral homeotic genes in newly formed flowers, that are likely
to be chromatin regulators. Floral homeotic gene expression is silenced by Polycomb repression up to this developmental stage. I have
identified multiple different complementation groups of epigenetic regulators potentially involved in antagonizing Polycomb repression. I
will present work on one of these complementation groups, which contributes to activation of floral homeotic genes and acts in
opposition to Polycomb at a subset of Polycomb targets. I am particularly interested in the molecular mechanism by which this chromatin
regulator might contribute to activation of silenced genes.
Keywords: flower development; polycomb group; trithorax group
Abstract #149. Regulatory DNA in A. thaliana can tolerate high levels of sequence divergence (Submission 339)
1
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1
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Variation in regulatory DNA is thought to drive evolution. Cross-species comparisons of regulatory DNA have provided evidence for both
weak purifying selection and substantial turnover in regulatory regions. However, disruption of transcription factor binding sites can
affect the expression of neighboring genes. Thus, the base-pair level functional annotation of regulatory DNA has proven challenging.
Here, we explore regulatory DNA variation and its functional consequences in genetically diverse strains of the plant Arabidopsis thaliana,
which largely maintain the positional homology of regulatory DNA. Using chromatin accessibility to delineate regulatory DNA genomewide, we find that 15% of approximately 50,000 regulatory sites varied in accessibility among strains. Some of these accessibility
differences are associated with extensive underlying sequence variation, encompassing many deletions and dramatically hypervariable
sequence. For the majority of such regulatory sites, nearby gene expression was similar, despite this large genetic variation. However,
among all regulatory sites, those with both high levels of sequence variation and differential chromatin accessibility are the most likely to
reside near genes with differential expression among strains. Unexpectedly, the vast majority of regulatory sites that differed in
chromatin accessibility among strains show little variation in the underlying DNA sequence, implicating variation in upstream regulators.
Keywords: Chromatin accessibility Dnase I hypersensitivity
Abstract #150. Regulation of Nucleosome Stability and Gene Expression by Arabidopsis ATPase Brahma and the Histone Variant H2A.Z
(Submission 362)
1
Shannon Torres , Deal, Roger B., Emory University
1
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Differentiating cells acquire a stable transcriptional program necessary for proper development and homeostasis, which is facilitated by
many chromatin components, such chromatin remodelers and histone variants. The histone variant, H2A.Z, is involved in many genomic
processes, including transcriptional regulation. However, the mechanisms through which H2A.Z regulates transcription are currently
unclear and its role in transcription varies depending on the genetic context. Chromatin remodeling by an Arabidopsis SWI/SNF ATPase,
Brahma (BRM), to repress transcription makes the role of H2A.Z necessary for transcriptional activation at some loci. The antagonistic
relationship between BRM and H2A.Z provides a way to study H2A.Z function in the context of other regulatory pressures. So, if we can
understand how BRM affects chromatin organization and transcription using genetic and genomic assays, then we can better understand
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the role of H2A.Z in transcriptional regulation at the same loci. Toward this goal, we have identified genes that are either coordinately or
antagonistically regulated by BRM and H2A.Z-containing nucleosomes, using RNA-seq and ChIP-seq. To explore the mechanism of how
BRM and H2A.Z regulate chromatin, we are using MNase-sequencing to characterize how depletion of one or both affects nucleosome
occupancy and stability at loci where both regulate transcription. In general, BRM contributes to nucleosomes stabilization at loci where
it is enriched and contributes to destabilization of flanking nucleosomes. Further work will characterize how depletion of H2A.Zcontaining nucleosomes affects nucleosome stability and how these two factors interact to facilitate transcription. Ultimately, by
understanding the antagonistic roles BRM and H2A.Z play in transcriptional regulation, we are taking strides to untangle the complicated
in vivo chromatin environment that can either facilitate or obstruct transcription.
Keywords: Chromatin Remodeler; H2A.Z; Nucleosome stability; BRM;Transcription
Abstract #151. Single-Cell Type Profiling of Chromatin Accessibility with INTACT-ATAC-seq Offers Insight into Transcriptional
Regulatory Networks (Submission 363)
1
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1
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Eukaryotic genomes are packaged into a hierarchical structure, called chromatin, which plays a critical role in gene expression. Genetic
regulatory elements found in less compacted chromatin are more accessible to transcription factor (TF) binding, and can modulate the
transcriptional output of target genes. Therefore, being able to detect the relative ‘openness’ of chromatin is crucial to both identifying
active regulatory elements and to understanding the complex network of transcriptional regulatory factors in a given cell type, aspects
that remain poorly characterized in plant species. A technique used to assess chromatin openness is Assay for Transposase-Accessible
Chromatin-sequencing (ATAC-seq), which relies on the activity of a hyperactive transposase to generate next-gen sequencing
libraries. While this method is robust, it has remained challenging to apply in plant tissues as both mitochondrial and chloroplastic DNA
are vulnerable to transposase activity, generating non-nuclear reads that cannot be used in downstream analyses. We utilized Isolation of
Nuclei TAgged in specific Cell Types (INTACT) in Arabidopsis thaliana to increase the efficiency of ATAC-seq by 80%, generating the first
chromatin accessibility dataset in any plant species with single cell-type specificity. Here we examine the chromatin landscape of two
developmentally linked Arabidopsis cell types, root hair and non-hair cells. Our data show that while these cell types appear similar on a
global scale, closer inspection reveals thousands of cell-specific differences at TF binding sites. These differences led to the discovery of a
transcriptional regulatory module unique to the hair cell type, which plays a role in driving both cell-fate regulators and in abiotic stress
responses. INTACT-ATAC-seq allows for the novel examination of chromatin accessibility in plant species with single-cell type specificity,
and reveals new lines of investigation into plant transcriptional regulation.
Keywords: INTACT; ATAC-seq; chromatin; transcription factor; root cell
Abstract #152. Identification of Chromatin Accessibility Changes in Plants During Cell Differentiation and Stress Response (Submission
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1
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1
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Packaging of DNA into highly ordered structures known as chromatin is important for maintaining proper gene expression. Chromatin
packaging changes during cell differentiation and stress response where active gene expression correlates with regions of more loosely
packaged chromatin. To better understand the regulation of cell fate determination we compared chromatin accessibility between
Arabidopsis thaliana pluripotent stem cells of the shoot apical meristem and differentiated mesophyll cells of the leaf. Additionally, we
used differentiated root hair and root non-hair cells to compare chromatin accessibility changes between root and shoot tissue. We
utilized INTACT (Isolation of Nuclei TAgged in specific Cell Types) to isolate nuclei from these cell types and then performed ATAC-seq to
identify regions of highly accessible chromatin. Our results show that the majority of ATAC-seq accessible regions, termed Transposase
Hypersensitive Sites (THSs), are common between shoot stem cells and mesophyll cells and between the root hair and non-hair cells, but
that there is a greater difference in chromatin accessibility between the shoot and root cell types. Using HTSeq-count and DESeq2 we
identified which THSs are specifically enriched for each cell type, and by identifying genes nearest to these THSs we found that these
genes associate with GO terms specific to these cell types, such as organ development in stem cells and response to biotic stimuli in
mesophyll cells. Additionally, we performed footprinting and motif enrichment analyses to identify potential transcription factors that
regulate gene expression in these cell types. Finally, these same techniques and analyses were utilized in Medicago truncatula to identify
how chromatin regulates gene expression in response to submergence stress.
Keywords: ATAC-seq; chromatin; differentiation; stress response; footprints;
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Abstract #153. Identification of accessible chromatin regions and transcriptional regulatory networks for Arabidopsis stem cells and
mesophyll cells using ATAC-seq (Submission 372)
1
Paja Sijacic , Bajic Marko, Emory University, Roger Deal, Emory University
1
Emory University, United States
In higher plants, all above ground tissues are being continuously produced due to activities of pluripotent stem cells located in the central
zone (CZ) of the shoot apical meristem (SAM). Differentiating cells tightly regulate gene expression as they progress from undifferentiated
stem cells to fully differentiated cells that make up the lateral organs such as leaves. To better understand the regulation of cell fate
determination during differentiation we compared the accessible chromatin regions between two cell types in Arabidopsis: pluripotent
stem cells from the SAM and differentiated mesophyll cells of the leaf. We first employed INTACT (Isolation of Nuclei TAgged in specific
Cell Types) to isolate nuclei from these two cell types and then performed ATAC-seq to identify their open chromatin regions. Our results
show that the majority of ATAC-seq accessible regions, which we termed Transposase Hypersensitive Sites (THS), are common between
the two cell types, however there are several thousands THS that are cell-type specific. In addition, genomic distribution of the THS
appears to be very similar between two cell types, with more than 75% being enriched within the regions in Arabidopsis genome where
most of the cis-regulatory elements are found. Furthermore, GO analysis revealed that many of the genes associated with the stem cellspecific THS are involved in regulation of transcription and organ development while the genes nearby the mesophyll-specific THS were
predominantly involved in response to biotic and abiotic stimuli, which correlates well with the known functions of these two cell types.
Finally, we performed DNA footprinting and motif enrichment analyses to generate a list of potential transcription factors that may play
an important role in regulating the basic biological functions of these two cell types.

Gene Regulation:
Abstract #154. PPD-KIX, a conserved protein repressor complex regulating leaf growth in dicots (Submission 21)
1
Alexandra Baekelandt , Nathalie Gonzalez, Laurens Pauwels, Gwen Swinnen, Jan Van Doorsselaere, Geert De Jaeger, Alain Goossens, Dirk
Inzé
1
Plant Systems Biology/UGent, Belgium
Leaf size is regulated by a multitude of pathways, among which cell division plays a pivotal role. In dicots, a large portion of epidermal
cells is derived from the stomatal lineage. In this lineage, stem cell-like precursor cells, called meristemoids, undergo asymmetric
divisions generating pavement cells adjacent to two guard cells constituting a stoma. PEAPOD2 (PPD2) is a transcriptional regulator
negatively regulating meristemoid division in Arabidopsis thaliana (Arabidopsis). We found that PPD2 interacts with KIX8 and KIX9,
adaptor proteins recruiting the co-repressor TOPLESS (TPL) (Gonzalez et al., 2015). Interestingly, the kix8-kix9 mutant and a transgenic
line over-expressing an amiRNA targeting PPD1 and PPD2 (ami-ppd) both have enlarged dome-shaped leaves resulting from increased
meristemoid amplifying divisions. Downstream targets of this PPD2-KIX8/9 repressor complex were identified, including transcription
factors and D3-type cyclins.Genes encoding members of the PPD-KIX repressor complex are absent from Poaceae (grasses), but
conserved in dicots. To shed light on the functional conservation of this complex across different dicot plant species, CRISPR/Cas9
mediated genome editing was used to simultaneously knock-out the KIX8 and KIX9 orthologues in Solanum lycopersicum (tomato).
Primary transformants were obtained where the SlKIX8 and SlKIX9 alleles contain indels leading to a frame shift. These plants and their
progeny exhibited enlarged dome-shaped leaves, reminiscent of Arabidopsis. Consistently, SlKIX8 and SlKIX9 could interact with tomato
orthologues of PPD and TPL.The identified PPD-KIX complex is conserved in dicots only and down regulation of KIX expression has similar
effects on leaf morphology in Arabidopsis as in tomato, indicating that this is a key complex to regulate leaf growth in dicots. Most likely,
this complex plays a role in determining leaf growth in the second dimension, a developmental program absent from monocot grasses.
Abstract #155. Dynamic regulation of PHYTOCHROME INTERACTING FACTOR 5 (PIF5) by CONSTITUTIVE PHOTOMORPHOGENESIS 1/
SUPPRESSOR OF PHYA (COP1/ SPA) complex in Arabidopsis (Submission 27)
1
Vinh Pham , Huq, Enamul, UT Austin
1
The University of Texas at Austin, United States
Light is one of the most important factors that not only regulates plant growth and development but also provides plants the spatial and
temporal information for adaptation to the prevailing conditions. Alteration in the light environment can trigger significant changes in
global gene expression. In Arabidopsis thaliana, two groups of key factors regulating those changes in gene expression are CONSTITUTIVE
PHOTOMORPHOGENESIS/ DET/FUSCA (COP/DET/FUS) and a subset of basic helix-loop-helix transcription factors called Phytochrome
Interacting Factors (PIFs). COP1/SPA1 complex was shown to be essential for the rapid light-induced degradation of PIF1. However, it is
not clear if COP1/SPA1 complex also promotes degradation of other PIFs. In addition, the dynamic regulation of PIF stability under
prolonged light conditions is still unknown. Here, we show that COP1/SPA1 complex is also necessary for the light-induced degradation
of PIF5 under red light. Furthermore, COP1/SPA1 stabilized PIF5 in dark-grown seedlings, but promotes the poly-ubiquitination and
subsequently degradation of PIF5 in response to red light through the 26S proteasome pathway. The genetic analysis illustrates that
overexpressed PIF5 can partially suppress the cop1-4 and spaQ phenotype in the dark and red light conditions. In addition, PIF5 protein
abundance cycles under the diurnal and constant light conditions suggesting PIF5 as a key factor regulating diurnal growth rhythms.
Taken together, our data illustrate the dynamic mechanism of regulating PIF5 polyubiquitination, degradation and the suppression of
photomorphogenesis via the COP1/SPA1 E3 ligase.
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Keywords: bHLH transcription factor, phytochrome interacting factors, E3 Ubiquitin ligase, photomorphogenesis, Proteasome
degradation
Abstract #156. Mediator complex subunits Med25 and Med16 Promote Papillae Formation on Trichome Cell Walls (Submission 31)
1
Christy Moore , Rickerd, Trevor, Illinois State University, Suo, Bangxia, Illinois State University, Zahde, Mais, Illinois State University,
Juveland, Katelyn, Illinois State University, Kirik, Viktor, Illinois State University
1
Illinois State University, United States
The plant cell wall plays an important role in communication, defense, organization and support. The importance of each of these
functions varies by cell type, with specialized cells, such as Arabidopsis trichomes, or leaf hairs, exhibiting distinct cell wall characteristics,
including papillae. To better understand the molecular processes important for papillae deposition on the cell wall surface, we identified
the GLASSY HAIR 1 (GLH1) and GLASSY HAIR 2 (GLH2) genes, which are necessary for papillae formation. We found that a splice-site
mutation in the component of the transcriptional Mediator complex MED25 gene is responsible for the papillae-less phenotype of the
glh1 mutant. Preliminary elemental analysis indicates that calcium ion accumulation in trichomes is strongly reduced in glh1 mutants,
suggesting that the processes important for papillae deposition may also be important for calcium deposition at the trichome cell wall
surface. Fortuitously, the glh2 mutation was mapped to a gene encoding the Mediator complex subunit MED16. A GFP-MED16 fusion was
shown to localize to the nucleus, consistent with a role in transcriptional regulation. The MED25 and MED16 genes are expressed in
trichomes. The expression of the trichome development marker genes GLABRA2 (GL2) and Ethylene Receptor2 (ETR2) is not affected in
the glh1 or glh2 mutants. Collectively, the presented results show that MED25 and MED16 are necessary for papillae formation on the
cell wall surface of leaf trichomes and that the Arabidopsis MED25 and MED16 Mediator components are likely involved in the
transcription of a subset of genes that promote papillae deposition in trichomes.
Keywords: trichomes; papillae; mediator complex; cell wall
Abstract #157. Regulatory networks during seed development (Submission 57)
1
Ran Tian , Fangfang Wang, Qiaolin Zheng, A. Bruce Downie, Sharyn Perry
1
University of Kentucky, United States
Regulatory networks during seed development Ran Tian; Fangfang Wang; Qiaolin Zheng; A. Bruce Downie; Sharyn Perry Plant embryo
development is important because seeds make up around 70% of the human diet directly. Understanding regulatory mechanism to
generate a seed is fundamentally important. The LAFL genes encode transcriptional regulators that are critical for seed development.
Three members of LAFL, LEAFY COTYLEDON2 (LEC2), ABSCISIC ACID3 (ABI3) and FUSCA3 (FUS3), are B3 domain factors that bind DNA
motifs called RY motifs that have a core sequence of CATG. While LEC2 is expressed earlier in embryo development, ABI3 and FUS3 are
expressed during later development. LEC2 and FUS3, but not ABI3 can induce embryo-specific programs after completion of germination
in a process called somatic embryogenesis. Prior work determined direct and indirect targets of FUS3. Here we report on direct
responsive targets of ABI3, and compare to the direct targets with FUS3. Interestingly we found that ABI3 can directly up-regulate some
key regulatory genes involved in embryo development, but also repressor targets. Some genes encoding proteins of unknown function,
that are targets not only of ABI3 and FUS3, but also of the embryo MADS-factor AGL15, are being studied, to understand interactions
between these factors and roles of these targets.
Keywords: Embryo development; Gene regulation; Transcription factors; ChIP(Chromatin immunoprecipitation); Seed development
Abstract #158. Role of PCB1, a putative Ca2+-binding protein, in plant defense against the green peach aphid (Submission 71)
1
Devasantosh Mohanty , Jyoti Shah, Joe Luis, Hossain Ali Mondal, Sujon Sarowar, Sumita Behera
1
University of North Texas, United States
PHYTOALEXIN-DEFICIENT 4 (PAD4), which is a nucleocytoplasmic protein with homology to acyl hydrolases, is involved in modulating
plant defense against pathogens. Our studies have shown that PAD4 also has a role in Arabidopsis defense against the green peach aphid
(GPA), Myzus persicae. PAD4 expression is upregulated at the site of aphid feeding from the vasculature, as well as in adjacent cells.
However, the mechanism and components of the PAD4-regulated pathway in defense against the GPA are poorly understood. We have
identified a putative Ca2+-binding EF hand protein-encoding gene PCB1 (PAD4-DEPENDENT Ca2+-BINDING PROTEIN), which is expressed
at elevated levels at the site of GPA feeding from the vasculature. PAD4 function is essential for the upregulation of this gene. Insect
bioassays confirm that like PAD4, PCB1 has an important role in controlling the GPA population on Arabidopsis. GPA population size is
significantly larger on a pcb1 mutant plants, and smaller on plants overexpressing PCB1 from the Cauliflower mosaic virus 35S promoter.
Further, PCB1 overexpression restored resistance in the pad4 mutant background, while constitutive expression of PAD4 from the 35S
promoter was unable to restore resistance in the pcb1 mutant, thus suggesting that PCB1 functions downstream of PAD4 in defense
against the GPA. Future efforts are directed at understanding the molecular function of PCB1 and its potential contribution to defense
against the GPA, and other pathogens and insects, as well.
Keywords: Plant defense, Biotic Stress, Green Peach Aphid
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Abstract #159. Comparative and quantification analyses of RTFL/ DEVIL suppressors (Submission 195)
1
Pin Guo , Yamaguchi, Takahiro, Acel, Inc. SIC1 Japan., Abe, Tomoko, RIKEN Nishina Center., Tsukaya, Hirokazu, The University of Tokyo,
National Institutes of Natural Sciences.
1
The University of Tokyo, Japan
The land plant-specific RTFL/DEVIL family encodes small peptides functioning in the regulation of positional cues and polarized cell
proliferation of multiple developmental processes in Arabidopsis thaliana. Up to now, our understanding of above biological function of
RTFL/DEVIL family is mainly based on the pleiotropic phenotypes of the lateral organs among transgenic overexpressors in A. thaliana.
The loss-of-function lines, however, provide little information on the function of RTFL/DEVIL family, suggestive of a high level of its
genetic redundancy in A. thaliana.In this study, a double-RTFL/DEVIL overexpressor (p35S::ROT4/OsRTFL3) in A. thaliana, which was
constructed with two RTFL/DEVIL members from A. thaliana and Oryza sativa, was mutated by heavy-ion beam irradiation. Up to now,
two suppressors (sup-1 and sup-2) which showed rescued phenotypes on the length of rosette leaf were obtained after screening of
18,680 M2 populations. Both the ROT4 and OsRTFL3 were confirmed highly expressed in above two suppressors by RT-PCR, indicating
that the casual genes for the suppression might be present in the downstream of RTFL/DEVIL signaling pathway. The backcrossing of sup1 and sup-2 and progeny segregation ratio showed that a single mutation was responsible for the suppression in sup-1, while at least two
mutations in sup-2. The leaf phenotypes of the two suppressors were compared and quantified via the analyses of leaf blade index, cell
number and size, EdU staining of leaf primordia and so on. Root phenotypes of both RTFL/DEVIL overexpressors and suppressors will also
be analyzed and reported.
Keywords: RTFL peptide family; leaf morphogenesis; suppressors; irradiation mutagenesis
Abstract #160. A family of putative elongation factors that can promote or inhibit transcription depending on genomic context
(Submission 199)
1
Pascal Martin , Yu, Xuhong, Indiana University, Thum, Karen E, Indiana University, Michaels, Scott D, Indiana University
1
Indiana University, United States
The regulation of transcription and chromatin organization in plants presents both similarities and specificities compared to those in
animals and fungi. Comparatively, limited information is available on how transcription elongation is regulated in plants and how gene
expression is compartmentalized in the nucleus.Here, we focused on a family of three putative transcription elongation factors (TEFs) in
Arabidopsis. In this work, we performed genome-wide studies to investigate their function. RNAseq defined repertoires of hundreds of
genes that were either up- or downregulated following the disruption of all three TEF genes. Single tef mutants exhibited very limited
effects on gene expression, suggesting at least partial function redundancy. Genome-wide TEF localization by ChIP-seq correlated globally
with RNA Polymerase II (PolII) occupancy and consequently with gene expression levels. For a number of genes, TEFs appear to
participate in a complex enriched at the 3'-end of genes, likely involved in RNA 3' processing and transcription termination. Consistently,
our analyses revealed that in tef mutant plants, a large fraction of genes were downregulated, most likely as a result of transcriptional
interference. In these mutants, defective transcriptional termination and/or 3' PolII pausing likely generates cis interference with
transcriptional initiation at the promoter of downregulated downstream genes. On the other hand, genes upregulated in tef mutant
plants exhibit a specific pattern of chromatin marks, PolII distribution and TEF localization that may determine their sensitivity to TEF
depletion. The effects on both the up- and downregulated genes are thus consistent with a function of TEFs as negative elongation
factors. Their opposite gene expression outcomes are determined by the specific chromatin and transcription contexts of the gene itself
and of its direct neighbors.
Keywords: transcription elongation; RNA polymerase II; chromatin; transcriptional interference
Abstract #161. Analysis of Berberine Bridge Enzyme-like Family Genes Potentially Involved in Leaf Development (Submission 202)
1
Allison Newton , William Schryver, Darron Luesse
1
Southern Illinois University - Edwardsville, United States
In plants, the synthesis of isoprenoids and isoprenoid-related compounds such as chlorophyll, carotenoids, tocopherols, phytoalexins,
and gibberellins require the GERANYLGERANYL DIPHOSPHATE SYNTHASE (GGPPS) gene family. In Arabidopsis thaliana (At), a point
mutation in one member of this family, ggpps11, results in rounded, variegated rosette and cauline leaves with irregular margins. The
variegation patterning is typically reproducible, with the center of the leaves being albino and the periphery phenotypically wild
type. We have compared the transcriptome of wild type, ggpps11 white sectors, and ggpps11 green sectors. This analysis revealed a
group of twelve Berberine Bridge Enzyme-like (BBE-like) proteins which are differentially regulated between the two mutant
tissues. Although At does not produce endogenous berberine, exogenous application of berberine leads to pointy leaves, likely resulting
from inhibition of adaxial cell differentiation by berberine, causing the leaf-polarity defects. To identify how these genes are involved in
leaf development and polarity, T-DNA lines with individual mutations in the BBE-like genes were identified and obtained as segregating
populations from the Arabidopsis Biological Research Center. We have used PCR analysis to identify homozygous mutant lines for all
family members except BBE-like23, which appears to be embryonic lethal. We have determined phylogenetic relationships between BBElike family genes and are using the information to create double mutants between the most closely related pairs. Because Atbbe28
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mutants show reduced salt tolerance and biomass, and BBEs in other plants are upregulated in response to stress and pathogenic attack,
leaves from bbe-like mutants grown in normal conditions as well as salt stress conditions will be examined. Leaves will be examined for
1) overall leaf architecture using the open access LAMINA program and 2) differential RNA expression of known leaf-polarity determining
genes using qRT-PCR.
Keywords: leaf development
Abstract #162. Rescue study of GGPPS (Submission 203)
1
Toria Trost , Darron Luesse
1
Southern Illinois University Edwardsville, United States
A plant’s ability to photosynthesize is dependent on the presence of isoprenoid-derived compounds such as chlorophyll and carotenoids.
One important precursor molecule, synthesized as part of the MEP pathway, is GGPP. Production of GGPP is catalyzed by the small family
of GERANYLGERANYL DIPHOSPHATE SYNTHASE (GGPPS) enzymes. In Arabidopsis thaliana there are twelve members in the GGPPS family.
While GGPPS11 is considered to be dominant member and known to be primarily responsible for the production of most photosynthetic
isoprenoids, the remaining family members still display enzymatic activity. A point mutation in ggpps11 (ggpps11-1) produces a
temperature sensitive variegated leaf phenotype with green on the edges and a white or yellow color in the middle of the leaf. The leaves
of this mutant are also smaller in size than their wildtype counterparts. This work seeks to determine if the other family members, when
constitutively expressed and targeted to the chloroplast, can rescue the variegated phenotype of ggpps11-1. A gateway construct for
each gene will be produced that contains the coding region of the gene (minus any N-terminus targeting sequence), the chloroplast
targeting sequence from tobacco, and a C-terminus GFP tag. These are being assembled via a Gibson reaction and then transformed into
a destination vector prior to Agrobacterium tumefaciens transformation of wild-type and ggpps11-1 plants. By performing this rescue
study, we hope to determine if another member of the GGPS family will be able to compensate for the mutated GGPS11 enzyme.
Keywords: GGPPS; rescue study
Abstract #163. Functional Analysis of the WRKY Transcription Factor in Green Algae (Submission 288)
1
Kevin Cox , Ping He, Libo Shan
1
Texas A&M University, United States
Plants are sessile organisms that endure with a variety of abiotic and biotic stresses. To cope with these challenges, plants rely on
dynamic and profound transcription regulation in response to external and internal cues in order to maintain their growth and
development. Transcription factors are known to play key roles in maintaining the specificity and robustness in various signaling
pathways. The WRKY transcription factors are plant-specific and among one of the largest families of transcription factors that are known
to play a prevalent role in abiotic and biotic stresses. It remains unknown how higher plants have developed a relatively large number of
WRKYs in their genomes and the evolutionarily origin. Interestingly, we have found that there appears to be only one WRKY gene in the
genome of Chlamydomonas reinhardtii, an ancient plant species. Functional analysis has revealed that CrWRKY functions as a
transcriptional repressor that localizes to the nucleus. In addition, CrWRKY appears to be induced by abiotic factors, such as heat and salt,
similar to some of the WRKY genes in higher plants. Future work involves silencing CrWRKY in green algae and overexpressing the gene in
Arabidopsis to perform further functional analysis. The work will provide insights on how one of the key regulators of plant stress evolved
from a single gene in green algae to a large number in higher plants.
Keywords: WRKY Transcription Factor; Functional Genomics; Evolution; Chlamydomonas reinhardtii; Abiotic and Biotic Stress
Abstract #164. Regulation of growth-defense balance by the JAZ-MYC transcriptional module (Submission 290)
1
Qiang Guo , Ian T. Major, Yuki Yoshida, Marcelo L. Campos, George Kapali, Xiu-Fang Xin, Koichi Sugimoto, Dalton de Oliveira Ferreira,
Sheng Yang He, Gregg A. Howe
1
Michigan State University, United States
Plant resistance to insect herbivores is controlled in large part by the stress hormone jasmonate (JA), which also acts as a potent inhibitor
of plant growth. JA promotes the degradation of JASMONATE ZIM DOMAIN (JAZ) proteins, liberating diverse transcription factors (TF) to
execute JA responses. However, little is known about how combinatorial complexity among JAZ-TF interactions maintains control over
myriad aspects of growth, development, reproduction, and immunity. To investigate the contributions of MYC TFs to JA responses in
Arabidopsis thaliana, we removed MYC2/3/4 in a jaz quintuple mutant (jazQ). Comparison of jazQ and a jazQ myc2 myc3 myc4 octuple
mutant showed that MYC TFs are responsible for JA-dependent regulation of root growth, chlorophyll degradation, and susceptibility to
the pathogen Pseudomonas syringae. We found that MYC TFs also control both the enhanced resistance of jazQ leaves to insect
herbivory and restricted leaf growth of jazQ. Genome-wide expression profiling of the mutant showed that triterpenoid biosynthetic and
glucosinolate catabolic genes are upregulated in jazQ independently of MYC TFs. Our study highlights the utility of genetic epistasis to
unravel the complexities of JAZ-TF interactions and demonstrates that MYC TFs exert master control over a JAZ-repressible
transcriptional hierarchy that governs growth-defense balance.
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Keywords: Jasmonates; JAZ repressors; MYC transcription factors; growth-defense tradeoffs; resistance to insect herbivory
Abstract #165. Differential spatiotemporal and epigenetic regulation of type I MADS-box gene expression by Polycomb Repressive
Complex 2 during early endosperm development in Arabidopsis (Submission 297)
1
Shanshan Zhang , Dongfang Wang, Huajian Zhang, Megan I. Skaggs, Alan Lloyd, Di Ran, Lingling An, Karen S. Schumaker, Gary N. Drews,
Ramin Yadegari
1
University of Arizona, United States
Endosperm is a product of double fertilization and functions as a nutritive tissue in the angiosperm seed to support the growth of the
embryo and/or the germinating seedling. In most angiosperms, early endosperm development follows a coenocytic pattern; that is,
endosperm nuclei proliferate in absence of cellularization before undergoing a transition to cellular development. Functional analyses
have indicated that this coenocytic program is normally repressed prior to fertilization by the Fertilization-Independent Seed (FIS)Polycomb Repressive Complex 2 (PRC2), a putative H3K27 methyltransferase. Similarly, transition to endosperm cellularization is also
regulated by the same complex as mutations in FIS-PRC2 components produce abnormally proliferating, non-cellularized endosperm
upon fertilization. Some of the members of the type I MADS-box transcription-factor gene family were previously identified as target
genes of the FIS-PRC2 complex. These genes have been shown to regulate coenocytic development, be expressed in the coenocytic
endosperm, and/or upregulated in crosses with excess paternal genome. In order to understand the role of the FIS-PRC2 complex in
regulation of the whole type I MADS-box gene family, we undertook a systematic expression analysis of type I MADS-box genes during
early seed development. Using quantitative reverse transcriptase PCR and gene-fusion reporter line analyses, we show that a subclass of
type I MADS-box genes (C2 genes) that are specifically upregulated during the coenocytic phase in wild-type seeds are dysregulated in
the mutant. Furthermore, using allele-specific expression analysis, we have identified a subset of C2 genes as being subject to FIS-PRC2dependent maternal imprinting or FIS-PRC2-independent paternal imprinting. We have synthesized our data with the available published
data to propose a model of how FIS-PRC2 regulates C2 type I MADS-box gene expression in early endosperm development.
Keywords: Arabidopsis endosperm; fertilization-independent seed; Polycomb Repressive Complex 2; type I MADS-box genes; gene
expression and silencing
Abstract #166. Posttranscriptional regulation of mitochondrial gene expression in Arabidopsis (Submission 301)
1
Ming-Hsiun Hsieh , Hsieh, Wei-Yu, Academia Sinica, Sung, Tzu-Ying, Academia Sinica, Tseng, Ching-Chih, Academia Sinica, Liao, Jo-Chien,
Academia Sinica, Chang, Chiung-Yun, Academia Sinica
1
Academia Sinica, Taiwan
Mitochondria play an important role in maintaining metabolic and energy homeostasis in the cell. In plants, impairment in mitochondrial
functions usually has detrimental effects on growth and development. To study genes that are important for plant growth, we have
isolated a collection of slow growth (slo) mutants in Arabidopsis. The slo1 mutant is defective in a gene encoding an E motif-containing
pentatricopeptide repeat (PPR) protein that is required for mitochondrial nad4-449 and nad9-328 RNA editing. The SLO1 PPR protein is
localized to the mitochondrion, may indirectly regulate plant growth and development via affecting mitochondrial RNA editing. By
contrast, the slo3 mutant is impaired in a gene encoding a classic P-type PPR protein. The SLO3-GFP is localized to the mitochondrion.
Further analysis of mitochondrial RNA metabolism revealed that the slo3 mutant was defective in splicing of nad7 intron 2. This specific
splicing defect led to a dramatic reduction in complex I activity and thus delayed the growth and development in the mutant. Taken
together, our studies on the slo1 and slo3 mutants support the notion that PPR proteins play an important role in posttranscriptional
regulation of mitochondrial gene expression in Arabidopsis.
Keywords: mitochondrion; RNA editing; RNA splicing; PPR protein
Abstract #167. Small RNA evolution across the Brassicaceae (Submission 304)
1
Aleksandra Beric , Mabry, Makenzie, Division of Biological Sciences University of Missouri-Columbia, Brose, Julia, Department of
Biochemistry University of Missouri-Columbia, Pires, J. Chris, Division of Biological Sciences University of Missouri-Columbia, Meyers,
Blake C. , Donald Danforth Plant Science Center, Division of Plant Sciences University of Missouri-Columbia
1
Donald Danforth Plant Science Center, United States
Small RNA evolution across the BrassicaceaeAleksandra Beric1,2, Makenzie Mabry3, Julia Brose4, J. Chris Pires3, Blake C.
Meyers1,2 1Donald Danforth Plant Science Center, St. Louis, Missouri2Division of Plant Sciences, University of Missouri, Columbia,
Missouri3Division of Biological Sciences, University of Missouri, Columbia, Missouri4Department of Biochemistry, University of Missouri,
Columbia, Missouri Abstract MicroRNAs (miRNAs) are ~21 nucleotide non-coding RNAs that play an important role in the proper
regulation of gene expression. They are involved in plant development, signal transduction, response to pathogens and abiotic stress, and
trigger biogenesis of other small RNAs, namely tasiRNAs or phasiRNAs. Though some miRNAs are conserved between angiosperms and
other non-seed plants, the majority of miRNA families seem to have a more narrow phylogenetic distribution. Here we focus specifically
on the diversification of miRNAs in Brassicaceae, a phenotypically diverse and economically significant family of eudicots which includes
species ranging from food crops to ornamental plants to a well-known model system, Arabidopsis thaliana. Rapid diversification paired
with multiple hybridization and whole genome duplication events make the elucidation of phylogenetic relationships among clades
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challenging. To understand the impact of speciation and polyploidy on miRNA evolution, we sampled miRNAs from 21 species spanning
the four major, known Brassicaceae lineages to represent the diversity in the family, as well as an outgroup from the Cleomaceae family.
Studying the variation of miRNAs in these species could reveal patterns of both conservation and lineage-specific miRNA and tasiRNA
emergence that reflect phylogenetic relationships within the family.
Keywords: small RNAs; evolution; Brassicaceae; miRNA;
Abstract #168. Stabilization of AGO4 by single-stranded siRNA in Arabidopsis thaliana (Submission 306)
1
WEN CHEN , Gohlke, Jochen, UA, Grover, Jeffrey W., UA, Mosher, Rebecca A., UA
1
University of Arizona, United States
Eukaryotic organisms use chromatin modifications, such as histone modification and DNA cytosine methylation, to regulate gene
expression. In plants, RNA directed DNA methylation (RdDM) triggers methylation and silencing of repetitive sequences such as
transposons. During RdDM, ARGONAUTE 4 (AGO4) binds 24 nt siRNA in the cytoplasm and directs DNA methylation to complementary
sequences in the nucleus. Here we report that AGO4 accumulation is positively correlated with siRNA abundance, although AGO4
transcript level is unchanged in the absence of siRNA. Furthermore, AGO4 accumulation requires siRNA binding and passenger strand
cleavage. The requirement for siRNA loading cannot be bypassed by nuclear localization of AGO4, and nuclear localization is not required
for AGO4 accumulation. Together, this evidence indicates that AGO4 is unstable unless correctly loaded with single-stranded siRNA.
Keywords: RdDM; AGO4; protein accumulation
Abstract #169. Comprehensive Analysis of RDR-independent Small RNAs in Arabidopsis thaliana (Submission 308)
1
Seth Polydore , Michael J. Axtell
1
The Pennsylvania State University, United States
Plant small RNAs (sRNAs) are 20-24 nucleotide regulatory molecules whose biogenesis is dependent on Dicer-Like (DCL) endonucleases,
and which function in complexes with Argonaute (AGO) proteins. Many DCL substrates are double-stranded RNA made by RNA
Dependent RNA Polymerases (RDR). Three Arabidopsis thaliana RDRs are known to contribute to sRNA biogenesis, RDR1, RDR2, and
RDR6. However, some types of sRNAs are generated independent of RDR1, RDR2, and RDR6. Known RDR1/2/6-independent sRNAs
include microRNAs (miRNAs), inverted repeats short interfering RNAs (ir-siRNAs), and natural anti-sense siRNAs (nat-siRNAs). Here, we
use sRNA-seq from an rdr1/rdr2/rdr6 triple mutant to identify a comprehensive list of RDR-independent sRNA loci. After removing
known types of RDR1/2/6-independent loci, we found 545 loci that could not be classified via previously identified biogenesis
mechanisms, many of which are double-stranded and overlap with genes. Our results indicate that there may be novel RDR-independent
sRNA biogenesis mechanisms. We also identify many questionable MIRNAs annotations.
Keywords: RDR1/2/6-independent; RNA Dependent RNA Polymerases; miRBase miRNAs; Natural antisense siRNAs
Abstract #170. Histone acetylation regulator CD3 mediates seed germination by enhancing ABI5 expression (Submission 311)
1
Bo Zhao , Likai Wang
1
University of Texas at Austin, United States
Histone acetylation is dynamically controlled by histone acetyltransferases (HATs) and histone deacetylases (HDACs) which are specific
for acetylation changes of H3 and H4 N-terminal. In general, acelytated histone by HAT will activate gene expression and removed
acetylation by HDAC is associated with transcriptional repression and gene silencing. Histone acetylation has been reported involved in
seed germination and dormancy by coordinating hormonal regulation such as induction and maintenance of seed dormancy by abscisic
acid (ABA) and dormancy release by gibberellin (GA). The histone acetylation regulator CD3 that had been found to enhance H3K14ac and
H3K23ac level in promoters of most ethylene responsive genes and its over-expression resulted in 80% up-regulated genes in the
transcriptome profiling. Here we identified the new function of CD3 in seed germination regulation. Over-expressed CD3 showed much
more sensitivity to ABA during seed germination compared to wildtype, and CD3 regulated genes shared much correlation with ABA
responsive genes, indicating its role in ABA-mediated seed germination pathway. Further investigation suggested ABI5 was more
accumulated at transcriptional and protein level in CD3 OE than in WT. Interestingly, CD3 interacted with ABI5 and both bound to ABI5
promoter to initiate ABI5 autoregulation. We speculated that CD3 mediated ABI5 feedback loop by altering histone acetylation during
ABA treatment which was still undergoing.
Keywords: histone acetylation, germination, ABA
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Abstract #171. NUCLEAR FACTOR Y, subunit A (NF-YA) proteins positively regulate flowering and act through FLOWERING LOCUS T
(Submission 322)
1
Chamindika Siriwardana , Gnesutta, Nerina, Universita degli Studi di Milano, Kumimoto, Roderick, University of California, Jones, Daniel,
University of Oklahoma, Myers, Zachary, University of Oklahoma, Mantovani, Roberto, Universita degli Studi di Milano, Holt III, Ben,
University of Oklahoma
1
University of Oklahoma, United States
Photoperiod dependent flowering is one of several mechanisms used by plants to initiate the developmental transition from vegetative
growth to reproductive growth. NF-Ys are heterotrimeric transcription factors, composed of the three independent protein families
called the NF-YA, NF-YB, and NF-YC. While it is known that specific NF-YB and NF-YC subunits interact and function together with
CONSTANS (CO) to regulate flowering, the role and specific NF-YAs remained in question. Here we tested the hypothesis that the NF-YAs
act as positive regulators of photoperiod dependent flowering, using three independent approaches. Our first approach was to create a
mutant version of NF-YB that loses interaction with NF-YA, but not NF-YC. The mutant was overexpressed in the late flowering nf-yb2 nfyb3 double mutant, and was found not to complement the late flowering phenotype, indicating that NF-YB requires interaction with NFYA to regulate flowering responses. Our second approach was to examine NF-YA overexpression. Here we were able to identify that two
NF-YA overexpressors, NF-YA2 and NF-YA6, drove early flowering and led to the upregulation of a key floral integrator FT. Finally, we
provided experimental evidence that a NF-YA/NF-YB/NF-YC trimer complex forms on the promoter of FT. In summary, we provide strong
support, in the form of genetic and biochemical analyses, that NF-YA, in complex with NF-YB/NF-YC proteins, can directly bind the distal
CCAAT box in the FT promoter and are positive regulators of flowering in an FT-dependent manner.
Keywords: NF-YA2, Photoperiod dependent flowering, NF-Y,
Abstract #172. Expression Analysis of Forked 1 and Forked-Like Genes During Development and in Response to Hormones (Submission
337)
1
Kurtis Clarke , Veenendaal, Janelle, University of Lethbridge, Prabhakaran-Mariyamma, Neema, University of Lethbridge, Schultz,
Elizabeth, University of Lethbridge
1
University of Lethbridge, Canada
The polar distribution of auxin by PIN proteins is critical for root and leaf development. Auxin based developmental processes rely on the
PINFORMED (PIN) genes to export auxin in a directional manner. The protein FORKED1 (FKD1) is involved in leaf vein pattern formation
and is required for proper PIN1 localization in provascular cells. Compared to the closed loops formed by wild type leaf veins, mutation to
FKD1 results in an open leaf vein pattern. FKD1 is a member of a 9-member gene family (the FORKED-LIKE (FL) family). While single
mutants of other FL gene family members (fl1, fl2, and fl3) result in no phenotype, a quadruple mutant of fkd1 with fl1, fl2, and fl3 has
severely disconnected veins and significantly reduced root elongation. The pleiotropic effects of mutating multiple members of the gene
family potentially suggests their redundant action in several important developmental processes. In order to investigate the role of these
genes, lines expressing promoter GUS fusions have been created to visualize spatio-temporal gene expression. Consistent with the
mutant phenotypes, expression of FKD1, FL1, and FL2 overlap in both leaf and root tissues, however all three genes have unique
expression characteristics. in silico promoter analysis revealed putative cis-regulatory elements that regulate gene expression in response
to auxin and ABA. Treatment of both FKD1:GUS and FL1:GUS expressing lines support the hypothesis that members of the FL gene family
are regulated by both auxin and ABA. The regulation of members of this gene family by auxin and ABA support their role in vascular tissue
development, and indicate that this family may, in part, be regulated in response to abiotic stress.
Keywords: Development; Leaf venation; cis-regulatory elements; auxin; ABA
Abstract #173. Transcriptional regulation of the Arabidopsis tricarboxylic acid cycle (Submission 338)
1
Michelle Tang , Li, Baohua, UC Davis, Zhou, Xue, UC Davis, Ngo, Richard, UC Davis, Cruz, Neiman, UC Davis, Clark-Wiest, Caitlin, UC Davis,
Brady, Siobhan, UC Davis, Kliebenstein, Daniel, UC Davis
1
UC Davis, United States
The tricarboxylic acid (TCA) cycle is a central primary metabolic pathway that generates carbon precursors and energy-rich carrier
molecules required for cellular function. Regulation of TCA cycle genes is of particular interest in plants since metabolism must be finely
tuned and coordinated across the multi-cellular plant to optimize growth and development under various environmental conditions.
Transcriptional regulation is likely critical to this coordination but is vastly understudied. To understand how the TCA cycle is
transcriptionally regulated, we mapped the transcription factors that bind to and putatively regulate enzyme-encoding genes in the
Arabidopsis TCA cycle using an enhanced yeast one-hybrid system. We have identified 3996 interactions between 915 transcription
factors and 55 promoters of TCA cycle genes in the yeast one-hybrid assays. Combined with correlation analysis using gene expression
datasets, we have selected 18 transcription factors for biological validation. We predict that transcription factors can integrate specificity
of TCA cycle gene expression in a tissue- and condition-dependent manner to match development or stress response programs. We will
evaluate the growth, physiological and molecular consequences of perturbing transcriptional regulation of TCA cycle genes using
insertional mutants of transcription factors.
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Abstract #174. Cell cycle dependant regulation and function of Argonaute 1 in plants (Submission 351)
1
Adrien Trolet , Baldrich, Patricia, Donald Danforth Plant science center, Criqui, Marie-Claire, IBMP-CNRS, Clavel, Marion, IBMP-CNRS,
Meyers, Blake C., Donald Danforth Plant science center, Genschik, Pascal, IBMP-CNRS
1
IBMP-CNRS, France
The RNA silencing (RNAi) is a biological process, which plays a key role in a wide range of eukaryotes, such as gene expression regulation,
transposable elements control and antiviral defense. In human, several studies showed that miRNAs and AGO2 are involved in the
regulation of the cell cycle. Indeed, many cell cycle regulators such as cyclins, CDKs, CDK inhibitors, RBR proteins or E2F transcription
factors have been identified as miRNA targets. Transcriptional data suggest that these cell cycle miRNAs are differentially accumulated
during cell cycle progression and that misregulation of some could lead to proliferative diseases. However, in plants, almost nothing is
known about the cell cycle regulation through miRNAs. Unpublished datas from the lab suggest that the Arabidopsis AGO1, which is the
most important Argonaute for miRNA-mediated gene regulation, is essential for cell proliferation. In order to investigate the role of AGO1
during cell cycle, we setup a system based on cell cycle synchronization of tobacco BY-2 cell suspensions expressing a GFP fused AGO1.
First, we monitored the regulation of AGO1 at the transcript level and protein level. Preliminary results showed that the AGO1 protein
accumulated during G2/M but becomes less abundant during G1. This pattern of AGO1 protein accumulation cannot be explained by
AGO1 transcript level or its regulatory miRNA168, suggesting post-translational regulation of AGO1 during cell cycle. We also investigated
the localization of GFP-AGO1 during the cell cycle and revealed AGO1 containing nuclear bodies during S phase. However, the nature of
theses bodies will need further investigations. Finally, we now plan to sequence small RNAs from S, G2, M and G1 phases of synchronized
cells and investigate whether putative cell cycle specific miRNAs can be highlighted.
Keywords: cell cycle; RNA silencing; miRNA; cell suspension

Hormone Signaling:
Abstract #175. RERJ1 – a wound responsive JA dependent early inducible bHLH transcription factor is involved in the rice JA-signaling
system together with OsMYC2 and OsJAZ (Submission 10)
1
Ioana Valea , Miyamoto, Koji, Teikyo University, Okada, Kazunori, The University of Tokyo
1
The University of Tokyo, Japan
Pathogen and herbivore-induced damage in plants is the main cause for yearly yield losses and subsequent economic ones. (Oerke, 2006)
The jasmonic acid (JA) pathway is one of the significant ones shaping the fitness straining plant defense among other influences on plant
life stages. (Staswick et al., 1992) RERJ1 (rice early responsive to jasmonates 1) has been previously shown to be a basic helix-loop-helix
(bHLH) transcription factor involved in the early JA signaling in rice. In response to wounding it reaches its peak within 30 minutes after
treatment. (Kiribuchi et al., 2004) The main focus of our study is to characterize the function of RERJ1 within the JA signaling system with
regard to OsMYC2, acting as an activator, and OsJAZ, the main known inhibitor group (Uji et al., 2016). Our approach is on transcriptional
level, tracking the transcriptional activity of RERJ1 in mutants such as rerj1-TOS17 knock-down and OsMYC2 RNAi; on protein level
identifying direct interactions between RERJ1 with OsMYC2 and OsJAZ; as well as examining their promoters and identifying RERJ1`s
specific cis-binding elements through ChIP-qPCR. A differential temporal pattern of expression until 4h after JA treatment and wounding
in the rerj1-TOS17 mutant shows that RERJ1 influences a wide range of the 15 known OsJAZ, several of which are known to be involved in
defense mechanisms, light response and other JA-regulated developmental stages of rice plants. OsMYC2 transcript as well seems to be
slightly affected by RERJ1. In support the protein-protein interaction within a yeast two-hybrid assay shows RERJ1 being able to physically
interact with a wide range of OsJAZ, leading to the hypothesis that RERJ1 is directly involved and shapes the known feedback loop
between OsMYC2 and OsJAZ (Kazan and Manners, 2013).
Keywords: bHLH rice transcription factors; jasmonic acid signaling in rice; rice environmental responses; RERJ1, OsJAZ and OsMYC2
regulatory loop
Abstract #176.- Withdrawn
Abstract #177. Identification and characterization of microRNAs involved in Brassinosteroids signaling in plants (Submission 32)
1
Gunjan Sirohi , Kapoor Meenu, Guru Gobind Singh Indraprastha University
1
Guru Gobind Singh Indraprastha University, Dwarka, New Delhi, India, India
Plant hormones including abscisic acid (ABA), ethylene, gibberellins, auxin (IAA), cytokinins, and brassinosteroids (BRs) are controlling
many physiological and bio-chemical processes. It has a profound effect on plant growth and development. Among these,
Brassinosteroids (BRs) is the class of steroid hormones regulating a wide range of developmental and physiological processes during the
life cycle of plants. BRs also modulate plant metabolic response to biotic and abiotic stresses, like salt and drought stress tolerance,
thermo-tolerance, oxidative stress tolerance, pathogen resistance, as well as herbicide and pesticide. Now the question is how BRs may
impact such diverse developmental and physiological processes which remained unanswered. It is known that proper cellular
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differentiation, morphogenesis, versatility and adaptability in organism are because of unambiguous regulation of gene expression. This
regulatory process is organized in a hierarchical and networked manner. Non-coding RNAs like siRNA, snRNA and miRNA are key
members of this regulatory network. Evidences support regulatory action of miRNAs in plants that have direct implication in normal
growth, development and adaptation. The clear picture of microRNAs mediated BRs mechanism regulation is unknown. Given the
importance of the above, it becomes important to observe whether and to at what extent microRNAs involve in regulation of this
important hormone (BR) signaling in the plant system. The present study aims at unbiased profiling of microRNAs and comparing their
role in present and absence of BR in Arabidopsis thaliana. It will also provide the newer perspectives towards our understanding of the
regulatory mechanism of hormone in plant system.
Keywords: microRNAs; hormone; brassinosteroids; epibrassinolid
Abstract #178. Making a spiral: the role of auxin signaling in shaping shoot architecture (Submission 43)
1
Mallorie Taylor-Teeples , Nemhauser, Jennifer, University of Washington
1
University of Washington, United States
The pattern of organs around the shoot (phyllotaxy) affects light harvesting capacity and determines the density of grain or fruit along a
stem. We have found that phyllotactic patterning in Arabidopsis can be altered by re-programming degradation rates of the auxin corepressor/co-receptor IAA28. We are currently performing morphometric, molecular and genetic analyses to pinpoint the molecular
mechanism underlying the observed phenotypes in plants expressing IAA28 rate variants. We are also extending these studies to include
putative IAA28 orthologs in Zea mays and Brachypodium distachyon. In a yeast synthetic system, we found that the degradation rate of
IAA28 is similar to that of its putative homologs in both maize and Brachypodium. Furthermore, the maize ortholog BARREN
INFLORESCENCE 4 was found to play a role in phyllotaxy1, suggesting that that the diversity in natural phyllotactic patterns across plant
species may be explained in part by variation in auxin repressors. The broader goal of this project is to pilot construction of a pipeline for
rapid engineering of desirable agronomic traits into diverse plant species. 1PMID: 26464512
Abstract #179. PLDα1 derived phosphatidic acid bind with RGS1 to modulate heterotrimeric G-protein signaling in Arabidopsis
(Submission 60)
1
Swarup Roy Choudhury , Sona Pandey
1
Donald Danforth Plant Science Center, United States
Heterotrimeric G proteins in plants are involved in the regulation of multiple biotic and abiotic stresses as well as many developmental
processes. One Gα, 1 Gβ and 3 Gγ proteins represent the heterotrimeric G-protein complex in Arabidopsis and a single regulator of G
protein signaling, RGS1, is one of the few known biochemical regulators of this signaling complex. Here, we have ascertained that
Phospholipase D (PLDα1) interacts with RGS1 protein and both can accelerate the GTPase activity of G protein subunit Gα to attenuate its
active form. We now present evidence that the phospholipase Dα1 protein is a key component and modulator of the G-protein complex
during regulation of a subset of signaling pathways. We also show that the same G-protein subunits and their regulators exhibit distinct
physiological and genetic interactions depending on specific signaling and developmental pathways. Such developmental plasticity and
interaction specificity likely compensates for the lack of multiplicity of individual subunits, and helps to fine-tune plants’ responses to
constantly changing environments. Furthermore, we show that PLDα1 derived phosphatidic acid (PA) is a molecular target of RGS1 as it
inhibits the GAP activity of RGS1. We identify a conserved lysine residue of RGS1 (Lys259) which is directly involved in RGS1-PA binding.
Introduction of this RGS1 protein variant in the rgs1 mutant background makes plants hypersensitive to a subset of ABA-mediated
responses. These data provide new insights about ABA response in plants through deactivation of RGS1 protein by PA binding.
Understanding such complex regulatory mechanisms regulated by PLDα1 and PA via G protein signaling will help us to evaluate their
overall contribution to plant growth and development as well as responses to abiotic stress.
Keywords: Abscisic acid, Heterotrimeric G-proteins, Phospholipase Dalpha1, Phosphatidic acid, Regulator of G-protein signaling.
Abstract #180. Regulation of the turnover of ACC synthases by phytohormones and heterodimerization in Arabidopsis (Submission 62)
1
Gyeong Mee Yoon , Lee, Han Yong, Purdue University, West Lafayette, Chen, Yi-Chun, Purdue University, West Lafayette, Kieber, Joseph,
University of North Carolina, Chapel Hill
1
Purdue University, United States
Regulation of the turnover of ACC synthases by phytohormones and heterodimerization in Arabidopsis Han Yong Lee1, Yi-Chun Chen1,
Joseph Kieber2, and Gyeong Mee Yoon1 1 Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN, 47907, USA
2 Department of Biology, University of North Carolina, Chapel Hill, NC, 27599, USA The gaseous hormone ethylene has profound effects
on many plant growth and developmental processes, including fruit ripening, abscission, senescence and responses to biotic and abiotic
stresses. To fulfill these diverse roles of ethylene in plants, ethylene biosynthesis must be tightly regulated. The primary target of the
regulation is 1-aminocyclopropane-1-carboxylic acid (ACC) synthases (ACS), the rate-limiting enzymes in the ethylene biosynthetic
pathway, which is regulated both transcriptionally and post-transcriptionally. Prior research showed that cytokinin and brassinosteroid
increase the protein stability of a subset of ACS isoforms, therefore enhances ethylene production in plants. Recently we identified
additional phytohormones, including gibberellic acid, salicylic acid, methyl jasmonic acid, abscisic acid, and auxin, also differentially
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influence the stability of ACS proteins. In addition, we found that heterodimerization of ACS isoforms is a novel mechanism to control ACS
protein stability, which contributes to the metabolic flexibility in various cell/tissues under a wide range of AdoMet, an ACS substrate.
Together, our study provides a comprehensive understanding of the roles of various phytohormones on ACS protein stability and sheds
new insights into cross-talk between ethylene and other phytohormones.
Keywords: Ethylene; ethylene biosynthesis; ACC synthases; protein stability; hormone; Arabidopsis thaliana
Abstract #181. An Optimized Ribo-seq Library Preparation Method and Analysis Tool for Plants (Submission 94)
1
Serina Mazzoni-Putman , Perkins, Patrick, North Carolina State University, Heber, Steffen, North Carolina State University, Stepanova,
Anna, North Carolina State University, Alonso, Jose, North Carolina State University
1
North Carolina State University, United States
It is well established that changes in transcription frequently do not match changes in the level of a functional protein product. This
discordance can be due to many factors including transcript stability, translation rate, etc. Ribosome footprinting (also called Ribo-seq)
seeks to quantify the occupancy of ribosomes on a transcript as a measure of its translation rates. Our group has recently used Ribo-seq
to show that translational regulation is key to the ethylene response in Arabidopsis. This finding begs the question of how pervasive this
mechanism of translational regulation is, particularly during the response to other phytohormones. Before addressing this question, we
have sought to optimize the Ribo-seq process for plants. One of the greatest issues facing scientists who want to carry out a Ribo-seq
experiment is the efficiency (and therefore cost) of sequencing. Up to 90% of sequenced reads can be ribosomal RNA (rRNA), meaning
that only 10% of these experiments’ time and cost yields meaningful data. We have tested several commercial and homemade methods
for the removal of rRNA from Ribo-seq samples. Additionally, we have further optimized our previously published Ribo-seq protocol to
reduce the timing and number of steps. Our modified Ribo-seq library prep reduces the percentage of total reads mapping to rRNA (1930%) and increases those mapping to mRNA (25-38%). A second issue facing potential users of Ribo-seq is how to analyze, and interpret
the quality of, footprinting data. We are developing a Ribo-seq analysis tool, riboStreamR, that provides biologist-friendly analysis of
Ribo-seq data. riboStreamR enables users to customize data analyses, visualize data features, and compare results with previously
published data sets, flagging atypical characteristics (if any). Our optimized Ribo-seq protocol, together with the streamlined riboStreamR
platform, provide a user-friendly, customizable and cost-efficient strategy for Ribo-seq studies in plants.
Keywords: Ribosome footprinting; assay optimization; rRNA subtraction; sequencing analysis pipeline
Abstract #182. The octadecanoid pathway is required for nectar secretion independent of COI1 in Arabidopsis thaliana (Submission
132)
1
Anthony Schmitt , Peter Klinkenberg, Mengyuan Jia, Rahul Roy, Clay Carter
1
University of Minnesota, United States
Over 75% of crop species produce nectar and are dependent on pollinators in order to achieve maximum seed set, yet little is known
about the mechanisms regulating nectar secretion. The phytohormone jasmonic acid (JA) is recognized to be involved in several plant
processes including development and defense. JA was recently shown to positively influence nectar secretion in both floral and
extrafloral nectaries. For example, endogenous JA levels peak in flowers just prior to nectar secretion, but the details of how JA regulates
nectar secretion have yet to be elucidated. We have found that the octadecanoid pathway does indeed play a role in the production and
regulation of floral nectar in Arabidopsis. Null alleles for several JA biosynthesis and response genes had significantly reduced amounts of
nectar, as well as altered expression of genes known to be involved in nectar production. Surprisingly, a knockout mutant for 12oxophytodienoate reductase 3 [(an enzyme further down the JA biosynthetic pathway that reduces 12-oxo phytodienoic acid (OPDA)],
produced no nectar in newly opened flowers, but did secrete nectar in older flowers. Furthermore, a similar phenotype was observed
in coi1-1, a JA insensitive mutant. These observations strongly suggest a role for a JA- and COI1-independent pathway in regulating nectar
production in Arabidopsis. Additionally, we also have identified crosstalk between the JA and auxin response pathways in nectaries.
Allene oxide synthase (AOS) is an enzyme early on in JA biosynthesis. Interestingly, the nectar-less mutant aos-2 showed no auxin
response in nectaries, but both nectar production and the auxin response was restored upon exogenous JA treatment. Conversely, coi11 displayed no auxin response in nectaries under any circumstance, even in older flowers that produce nectar. Cumulatively, our findings
indicate an essential role for the octadecanoid and auxin response pathways independent of COI1 in regulating nectar secretion.
Keywords: jasmonic acid; nectar, nectary, COI1
Abstract #183. Cytokinin Response Factors are involved in regulating active/inactive pools of cytokinin under stress conditions
(Submission 144)
1
Aaron Rashotte , Hallmark, H. Tucker, Auburn University, Keshishian, Erika A., Auburn University, Powell, Rachel V., Auburn University,
Dalis, Morgan, Auburn University, Hughes, Ariel M., Auburn University, Plačková, Lenka, Faculty of Science of Palacký University &
Institute of Experimental Botany, Novák, Ondřej, Faculty of Science of Palacký University & Institute of Experimental Botany, Goertzen,
Leslie R., Auburn University
1
Auburn University, United States
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Cytokinin is a plant hormone known to be connected to abiotic stress response, yet there has been little examination of how cytokinin
levels are altered in response to environmental stress. We have examined changes in both cytokinin levels, via LC/MS, and transcriptome
profiles, via RNAseq, in the presence and absence of salt and oxidative stresses. This allowed for comparisons between different levels of
cytokinin constituent forms (active, inactive, transportable) and transcripts connected to the cytokinin biosynthetic pathway. We have
identified stress specific changes in cytokinin profiles, with strong alterations in levels of N- and O-glucoside inactive forms. These are
mirrored by transcript changes in cytokinin glucoslytransferases genes (UGT76C1, 76C2, 85A1) that directly regulate the modulation from
active cytokinin forms to glucoside conjugated inactive forms. Importantly, we have also examined these cytokinin level profile changes
in Arabidopsis mutants of the cytokinin regulated transcription factors known as Cytokinin Response Factors (CRFs). Our findings reveal
that CRFs have specific roles in regulation of stress based changes in cytokinin levels. Under salt (NaCl) stress conditions we found a
general increase in conjugated cytokinin levels, which are strongly reduced under the same conditions in a crf2 mutant. As there are no
changes in cytokinin profile in crf2 under standard conditions this indicates that CRF2 is involved in the salt stress regulation of cytokinin.
In contrast, under oxidative (H2O2) stress conditions there were decreases in cytokinin levels, which are increased in the same conditions
in both crf5 and crf6 mutants. This indicates that CRF5 and CRF6 are linked to oxidative stress regulation of cytokinin levels. Together with
previous results linking these CRFs to each of their above examined stress, this suggests that CRFs are involved in regulation of stress
based alterations of cytokinin levels.
Keywords: Cytokinin, Cytokinin Response Factors, Abiotic Stress, Cytokinin Glucosyltransferases
Abstract #184. Delegating development: specificity and redundancy of auxin receptors in morphology (Submission 170)
1
Mollye Zahler , Clay Wright, Jennifer Nemhauser
1
University of Washington, United States
The evolution of complex body plans in land plants has been paralleled by gene duplication and divergence within nuclear auxin-signaling
networks. A deep mechanistic understanding of auxin signaling proteins therefore may allow rational engineering of novel plant
architectures. Auxin is perceived by a complex consisting of an F-box protein (TRANSPORT INHIBITOR RESPONSE1/AUXIN SIGNALING FBOXES, TIR1/AFBs), an auxin molecule and a member of a coreceptor/ transcriptional corepressor family (AUXIN/INDOLE-3-ACETIC ACID
PROTEINS, Aux/IAAs). In the model plant Arabidopsis thaliana, the TIR1/AFB family has six members (TIR1 and AFB1- AFB5). While the
AFBs are highly similar to one another in sequence and expression pattern, there are some differences in biochemical activities measured
by in vitro and in synthetica assays. Through close analysis of the morphology of mutants, we have uncovered uneven contributions of
TIR1 and AFB2 in the regulation of leaf development. We are conducting a more thorough exploration of the relationship between AFB2
function and leaf phenotype, as well as examining potential tunability of plant morphology by AFB2 function. We are also analyzing the
leaf phenotypes of mutants in other family members.
Keywords: leaf morphology, development, auxin, F-box, paralog divergence
Abstract #185. Network-Based Discovery of Brassinosteroid Regulation of Plant Growth and Drought Responses in Arabidopsis
(Submission 173)
1
Yanhai Yin , Nolan, Trevor, Iowa State University, Chockalingam, Sriram, Georgia Institute of Technology, McNinch, Colton, Iowa State
University, Akintayo, Adedotun, Iowa State University, Sarkar, Soumik, Iowa State University, Aluru, Maneesha, Georgia Institute of
Technology, Aluru, Srinivas, Georgia Institute of Technology, Schnable, Patrick, Iowa State University
1
Iowa State University, United States
Understanding gene regulatory networks that control plant growth and stress responses is essential to optimize crop yield in an everchanging environment. Brassinosteroids (BRs) regulate plant growth and stress responses, including that of drought. BRs signal to
regulate the activities of the BES1/BZR1 family transcription factors, which in turn mediate the expression of more than 5,000 BRresponsive genes. Recent studies identified several thousand BES1/BZR1 target genes and about 500 BR-related Transcription Factors
(BR-TFs) that likely function along with BES1/BZR1 to regulate the large number of BR target genes. Although several families of BR-TFs
have been functionally characterized, the networks through which BRs, BES1/BZR1 and BR-TFs function remain to be fully defined. To
address this challenge, we built a comprehensive BR gene regulatory network (GRN) using more than 11,760 publicly available microarray
datasets and prioritized BR-TFs for functional studies using NEST (Network Essentiality Scoring Tool). The ANAC family transcription
factors were among the top ranking BR-TFs, and our genetic and genomic studies demonstrated that ANAC family members inhibit BRregulated growth and promote drought responses, providing an important crosstalk point between BR and drought response pathways
(Ye et al 2017, Nature Communications). Further, we employed phenomics studies and identified hundreds of BR-TF mutants that display
altered BR responses. Clustering of BR-TFs based on their predicted target genes showed that the 5 top ranking TFs with strong BR
phenotypes are distributed in 3 clusters that are enriched for BR and drought target genes and contain the majority of BR-TFs with BR
response phenotypes. Genetic and genomic analysis of these clusters is being used reveal how BR-TFs regulate specific aspects of growth
and stress response programs. This research is supported by grants from NSF (IOS1257631) and the Plant Science Institute at Iowa State
University.
Keywords: brassinosteroid, gene regulatory network, genomics, drought, phenomics
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Abstract #186. Translation Regulator AtGCN2 controls ABA Homeostasis and Stomatal Immunity in Arabidopsis (Submission 185)
1
Xiaoyu Liu , Pajerowska-Mukhtar, Karolina, UAB
1
University of Alabama at Birmingham, United States
In animals, nutrient starvation activates translational regulator GCN2 (General Control Nondepressible 2), which has been implicated in
establishing adaptive immunity and manipulating disease progression. In Arabidopsis, AtGCN2 has been identified to phosphorylate eIF2α
upon abiotic stress, while the role in plant immunity remains unclear. Here, we demonstrate that pathogen challenge activates AtGCN2,
which consequently phosphorylates eIF2α to reinitiate the translation of the transcription factor TBF1. More interestingly, AtGCN2 is
essential for TBF1-dependent transcriptional regulation of genes that are involved in ABA biosynthesis and signaling events, which could
contribute to the disease resistance phenotype of the atgcn2 mutant. Similar to additional translation regulators AtGCN1 and AtGCN20,
AtGCN2 positively regulates MAMP-triggered stomatal closure and coronatine-dependent stomatal reopening. Taken together, biotic
stress activates AtGCN2, which exhibits conserved function by regulating translational reinitiation and novel function in stomatal
immunity.
Abstract #187. Towards the Development of Biosensors for identification of endogenous KAI2 ligand (Submission 189)
1
Aashima Khosla , Kapoor, Suraj, University of Georgia, Conn, Caitlin, University of Georgia, Nelson, David, UC Riverside
1
University of California, Riverside, United States
Towards the Development of Biosensors for identification of endogenous KAI2 ligand Aashima Khosla1, Suraj Kapoor2, Caitlin E. Conn2,
David C. Nelson1 1Department of Botany & Plant Sciences, University of California, Riverside 2 Department of Genetics, University of
Georgia Karrikins (KARs) are a family of smoke derived butenolide compounds that are recognized by the receptor KAI2. There is no
evidence to date that karrikins are present in plants. Recently, work from our lab and several others has provided substantial evidence for
the existence of an unknown, endogenous ligand of KAI2 (KL). Identification of low abundance KL will require sensitive and highly specific
assays. Preliminary experiment from our lab show that in tobacco SUPPRESSOR of MAX2 1 (SMAX1) protein is rapidly degraded following
KAR treatment. Our current work examines the utility of karrikin triggered proteolysis of SMAX1 as a tool to identify KL. Progress in the
design of quantitative in vivo biosensors for KAR/KL will be presented. Additionally, we are interested in identifying a “degron” domain(s)
that is necessary and sufficient for KAR-induced degradation of SMAX1. For this purpose, various SMAX1 deletion variants were made and
tested for KAR induced degradation in tobacco. We will present our results suggesting that the C-terminal region is sufficient for ligandinduced degradation. Subsequent experiments aimed at testing its interaction with Arabidopsis KAI2 and trimming down this region to
make a more refined degron are in progress. Identification of degron will undoubtedly aid in designing best sensors that are useful for
high throughput screening of compound library to detect KL and to study KL distribution and dynamics in vivo. Overall, we expect this
work to open new research prospects for the plant hormone field and agriculture alike, as the discovery of KL may represent a new
phytohormone.
Keywords: Karrikin, hormone, SMAX
Abstract #188. Using Ethyl methanesulfonate mutagenesis to screen for the suppressor of BES1 in Arabidopsis (Submission 193)
1
Hao Jiang , Xie, Zhouli, Iowa State University, Yin, Yanhai, Iowa State University
1
Iowa State University, United States
Brassinosteroids (BRs) regulate plant growth and development in many different levels, especially the seedling hypocotyl elongation.
Brassinosteroids are perceived by the trans-membrane receptor kinase BRI1, and then through several phosphatases and kinases to
activate the BES1/BZR1 family transcription factors. BES1 gain-of-function mutant bes1-D showed out-growth phenotypes, like longer
hypocotyl, curly leaf and elongated leaf petiole. The seedlings of bes1-D are insensitive to BR biosynthesis inhibitor Brassinazole (BRZ).
We firstly treat the bes1-D seeds with mutagen Ethyl methanesulfonate (EMS), and then screened for the suppressors of bes1-D mutant,
to identify the BR signaling components downstream of BES1. Several interesting mutants were identified, and they all showed increased
sensitivity to BRZ in hypocotyl elongation assay under dark condition. They are also more sensitive to BR biosynthesis inhibitor
Propiconazole (PCZ) when grown in soil. The suppressors were back-crossed to bes1-D, and then F1 plants self-crossed to get the F2
population. The F2 suppressor population will be pooled for the next generation sequencing to determine the casual mutation of the
bes1-D suppressor phenotype.
Keywords: EMS screening, Brassinosteroids,
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Abstract #189. Semi-rational design of a biosensor for the direct visualization of auxin (Submission 196)
1
Ole Herud , Stiel, Andre, Max Planck Institute for Developmental Biology, Tübingen, Germany; Helmholtz Zentrum München, München,
Germany, Höcker, Birte, Max Planck Institute for Developmental Biology, Tübingen, Germany; Universität Bayreuth, Bayreuth, Germany,
Jürgens, Gerd, Center for Plant Molecular Biology, University of Tübingen, Tübingen, Germany; Max Planck Institute for Developmental
Biology, Tübingen, Germany
1
Max Planck Institute for Developmental Biology, Germany
The small molecule auxin is a major morphogen in plants. It is indispensable for organ initiation, tropic growth responses and cell-cycle
control. Here we report the engineering of a FRET-based biosensor for auxin by redesigning the binding pocket of the E. coli tryptophan
repressor. This sensor enables us to visualize auxin directly and with high temporal and spatial resolution.Traditionally auxin localization
is inferred from the expression of reporter genes under the control of the auxin-inducible promoter DR5. The presence of reporter signal
is usually referred to as an auxin-response maximum, and it is assumed that each reporter-signal maximum represents a local auxin
maximum. Quantitative measurements indicate that this is not necessarily the case. We employed the similarities between auxin and
tryptophan to develop an auxin sensor based on Förster resonance energy transfer (FRET) by semi-rational redesign of an established
tryptophan sensor. We improved the IAA binding, diminished the binding to IAA-related molecules, optimized the fluorophore pair, and
improved the linkers between the sensory domains and the fluorophores. The final version exhibits a 3-fold change of the FRET ratio
upon treatment with 50 µM IAA, which was shown to be the upper limit of the IAA concentration in roots inferred from root
protoplasting.As a first step to confirm the functionality of the IAA sensor in planta, we expressed the sensor transiently in Arabidopsis
protoplasts and showed that the sensor is functional in planta. With plants stably expressing the sensor we monitor the fast uptake and
clearance of auxin by the plant at an unprecedented timescale. The sensor allows the dynamic visualization of auxin distribution patterns
previously inaccessible for genetics and biochemistry thus increasing our understanding of a major developmental regulator during the
life-cycle of the plant.
Keywords: Auxin; Biosensor; Protein design; FRET
Abstract #190. The impact of promoter architecture on auxin-mediated transcription (Submission 216)
1
Amy Lanctot , Khakhar, Arjun, Department of Bioengineering, University of Washington, Seelig, Georg, Departments of Electrical
Engineering and Computer Science & Engineering, Nemhauser, Jennifer, Department of Biology, University of Washington
1
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The plant growth hormone auxin drives many distinct developmental processes. How a single hormone leads to such diversity in
downstream responses has been a long-standing question. We propose that one critical factor in this diversity is the interactions between
different auxin response transcription factors (ARFs) and the promoters of auxin-responsive genes. We have ported the auxin response
pathway into yeast and can measure transcriptional activation on promoter variants by ARFs using flow cytometry. Our results show that
changing the number, sequence, spacing, or orientation of auxin response elements in a promoter sequence affects transcription in
predictable ways. We also found that different ARFs show preferences for distinct promoter sequences. Currently, we have scaled up this
approach to characterize ARF activity on yeast libraries of randomized promoter variants. The data collected from this approach will be
used in a computational pipeline relying on neural network based machine learning to generate predictive models of ARF action.
Keywords: transcriptional regulation; auxin signaling; synthetic biology
Abstract #191. Brassinosteroid regulation of vascular development: a cell-type-specific transcriptomic approach (Submission 222)
1
Isabel Betegon , Lozano-Elena, Fidel, CRAG, Gonzalez-Garcia, Mary Paz, CNB, Benfey, Philip, Duke University, Caño-Delgado, Ana, CRAG
1
CRAG, Spain
Brassinosteroid (BR) hormones are important regulators of plant growth and development. The role of BRs in vascular and stem cell
development in Arabidopsis thaliana is an emerging topic in hormone signaling, whereas the specific molecular mechanisms that control
those biological processes are only started to be elucidated (Fàbregas et al., 2013; González-García et al., 2011).To understand the
molecular bases of vascular development, we performed cell-type-specific transcriptomics to identify the BR-regulated genes within the
different vascular tissues in the Arabidopsis root. Genome-wise expression analyses were spatiotemporally evaluated using a timecourse experiment in response to BRs. We generated a transcriptional network that control vascular development in the stele. In
addition, the BR-responses were analysed separately in four different vascular cell types to finely decipher the role of BRs in each vascular
lineage.The study of the BR-regulated genes in the stele suggests a predominant function of BRs in provascular cell division and cell wall
differentiation. Both traits were confirmed phenotypically by the analysis of stele and xylem morphology in BR-related mutants and
indicate that BR signaling, through BRI1 receptor, control periclinal cell division and xylem differentiation in the root. Our cell-typespecific transcriptomic data revealed different function of BRs in provascular and vascular tissues. Currently, we are carrying out the
functional characterization of several vascular cell-specific BR components identified. Fàbregas et al., 2013. The brassinosteroid
insensitive1-like3 signalosome complex regulates Arabidopsis root development. Plant Cell. 25(9):3377-88González-García et al.,
2011. Brassinosteroids control meristem size by promoting cell cycle progression in Arabidopsis roots. Development. 138: 849-59
Keywords: Brassinosteroids, root, Arabidopsis, vascular tissue, transcriptomic
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Abstract #192. Arabidopsis WRKY46, WRKY54 and WRKY70 Transcription Factors Are Involved in Brassinosteroid-Regulated Plant
Growth and Drought Response (Submission 232)
1
Jiani Chen
1
Iowa State University, United States
Plant steroid hormones, Brassinosteroids (BRs), play important roles in growth and development. BR signaling controls the activities of
BES1/BZR1 transcription factors. In addition to the role in promoting growth, BRs also play a role in response to drought stress. However,
little is known about the molecular mechanism through which BRs regulate drought response. On the other hand, although the roles of
WRKY transcription factors in stress responses are well documented, their functions in BR-regulated plant growth have not been
established. Here, we found three group III WRKY transcription factors, WRKY46, WRKY54 and WRKY70, are involved in both BR-regulated
plant growth and drought response as the wrky46 wrky54 wrky70 triple mutant has defects in both BR biosynthesis and signaling, and is
more tolerant to drought stress. RNA-seq analysis revealed global roles of WRKY46, WRKY54 and WRKY70 in promoting BR-mediated
gene expression while inhibiting drought-responsive genes. WRKY54 directly interacts with BES1 to cooperatively regulate the expression
of target genes. Also, WRKY54 is phosphorylated and destabilized by GSK3-like kinase BIN2, a negative regulator in the BR pathway. Our
results therefore establish WRKY46/54/70 as important signaling components that are positively involved in BR-regulated growth and
negatively involved in drought responses.
Keywords: crosstalk of hormone signaling and drought stress
Abstract #193. The clathrin adaptor ENTH regulates plasma membrane protein abundance for effective hormone efflux (Submission
236)
1
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1
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Plant growth and productivity have a profound impact on our food supply. The plant hormone auxin drives growth by mediating cell
division and expansion. For proper growth and development, internal cellular levels of auxin (indole-3-acetic acid; IAA) and its storage
form, indole-3-butyric acid (IBA), must be tightly regulated. To maintain appropriate intracellular levels of IBA, plants rely on transporters
to be at their correct subcellular location, the plasma membrane (PM), to effectively efflux IBA. Proper PM localization and abundance of
IBA transporters is dependent on a functional vesicular trafficking network; but few vesicle components are known that regulate PM
abundance of IBA transporters, which appear to require vesicle components distinct from those trafficking the PIN auxin transporters.
Here, we used large-scale quantitative proteomics of enriched PM to identify a novel role for the clathrin adaptor protein ENTH in
regulating PM abundance of the IBA transporter Pleiotropic Drug Resistance9 / ATP BINDING CASSETTE G37 (PDR9/ABCG37), previously
shown to be predominantly expressed in the outermost sides of root cap and epidermal cells. Loss of ENTH resulted in reduced PM
abundance of PDR9 in roots, which correlated with IBA response defects reminiscent of those observed in pdr9-2 null mutants. Thus, our
work expands the limited knowledge of vesicle components that help regulate correct accumulation of IBA transporters at the PM to
ensure proper plant growth and development.
Keywords: indole-3-butyric acid (IBA); transporters; vesicle trafficking; plasma membrane; roots
Abstract #194. Identification of auxin pathway components in root system development using GWAS (Submission 245)
1
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1
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The plant hormone auxin regulates numerous developmental processes of roots that consequently shape the total structure of root
system (Root System Architecture: RSA). RSA defines the main interface of plants coping with the many challenges in different soil
environments. It is therefore one of the most important plant traits. However, due to the underground localization of roots, the
complexity and plasticity of RSA, studying it is difficult. In addition, while auxin obviously contributes to the regulation of many aspects of
RSA, the involvement of auxin in a wide-range of developmental processes makes it difficult to study and dissect the molecular basis of its
roles in RSA formation. Especially, few studies have reported genes that harmonize auxin functions in basic root growth processes
including the regulation of root elongation, branching and gravitropism to make the modification of RSA available. To identify such genes,
we used natural variation in Arabidopsis thaliana and conducted a Genome Wide Association Study (GWAS) upon the perturbation of
auxin transport using an inhibitor NPA. Our GWAS identified a member of an exocytotic gene family, EXOCYST, to be associated with a
root gravitropism-related trait. We showed that this EXOCYST gene exclusively regulates the dynamic localization of the auxin efflux
carrier PIN-FORMED 4 in columella cells, and thereby controls the quickness of root gravitropic responses. Furthermore, natural variation
of the EXOCYST gene was associated with the variation in RSA and drought resistance, indicating an adaptive value in drought conditions.
All together, our study using GWAS revealed an auxin pathway component that regulates root morphology and confers variation in the
root growth.
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Abstract #195. Auxin-activated ion transport by ABCB4 and PIN2 proteins required for polar auxin transport in Arabidopsis (Submission
253)
1
Edgar Spalding , Stephen Des Lauriers
1
University of Wisconsin, United States
Auxin is transported through plant tissues by a mechanism that strictly depends on ATP-binding cassette B (ABCB) and PIN-FORMED (PIN)
proteins at the plasma membrane. Most people believe that ABCB and PIN proteins transport the auxin molecule across the plasma
membrane, a view that is largely based on how much radioactive auxin is retained in cells engineered to express one or both of the
proteins and how much escapes over time. The inability to control for fundamental thermodynamic parameters is a weakness of these
retention assays. Electrophysiological methods can more directly test transport activities a membrane protein catalyzes than radioactivity
retention assays. We used the patch clamp technique to demonstrate that Arabidopsis ABCB4 and PIN2 proteins, expressed separately or
together in human embryonic kidney cells, conducted Cl- preferentially over Cs+ in the manner of a voltage-independent channel. Auxin
on the cytoplasmic side of the membrane significantly activated ABCB4 channel activity. The activity was completely blocked by the anion
channel blocker 5-nitro-2-(3-phenylpropylamine)-benzoic acid (NPPB). NPPB blocked polar auxin transport in Arabidopsis roots and a
gravitropism response that depends on polar auxin transport. Promotion by auxin of an activity required for auxin transport would
contribute to the macroscopic phenomenon of canalization. Reversal potential analysis did not detect transport of the auxin anion by
either protein or their combination. Presumably auxin is transported at a rate that could not be detected. The only indications that ABCB4
and PIN2 interact were a low degree of Förster resonance energy transfer between them, and inhibition of ABCB4 by PIN2 at high auxin
concentrations. Gravitropism phenotypes indicated the respective proteins function independently. A regulatory mechanism that
contributes to canalization and establishes the auxin pattern responsible for gravitropism is proposed.
Keywords: auxin transport; PIN2; ABCB4; electrophysiology; ion channels
Abstract #196. Chemical genetic dissection of salicylic acid signaling in Arabidopsis thaliana (Submission 303)
1
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By using a forward chemical genetic screen with 1370 well-annotated chemicals and a novel GUS assay on intact Arabidopsis PR1p::GUS
seedlings, we found two functional agonists of salicylic acid (SA) namely PmE (rhizobacterial cyclic lipopeptide) and KI1 (protein kinase
inhibitor). They unraveled novel mechanisms for PR1 and SA-signaling in Arabidopsis.PmE increased SA levels and showed several unique
features as it worked independent of key SA-signaling components ICS1, EDS1 and NPR1 to induce PR1 and defense against Pseudomonas
syringae pv. tomato DC30000 (Pst DC3000). Surprisingly, though an antibiotic PmE was non-cytotoxic to Col-0 plants and suppressed
three other physiological events: primary root growth, jasmonate-signaling, and reactive oxygen species (ROS) induction. Such bioactivity
was dependent on its lipid chain and cationic peptide-ring. Following studies showed that PmE works via phosphorylating a unique 46
kDa (a p38-like) protein kinase, pharmacological inhibition of which suppresses the biological effects of PmE. These results thus show
novel roles of a p38-like kinase in defense gene regulation.The second probe KI1 increased total SA-levels but unlike PmE, KI1 was
dependent of ICS1 and NPR1 to upregulate PR1 and defense against Pst DC3000. Selectively, it did not interfere with other major
phytohormonal pathways and ROS levels. As KI1 was known to make covalent bonds with its protein target in animals, we made clicktagged probes of KI1 for an affinity based pulldown coupled to proteomics. Remarkably, we found an epoxide hydrolase (EH) isoform as
KI1’s in vivo target which showed an in vitro epoxide hydrolase activity. Loss of KI1 bioactivity in the EH mutant further confirmed our
findings. Added characterization later put EH upstream of SID2 and indicated its role in ICS1 transcription. These findings reveal, for the
first time, a direct role of an EH isoform in SA-signaling, which was so far unknown and ongoing studies will usher novel insights.
Keywords: Forward Chemical Genetics, Small molecules, Chemical screening, Salicylic acid, Jasmonic acid
Abstract #197. Investigating SMAX1 Degradation in the Karrikin Signaling Pathway (Submission 323)
1
Nicholas Morffy , Lionel Faure, Suraj Kapoor, David Nelson
1
University of Georgia, United States
The timing of seed germination is crucial to a plant’s success. A recently identified class of signaling molecules found in smoke, karrikins
(KAR), have been shown to be potent germination stimulants. Genetic studies have identified some of the genes responsible for
mediating KAR responses including MAX2, an F-box protein, KAI2, the putative KAR receptor, and SMAX1, a negative regulator of KAR
responses that inhibits germination. It is currently unknown how KARs regulate SMAX1 and induce germination. Interestingly,
strigolactones (SL), endogenous plant hormones that regulate a number of growth processes including shoot branching, share some
components with KAR signaling. MAX2 is required for both KAR and SL signaling, and the SL receptor, D14, is a paralog of KAI2. SMXL6,
SMXL7, and SMXL8, paralogs of SMAX1, act as negative regulators of SL signaling. In SL signaling, the hormone stimulates the degradation
of SMXL6 and SMXL7 in a MAX2 and D14-dependent manner, leading to SL responses. Recently it was also shown that SMAX1 is degraded
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in response to KAR when expressed under the SMXL5 promoter. We hypothesize that KARs stimulate the degradation of SMAX1 in a
MAX2 and KAI2-dependent manner. In order to test the contributions of MAX2 and KAI2 to KAR induced SMAX1 degradation, we have
utilized a number of complementary approaches including transient expression in Nicotiana benthamiana leaves and in Arabidopsis
thaliana mesophyll protoplasts, in vitro degradation with recombinant SMAX1, and Arabidopsis transgenic lines expressing GFP-tagged
SMAX1 in several genetic backgrounds.
Keywords: Karrikins; hormone signaling; strigolactones; germination; protein degradation
Abstract #198. Quantitative analysis of ethylene response in Arabidopsis thaliana mutants using infrared imaging (Submission 324)
1
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Ethylene is a gaseous phytohormone involved in multiple aspects of plant growth, development, senescence, and stress response.
Seedlings germinated in the dark in the presence of ethylene undergo characteristic phenotypic changes known as the triple response.
The three elements of this response are the radial expansion and growth inhibition of hypocotyls and roots and an exaggeration of the
apical hook curvature. At the molecular level, the developmental effects of ethylene are accompanied by major changes in gene
expression at both transcriptional and translational levels. While transcriptional regulation is well established as a key process in
response to ethylene, little is known about the role of ethylene-triggered gene-specific regulation of translation. Through ribosomal
footprinting, our group uncovered a key molecular mechanism that links ethylene perception to the activation of a novel gene-specific
translational control mechanism. Characterization of one of the targets of this translational regulation, EBF2, indicated that the signaling
molecule EIN2 and the nonsense-mediated decay proteins UPFs play a central role in this ethylene-induced translational response,
setting a new paradigm of gene-specific translational control. The goal of my project is to test the role of additional candidate genes
whose translational efficiency is affected by ethylene. I am characterizing T-DNA knockouts corresponding to ethylene-responsive
translational targets and studying their respective growth kinetics through a growth response kinetic assay. This assay relies on an
infrared live imaging system to monitor subtle changes in the rates of elongation in hypocotyls and roots of dark-grown seedlings
transiently exposed to the ethylene gas. In parallel, I am also exploring changes in the hypocotyl and root elongation in previously
characterized ethylene- and auxin-insensitive mutants. Auxin is another vital plant hormone that controls numerous processed in plant’s
life cycle, from embryo development to fruit ripening. Remarkably, auxin biosynthesis, transport, and signaling are known to be
interconnected with the ethylene biosynthesis and signaling pathway. Thus, mutant plants with defects in auxin also show phenotypic
deviations in their response to ethylene. My plan is to test a set of previously characterized auxin mutants regarding their kinetic
responses to ethylene to determine which stages of the ethylene response and recovery are compromised. Thus, my project is expected
to expand our limited knowledge of ethylene-triggered translational regulation and further illuminate the role of auxin in response to
ethylene.
Keywords: Live infrared imaging; Ethylene; Auxin; Plant hormones;
Abstract #199. Investigating IBA influx (Submission 335)
1
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Auxins regulate many aspects of plant development, including root and stem elongation and leaf epinasty, embryo and leaf patterning,
root hair cell elongation, and lateral root production. Tightly-regulated auxin homeostasis allows plants to relay growth signals in a highly
specific and coordinated manner so that they can adjust to subtle environmental changes. Indole-3-butyric acid (IBA), is an auxin
precursor that can be shuttled between plant cells and be quickly converted into indole-3-acetic acid (IAA), an active auxin, and trigger
cell growth. However, both IBA and IAA inhibit growth if they hyperaccumulate in plant cells. Thus, understanding auxin homeostasis not
only relies on understanding IAA transport, which has been widely studied, but also IBA transport. Since some IBA efflux carriers have
already been identified as PLEIOTROPIC DRUG RESISTANCE 8/PEN3-4/ABCG36, we have undertaken to understand IBA influx by way of an
abcg36 mutant suppressor screen in Arabidopsis thaliana. We chose to study EMS-mutagenized abcg36 (defective IBA efflux) individuals
that are IBA-resistant, quantified by measurably longer roots, as indicators of IBA influx since they do not appear to be
hyperaccumulating inhibitory levels of IBA, indicating that IBA influx has likely been disrupted alongside the original defect in IBA efflux.
The chosen lines also exhibited resistance solely to IBA, and IBA-resistance persisted through the two generations tested after
backcrossing. We will discuss the results from the suppressor screen and link genetic information from the lines discovered to IBA influx
and auxin homeostasis, which will provide a platform from which definitive information about IBA influx transport can develop in the
future.
Keywords: IBA influx, Arabidopsis thaliana, suppressor screen
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Abstract #200. Integrators of agronomically important signaling pathways identified in a systematic Arabidopsis phytohormone
network map (Submission 343)
1
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1
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Phytohormones play a critical role in integrating environmental cues with internal developmental programs to ensure survival and
reproductive success and thus also agronomic productivity. Understanding how different hormone signals are integrated into an optimal
physiological response is critical for understanding the molecular mechanisms regulating agricultural yield and yield stability. Proteinprotein interactions play central role in transducing and integrating diverse signaling pathways. While principles of plant signal
transduction have been revealed over the past decades, a systems perspective is still missing and many components mediating signal
transduction and crosstalk remain to be discovered. In this project we map the Arabidopsis phytohormone signaling network by
systematic yeast two-hybrid protein-protein interaction analysis of 1.200 proteins with a likely or genetically demonstrated role on
phytohormone signaling. Interactions were mapped among these and of the 1.200 with 13.000 proteins in the A.t. ORFeome collection.
The network is extensively validated using biophysical and functional assays. Graph theoretic analysis of the resulting PhyHormNet_v1
reveals hormone-specific network communities that show a much higher inter-pathway connectivity than the known literature network.
Integration of novel hormone–dependent interaction partners of phytohormone-receptors with transcription factor targets for
transcriptional co-repressors is used to identify hitherto unknown stress response pathways and integration points. Interaction
contextualization and network dynamics have been analyzed by integrating the PhyHormNet reference network with transcriptional
dynamics of its components to focus functional assignment and genetic validation experiments. Following integration with LCI the
resulting network covers the majority of interactions among phytohormone signaling proteins and is among the most complete network
maps produced to date.
Keywords: abiotic stress, immunity; cross-talk; network, signaling
Abstract #201. Cytokinin signaling and misfolded protein accumulation in the model plant, Arabidopsis thaliana (Submission 348)
1
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1
University of Kentucky, United States
As in animal cells, toxic misfolded protein aggregation occurs in plants when exposed to stress conditions. To survive in these stress
conditions, plants modulate developmental processes through a complex hormonal interplay. Recent data have shown that plant
cytokinin levels are important in modulating the drought related phenotypes of plants and other responses to various stress conditions.
Although cytokinin regulation and plant stress responses have been the focus of many studies, the relation between cytokinin signaling
and misfolded protein accumulation remains to be uncovered. The objectives of this study are to determine 1) the sensitivity of cytokininrelated mutant and transgenic lines to different antibiotics that promote misfolded protein accumulation. 2) the misfolded protein levels
in cytokinin-related lines in the presence of antibiotics that cause protein mistranslation. 3) the protein translation rates in cytokininrelated plant lines.Different transgenic plant lines with increased activity of the cytokinin response activator ARR1, were assessed in the
presence of different aminoglycoside antibiotics, which are known to affect prokaryotic protein translation. Since plant organellar protein
translation is prokaryotic in nature, these antibiotics affect both chloroplastic and mitochondrial protein translation. ARR1 gain of
function transgenics showed a higher sensitivity to antibiotics like kanamycin that promotes the formation of aberrant proteins. On the
other hand, ARR1 gain of function mutants showed a tolerance to aminoglycosides which inhibit protein synthesis without causing
mistranslation and thus misfolded protein accumulation (eg: spectinomycin, lincomycin). This suggests that increased cytokinin action
promotes plant organellar protein synthesis rates which in turn promotes misfolded protein accumulation under stress conditions.
Keywords: Cytokinin signaling; ARR1; misfolded proteins; antibiotics
Abstract #202. The Roles of Auxin and Cytokinin Signaling in the Onset and Maintenance of Cambium Activity in Arabidopsis Root
(Submission 352)
1
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The Roles of Auxin and Cytokinin Signaling in the Onset and Maintenance of Cambium Activity in Arabidopsis RootTiina Blomster1,2,
Riccardo Siligato1,2, Kamil Růžička3 and Ari Pekka Mähönen1,2*1) Institute of Biotechnology, University of Helsinki, Helsinki, FI-00014,
Finland. 2) Division of Plant Biology, Department of Biosciences, University of Helsinki, Helsinki, FI-00014, Finland. 3) Department of
Functional Genomics and Proteomics, Central European Institute of Technology, Masaryk University, Brno, CZ-62500, Czech Republic.
*Correspondence: aripekka.mahonen@helsinki.fi Auxin and cytokinin signaling pathways govern many aspects of plant development and
physiology, including primary patterning of root vasculature and cambium activity. Several mechanisms of auxin and cytokinin signaling
interaction have been identified in the establishment of the Arabidopsis root primary vascular pattern consisting of a central xylem axis
flanked by two phloem poles, and the intervening procambial cell layers. However, the physiological and molecular mechanisms leading
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to the activation of secondary growth marked by periclinal (pro)cambial cell divisions approximately five days after germination are
poorly known. Our data show that procambial cells are competent for the activation of secondary growth by auxin and cytokinin since the
first days after germination, and both hormones are required for cambium activation. During cambium activation, auxin and cytokinin
responses overlap in cambial cells, and cytokinin signaling upregulates the auxin response. Furthermore, inhibition of cambium activation
by the estradiol-inducible expression of auxin resistant3-1 (axr3-1), a dominant negative regulator of auxin signaling, can be relieved by
cytokinin treatment. Consistent with the phenotypes obtained during cambium activation, transcriptional profiling results show that
expression of several cambial marker genes was decreased by axr3-1 induction, increased by cytokinin and intermediate expression was
observed in the combined treatment. In summary, we find both auxin and cytokinin acting as positive regulators of root cambium
activation in a synergistic manner. Further data analysis together with time-course studies will help to unravel the molecular mechanisms
underlying this phytohormonal regulation of secondary growth.
Keywords: Auxin; cytokinin; cambium; root secondary development
Abstract #203. Investigating the Role of Protein Multimerization in ARF Transcription Factor Activity (Submission 358)
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The hormone auxin plays a crucial role in nearly every aspect of plant growth and development by controlling cell expansion and
division. In plants, the AUXIN RESPONSE FACTOR (ARF) family of transcription factors regulates auxin-responsive gene expression and
exhibit nuclear localization in regions of high auxin responsiveness; however, our data suggest that activating ARF proteins form
biomolecular condensates in the cytoplasm of tissues with decreased auxin responsiveness, suggesting a model in which ARF nucleocytoplasmic partitioning plays a role in mediating cellular competence for auxin response. We have identified roles for the intrinsically
disordered middle region and electrostatic PB1 domain of ARF proteins in driving the formation of these condensates. Mutation of a
single lysine residue within the PB1 domain is sufficient to allow ARF localization to the nucleus in all tissue types, resulting in
morphological defects and altered transcriptional auxin responsiveness in the plant. In combination, these data suggest a model in which
ARF nuclear-cytoplasmic partitioning is sufficient to regulate auxin transcriptional responsiveness in different tissues of the plant.
Abstract #204. Investigating the role of oxidized JA in plant growth and defense response (Submission 373)
1
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Plant hormone jasmonic acid (JA) controls immune response against insects and regulates plant development. Upon synthesis, JA is
metabolized into a variety of derivatives including jasmonoyl-isoleucine (JA-Ile) which is the known endogenous bioactive form of JA
responsible for JA mediated responses. In contrast to the well-studied functions of JA-Ile, biological functions of other JA metabolites are
less clear. 12-hydroxy-JA-Ile (12OH-JA-Ile) accumulates in response to tissue injuries and is a downstream metabolite of JA-Ile in its woxidative catabolic pathway. Arabidopsis seedlings treated with 12OH-JA-Ile strongly accumulated anthocyanin and were also increased
in leaf trichome cell numbers to the levels comparable to that induced by JA-Ile. Both are anti-herbivory features known to be regulated
by JA-Ile. In addition, expression of several JA-Ile responsive marker genes was upregulated by 12OH-JA-Ile. Mutation in
CORONATINE INSENSITIVE 1 (COI1) blocked 12OH-JA-Ile effect on anthocyanin and trichome induction, indicating that 12OH-JA-Ile
signals through the common receptor and signaling mechanism as JA-Ile. 12OH-JA-Ile was able to trigger anthocyanin accumulation in
tomato seedlings in COI1-dependent manner indicating that 12OH-JA-Ile signaling system is likely to be conserved in the eudicots. These
results show that 12OH-JA-Ile likely plays a role in the JA-regulated wound response.
Keywords: Hormone metabolism; Jasmonic acid; defense response;
Abstract #205. Cytokinin regulation of a potassium transport module occurs in an a CRF6-dependent manner (Submission 376)
1
Ariel Hughes , Paul Zwack, Paul Cobine, Aaron Rashotte
1
Auburn University, United States
Cytokinin regulation of a potassium transport module occurs in an a CRF6-dependent manner Hughes AM, Zwack PJ, Cobine PA, Rashotte
AM Cytokinin is plant hormone that plays essential roles in plant growth, development, and response. Cytokinin Response Factors (CRFs)
are a family of transcription factors involved in regulating those cytokinin responses. CRF6, a member of the CRF family, and its role in
mitigating oxidative stress has been recently revealed, however, its role in cytokinin signaling at a transcriptome level has not been
investigated. In order to examine the CRF6 cytokinin-dependent targets we preformed transcriptome analyses (using Affymetrix ST1.0
Arabidopsis microarrays) in the presence and absence of cytokinin on wild type and a crf6 mutant line. Genes exhibiting no differential
expression (DE) between the crf6 + and – cytokinin samples, but with DE when compared to the wild type were identified as potential
downstream targets of CRF6. Most potential CRF6 target genes were found to be repressed in the presence of cytokinin, suggesting that
CRF6 plays a negative regulatory role in cytokinin signaling. One unexpected set of targets were three genes with a shared involvement in
potassium (K+) uptake/transport: SKOR, HAK5 and NRT1.5., These CRF6 cytokinin-dependent target expression levels were verification via
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qPCR, and further analyzed phenotypically under various cytokinin and potassium treatments. We tested connections between CRF6 and
in planta ionomic levels by analyzing the ionomic content using Inductively-Coupled Plasma: Optical Emission Spectrophotometry (ICPOES) analysis on samples from wild type, crf6, CRF6OX (over expressing line) and the skor, hak5 and nrt1.5 mutant lines grown in the
presence and absence of cytokinin and in typical K+ and K+ deficient environments in order to determine how CRF6 affects the ionomic
content of Arabidopsis thaliana. Additional examination of links between CRF6, cytokinin, and potassium were conducted with
proCRF6::GUS and pTCSn::GFP in K+ deficient, rich and typical conditions. Together, these data suggest that cytokinin may have a
mechanistic action via potassium transport in response to abiotic stress beyond the feedback loop previously explored.
Keywords: transcription factors; cytokinin signaling; gene regulation; K+ uptake/transport
Abstract #206. Enhancer Screen to Identify IBA Response Mutants Reveals Interaction Between Peroxisomal Metabolic Pathways
(Submission 377)
1
Vanessica Jawahir , Zolman, Bethany K., UMSL
1
University of Missouri St. Louis, United States
Plant peroxisomes mediate numerous processes in primary and secondary metabolism crucial for growth and development throughout
the entirety of a plant’s life cycle. Peroxisome functions include inactivation of hydrogen peroxide, fatty acid β-oxidation,
photorespiration, and production of the phytohormones indole-3-acetic acid (IAA) and jasmonic acid (JA). Indole-3-butyric acid (IBA) is
metabolized into free IAA in a stepwise fashion similar to fatty acid β-oxidation. A screen identified IBA response mutants (ibr) defective
in IBA to IAA conversion but included peroxisomal biogenesis and import proteins. ibr3-1 and ibr1-1 were mutagenized and screened for
enhanced IBA resistance in hypocotyls. This enhancer screen seeks to identify and define additional factors involved in the function of
IBR3 and IBR1, the conversion of IBA to IAA, and general peroxisome function in Arabidopsis thaliana. Here we describe the initial
characterization of two mutants. The enhancing mutation in Z353ibr3-1 was identified in ACX3, a fatty acid β-oxidation enzyme. ACX3 and
IBR3 are hypothesized to function in the same step of their respective pathways. It is unclear if these enzymes have overlapping catalytic
activity or similarly rely on rate limiting cofactors. Enhanced IBA resistance is also seen when combining ibr3 with other acxs and acx3
with other ibrs. This suggests the mechanism by which acx3 enhances ibr3 is indirect. Whole genome sequencing and use of SALK lines
revealed the causative mutation of Z377ibr3-1 lies in LACS4, a member of the long-chain acyl-CoA synthetase family. LACS6 and LACS7
catalyze the first step in fatty acid β-oxidation, therefore, all LACS family members were tested for IBA resistance. Intriguingly, lacs6 but
not lacs7 was found to be IBA resistant. Genetic and biochemical analysis will be done to determine if LACS4/LACS6 cooperatively
function to charge IBA with CoA. As ACX3 and LACS6 have established roles in fatty acid β-oxidation, both projects will provide insight
into the extent of interaction between fatty acid β-oxidation and IBA to IAA conversion and the overall metabolic necessities of
peroxisomes.
Keywords: Peroxisome; IBA; fatty acid beta-oxidation
Abstract #207. Modulation of ABA core signaling pathway components expression rely on mRNA stability control and phosphorylation
activity (Submission 382)
1
João Guilherme Portugal Vieira , Duarte, Gustavo T, Center for Molecular Biology and Genetic Engineering (CBMEG), UNICAMP, Vincentz,
Michel, Center for Molecular Biology and Genetic Engineering (CBMEG), UNICAMP
1
University of Campinas, Brazil
The hormone abscisic acid (ABA) is essential for development and abiotic stress responses, such as drought, heat, cold and high salinity.
These responses dependent on a core signaling pathway that involves PYR/PYL/RCAR receptors, PP2C phosphatases and SnRK2 kinases.
We show that ABA promotes a shutdown/attenuation of its core signaling pathway through repression of PYR/PYL/RCAR (PYL1, PYL2,
PYL4, PYL5, PYL6, PYL8 and PYR1) and induction of PP2C (ABI1, ABI2, HAI, HAI2, HAB1 and PP2CA) genes expression. This negative
feedback relies, partially, on mRNA stability control, since PYL1, PYL4, PYL5 and PYL6 transcripts were destabilized by ABA. Two
deadenilases (AHG2 and CAF1-a) and one exonuclease (XRN4) were found to be involved in the destabilization of ABA receptors
transcripts. Our data shed light on the importance of the fast control of receptors mRNAs levels to shut down/attenuate the ABA
signaling pathway. This control, possibly, contributes to establish the homeostasis of ABA responses. In addition, kinetics of ABA
treatment gave further support to the importance of the PYR/PYL/RCAR receptors as key-elements both in the negative feedback loop
and in the resetting of ABA core signaling pathway. Experiments, with the phosphorylation inhibitor (staurosporine), indicate that kinases
activity may be important not only to maintenance of basal mRNA level of ABA core signaling elements, but also to trigger the
shutdown/attenuation of this pathway. This result points to the possible involvement of ABA-related SnRK2 kinases in the negative
feedback of ABA core signaling pathway in response to its own hormone. Together the data support the hypothesis of a negative
feedback control of the ABA core signaling, which, partially, depends on the control PYR/PYL/RCAR receptors mRNA stability.
Keywords: Abscisic Acid; Gene Expression, PYR/PYL/RCAR; Post-Transcriptional Control;phosphorylation activity
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Abstract #208. SRFR1, a negative regulator in plant immunity, negatively regulates phosphate starvation response (PSR) by modulating
ethylene biosynthesis (Submission 388)
1
Jianbin Su , Garner, Christopher M., Benjamin Spears, Gassmann, Walter
1
University of Missouri, United States
In nature, the concentration of phosphorus is high, however, the absorbable form of phosphorus, orthophosphate, (Pi) is limited, thus,
plants always faced with low Pi stress. Under low Pi condition, primary root elongation was suppressed, instead, lateral root and root hair
formation were greatly enhanced. Previously, we showed that SRFR1 mutation caused higher basal level immune response and was also
involved in SNC1- and EDS1-dependnet effector-triggered immunity. In this study, we further characterized three alleles of srfr1 mutants.
Surprisingly, under high Pi (1 mM) condition, all of the three srfr1 mutants showed short primary root with more lateral roots and root
hairs, typically of phosphate starvation response (PSR). We demonstrated that the PSR mimic phenotype of srfr1 mutants under high
phosphate condition was independent of SNC1 or EDS1, but was dependent on ethylene biosynthesis. Accordingly, the ACS2, ACS6, ACS7,
ACS8 and ACS9 were significantly up-regulated in srfr1 mutants. These results suggest higher basal level immunity, but not ETI, induces
PSR mimic phenotype even under high Pi condition. Further, we found elf26 treatment, could also induce PSR mimic phenotype under
high Pi (1 mM) condition, which is partially dependent on ethylene signaling pathway. Most interestingly, the PSR mimic phenotype can
be partially rescued by using very high Pi (5-10 mM), indicating a high Pi demand during immune response. To further explore the role of
SRFR1 in connecting immunity and PSR, RNA-seq and identification of SRFR1 interacting proteins are in progress and will be discussed.
Keywords: Ethylene biosynthesis; Phosphate starvation; Plant immunity

Metabolism and Biochemistry:
Abstract #209. Identification and characterization of candidate genes involved in flavonoid biosynthesis and regulation (Submission
135)
1
Nan Jiang , Abdollahzadeh, Azam, The Ohio State University., Cruz, Mariel, The Ohio State University., Gómez Cano, Lina Andrea, The
Ohio State University., Grotewold, Erich, The Ohio State University.
1
The Ohio State University, United States
Flavonoids, which represent a large group of phenolic plant specialized metabolites, have diverse functions in plants, including
pigmentation, signaling and protection against UV radiation and oxidative stress. Although flavonoid biosynthesis is well characterized,
several aspects remain unclear, including transport, storage, and regulation by pathway intermediates. Here, we combine two forwardgenetic approaches to identify and characterize candidate genes involved in flavonoid biosynthesis and regulation. In collaboration with
the ABRC, we screened the various insertion line collections for abnormal seed color phenotypes that would suggest a perturbation in
seed coat proanthocyanidin (PA) accumulation. We identified 18 new lines that were genotyped to confirm the insertion. Progress
towards the characterization of these lines and the respective genes will be presented. We complemented this study with the
identification of flavonoid biosynthesis mutant suppressors. We EMS-mutagenized 3gt (3-O-glycosyltransferase) and tt19 (glutathione Stransferase) mutants and then screened for M2 seedlings for which anthocyanin accumulation was restored in media with high sucrose.
We identified 28 M2 lines in which anthocyanin was accumulated, and we are currently characterizing the anthocyanin profiles and gene
expression patterns in the suppressed mutants.
Keywords: flavonoid biosynthesis; 3-O-glycosyltransferase; glutathione S-transferase; suppressors
Abstract #210. Interrogating the biochemical activities underlying cellular GA distribution gradients (Submission 215)
1
Annalisa Rizza , Ankit Walia, Alexander Jones
1
The Sainsbury Laboratory, United Kingdom
The analysis of where and how gibberellin (GA) is distributed at cellular level is a crucial step for understanding how GA regulates
different stages of the plant life-cycle, such as root growth, hypocotyl elongation, and transition to flowering. In order to visualize and
quantify GA at the cellular level, we are using GPS1 (Gibberellin Perception Sensor 1) the first FRET biosensor which allows for highresolution GA measurement in vivo. Using GPS1, we have discovered GA distribution gradients in rapidly elongating Arabidopsis organs.
In growing Arabidopsis roots, we have observed a longitudinal GA gradient where GA is low in the root division zone and high in the
elongation zone. So far, the patterning of GA biosynthetic, catabolic, and transport activities responsible for this gradient is not clear.
Because exogenous GA is also accumulated preferentially in the elongation zone, we hypothesize that GA import and/or catabolic activity
could be patterned in growing roots. We are now investigating how an ensemble of GA biosynthetic, catabolic, and transport activities
together determine the differential GA distribution among the cells of the Arabidopsis root tip.
Keywords: Roots, Gibberellin, Biosensor, Physiology, Cell Biology
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Abstract #211. Spectroscopic and Photochemical Analyses of Recombinantly-Expressed Phytochromes from Arabidopsis (Submission
241)
1
Weiming Hu , Burgie, Sethe, Washington University in St. Louis., McLoughlin, Katrice, Washington University in St. Louis., Lye, Shu-Hui,
Washington University in St. Louis., Vierstra, Richard, Washington University in St. Louis.
1
Washington University in St. Louis, United States
To adapt to changing light environments, plants employ a set of photoreceptors that collectively measure a broad color spectrum and
then convert the light into signals that drive photomorphogenesis. The most dominant are phytochromes (Phys), a family of bilincontaining photoreceptors that use light to interconvert between two conformers, a red light-absorbing ground-state - Pr, and a far-red
absorbing active-state - Pfr. In addition, Pfr also reverts back to Pr via a light-independent reaction called thermal reversion. Through
measurements of Pfr levels and the Pfr/Pr ratio driven by light and the disappearance of Pfr through thermal reversion back to Pr, Phys
provide both light and temperature perception. Most higher plants express a suite of Phy isoforms with overlapping but distinct
physiological functions, that cooperatively respond from very-low to high irradiance conditions. Our photochemical studies on the
Arabidopsis PhyA-PhyE family expressed recombinantly indicate that this broad light perception is driven, at least in part, by distinct
photochemical properties inherent to each isoform. Included are substantial differences in Pr to Pfr photoconversion rates and Pfr to Pr
thermal reversion rates, and more subtle differences in absorption. We also found that the thermal reversion rate can be strongly
influenced by the nature of the bilin. These in vitro results, combined with protein structural modeling and in vivo studies in Arabidopsis,
should help explain the distinct roles of each Phy isoform and identify how they might cooperate to regulate plant photomorphogenesis.
Abstract #212. Regulation of Cell Wall Strength and Salt tolerance by the Arabidopsis MUR4 (Submission 264)
1
Omar Zayed , Zhao, Chunzhao
1
Purdue University, United States
Salinity is one of the widely-studied plant abiotic stresses that substantially limits crop yield and production. Salts reduce plant cell wall
flexibility by increasing cell wall content of cross-linked structures. Maintaining cell wall architecture and integrity is an important
criterion for enhancing plant stress tolerance. The presence of wall arabinose-containing polymers had been suggested to be the key
structural component responsible of the unique abiotic stress tolerance characteristic of plants. To identify different genetic loci that are
involved in salt stress response, we screened for Arabidopsis mutants that showed relatively growth defect in NaCl medium compared
with wild type. mur4 showed hypersensitivity to salt, but behave normally under other osmotic stress condition. MUR4 encodes a UDPxylose 4-epimerase, the key pathway of arabinose biosynthesis in plant. Arabinose accounts for 5–10 % of cell wall saccharides
in Arabidopsis and is mainly found in arabinan, CLE, extensin, arabinoxylan, AGP and RGII. From these downstream structures, we found
different contribution from each of these components in cell wall integrity and salt tolerance. Salt reduce arabinan, AGP and extensin
contents in the cell wall. Reactive oxygen species (ROS) and hydrogen peroxide H2O2 were also over-accumulated in mur4 plants under
salt stress compared to the wild type. PLAT are plant-stress proteins that are suggested to promote stress tolerance. Nevertheless, little
information are known regarding their specific functions. It is suggested that PLAT regulate salt tolerance by affecting the catalytic
activity and substrate specificity of membrane proteins. However, the mechanism and the partner proteins are still
unknown. Both MUR4 and PLAT1, which are induced by salt stress, positively regulate salt tolerance. Split-LUC and yeast two hybrid
assay showed that MUR4 directly interacts with PLAT1. Altogether, our data suggest that arabinose content is an important factor in salt
tolerance and PLAT1 is involved in the regulation of MUR4 activity.
Keywords: Salt; MUR4; Cell wall
Abstract #213. Arabidopsis Bax inhibitor-1 promote VLCFA synthesis through the interaction with VLCFA-related enzymes (Submission
285)
1
Minoru Nagano , Kakuta, Chikako, the University of Tokyo, Fujiwara, Masayuki, Keio University, Fukao, Yoichiro, Ritsumeikan University,
Kawai-Yamada, Maki, Saitama University
1
Saitama University, Japan
Programmed cell death (PCD) is crucial for developments and stress responses in plants, and is highly regulated by various factors. Bax
Inhibitor-1 (BI-1) is a widely conserved cell-death regulator. Arabidopsis BI-1 (AtBI-1) is a 7-times transmembrane protein localized in
endoplasmic reticulum (ER), and suppresses cell death induced by oxidative stress, which generates reactive oxygen species (ROS) in
plant cells. We previously demonstrated that AtBI-1 interacts with a sphingolipid fatty acid 2-hydroxylase through a cytochrome b5 (Cb5),
and also with a sphingolipid D8-desaturase possessing a Cb5-like domain at its N-terminus. These results suggest that AtBI-1 regulates
PCD through sphingolipid synthesis, because sphingolipids participate in PCD. In this study, we identified ELOs as novel proteins that are
related to AtBI-1 function by the screening of sphingolipid-related yeast mutants. ELO is a condensing enzyme for very-long-chain fatty
acids (VLCFAs) in yeasts and animals, and a number of VLCFAs are contained in sphingolipids. In Arabidopsis, there are 4 ELO homologues
(AtELO1-AtELO4), and we showed that AtELO1 and AtELO2 interact with Cb5. They also interacted with VLCFA-synthetic enzymes such as
KCR1, PAS2 and CER10, suggesting that AtELO1 and AtELO2 are involved in VLCFA synthesis. In addition, our immunoprecipitation-mass
spectrometry analysis demonstrated that AtBI-1 interacts with VLCFA-synthetic enzymes including AtELO2. Moreover, AtBI-1 promoted
rapid synthesis of 2-hydroxy VLCFAs after the treatment of hydrogen peroxide. These results indicate that AtBI-1 regulate VLCFA
synthesis through the interaction with VLCFA-synthetic enzymes during stress responses.
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Keywords: Sphinoglipids; VLCFA; programmed cell death; oxidative stress
Abstract #214. Control of plant growth by differential light/temperature entrainment of the clock: phase shifts in clock-gene
expression and carbohydrate metabolism (Submission 315)
1
Mark van Hoogdalem , Shapulatov, Umidjon, Laboratory of Plant Physiology - Wageningen University, Gebraegziabher, Habtamu,
Horticulture and Product Physiology - Wageningen University, Busscher-Lange, Jacqueline, Laboratory of Plant Physiology - Wageningen
University, Schreuder, Marielle, Laboratory of Plant Physiology - Wageningen University, Wassenaar, Maarten, Horticulture and Product
Physiology - Wageningen University, Van Ieperen, Wim, Horticulture and Product Physiology - Wageningen University, Van der Krol,
Sander, Laboratory of Plant Physiology - Wageningen University
1
Wageningen University, Netherlands
Management of elongation growth is essential for the year round production of high-quality, compact-shaped plants in greenhouses.
Elongation is usually suppressed by spraying chemical plant growth regulators (PGRs), but the use of these chemicals needs to be reduced
and replaced by more sustainable methods. A negative day-night temperature difference (cold day-warm night: -DIF) can be used to
control growth of plants in greenhouses without the use of chemical PGRs. However, the physiological mechanisms underlying this
phenomenon are poorly understood.Previous studies showed that –DIF affects clock regulated processes (e.g. leaf movement) and
causes limitations in auxin and ethylene hormonal signaling, which ultimately links to growth suppression. Here we show that –DIF
directly affects the clock by inducing differential phase shifts in promoter activity of different core clock genes. The altered clock under DIF also affects carbohydrate metabolism: Under ‘natural’ conditions (cold night-warm day: +DIF) starch, which accumulated during the
photoperiod, is broken down in a clock-controlled way to avoid carbohydrate starvation at the end of the night (EON). Under –DIF the
altered clock output results in earlier initiation of starch breakdown. We demonstrate that this is caused by changes in transcription of
BAM3, ISA3, and SEX1. Early initiation of starch breakdown, combined with an increased night-time respiration under –DIF, results in
lower starch levels at the EON and causes induction of the carbohydrate starvation response status, which induces growth suppression.
Keywords: Circadian clock; abiotic stress; growth; starch metabolism; carbohydrate starvation
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Abstract #216. Understanding the crosstalk between carbohydrate transport and phosphate use in plants with enhanced phloem
partitioning from source to sink (Submission 341)
1
Mearaj Shaikh , Umesh Yadav, Brian G Ayre
1
University of North texas, United States
Plant yield is largely dependent on photosynthate partitioning from sites of net production (e.g. leaves) to sites of net utilization (e.g.
roots, fruits and young leaves). We previously showed that increased phloem transport could be achieved by over-expressing SUCROSE
TRANSPORTERS (SUTs) in the phloem companion cells of leaves; however, rather than improving productivity the plants were stunted.
Further investigation suggested that stunting was due to the perception of a phosphate (P) deficiency in the SUT over-expression (OE)
lines. Our studies revealed that the SUT-OE lines had up-regulation of phosphate starvation genes, and stunting could be overcome by
adding Plant yield is largely dependent on photosynthate partitioning from sites of net production (e.g. leaves) to sites of net utilization
(e.g. roots, fruits and young leaves). We previously showed that increased phloem transport could be achieved by over-expressing
SUCROSE TRANSPORTERS (SUTs) in the phloem companion cells of leaves; however, rather than improving productivity the plants were
stunted. Further investigation suggested that stunting was due to the perception of a phosphate (P) deficiency in the SUT over-expression
(OE) lines. Our studies revealed that the SUT-OE lines had up-regulation of phosphate starvation genes, and stunting could be overcome
by adding phosphate supplements to the growth media. These results show that efforts to enhance carbon transport via the phloem may
be imperiled by greater P needs. The aims of this project are to explore Carbon (C): P homeostasis and possibly uncouple it for the benefit
of plant productivity. Free inorganic P (Pi) and total P levels in SUT-OE were significantly greater than WT. MiR399-OE lines are known to
over-accumulate phosphate by inhibition of phosphate signaling pathway. We hypothesized that if SUT-OE lines are under P deficiency
(perceived or true) then crossing them with phosphate over-accumulating lines, would alleviate stunting of SUT-OE plants. Homozygous
crossed F3 (MiR399-OE x AtSUT2) lines showed rescue of SUT-OE phenotype, metabolite analysis is in progress to characterize changes in
major P – containing pools of compounds. Phloem transport studies with radiolabeled 14CO2 are underway to assess changes in
photosynthate partitioning. Preliminary findings support our model for tight coupling in C:P homeostasis. Uncoupling these interactions
may lead to improved productivity without the need for increased fertilizer use.phosphate supplements to the growth media. These
results show that efforts to enhance carbon transport via the phloem may be imperiled by greater P needs. The aims of this project are to
explore Carbon (C): P homeostasis and possibly uncouple it for the benefit of plant productivity. Free inorganic P (Pi) and total P levels in
SUT-OE were significantly greater than WT. MiR399-OE lines are known to over-accumulate phosphate by inhibition of phosphate
signaling pathway. We hypothesized that if SUT-OE lines are under P deficiency (perceived or true) then crossing them with phosphate
over-accumulating lines, would alleviate stunting of SUT-OE plants. Homozygous crossed F3 (MiR399-OE x AtSUT2) lines showed rescue of
SUT-OE phenotype, metabolite analysis is in progress to characterize changes in major P – containing pools of compounds. Phloem
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transport studies with radiolabeled 14CO2 are underway to assess changes in photosynthate partitioning. Preliminary findings support
our model for tight coupling in C:P homeostasis. Uncoupling these interactions may lead to improved productivity without the need for
increased fertilizer use.
Abstract #217. Functional Characterization of a New Cytochrome P450 Reductase Gene Relevant to Artemisinin Biosynthesis
(Submission 368)
1
Rika Judd , Deyu Xie
1
North Carolina State University, United States
In 2015, the World Health Organization (WHO) reported that malaria caused 212 million infectious disease cases and caused 429, 000
deaths. Artemisinin, a unique endoperoxide sesquiterpene lactone molecule produced by Artemisia annua, is an effective antimalarial
drug. This medicinal plant forms the only natural source of the drug for artemisinin-based combination therapy (ACT), which is requested
by WHO to be the first clinical line for malaria treatment. Apart from anti-malarial activity, artemisinin has been shown to be a potential
therapeutic for cancer and malaria. Due to low production, many efforts have been undertaken to understand artemisinin biosynthesis to
overcome this problem. New genes have been cloned from A. annua to show their potential involvement in the early biosynthetic steps
to artemisinin precursors. In addition to this, new candidate genes have been continuously mined from transcriptomes of A. annua. Our
goal is to biochemically characterize a new cytochrome P450 reductase gene from A. annua, and exploit its involvement in artemisinin
biosynthesis.
Abstract #218. The transcription factor bZIP63 modulates starch degradation (Submission 379)
1
Américo José Carvalho Viana , Matiolli, Cleverson C, Center of Molecular Biology and Genetic Engineering (CBMEG), UNICAMP, Vincentz,
Michel, Center of Molecular Biology and Genetic Engineering (CBMEG), UNICAMP
1
State University os Campinas - Unicamp, Brazil
The Arabidopsis transcription factor bZIP63, a member of the C group of the basic LEUCINE ZIPPER (bZIP) family, under energy deficit
conditions, heterodimerizes with S1 group bZIPs, bZIP1, bZIP11 and bZIP53 in a SnRK1.1 dependent manner and therefore mediates
transcriptional changes induced by energy deficit. Two T-DNA insertional mutants, bzip63-2 and -3 and the transgenic line RNAi-L9
silenced for bZIP63 expression by RNAi approach, displayed impaired growth under diel conditions. Aiming to identify bZIP63 target genes
that could explain the observed growth impairment, a comparative transcriptomic analysis of bzip63-2, RNAi-L9 and wild type Ws was
realized. The analysis revealed 348 and 1844 deregulated genes in bzip63-2 and RNAi-L9, respectively. Three genes involved in starch
degradation GWD1/SEX1, PWD and DPE2 were found to be induced in bzip63-2 and bzip63-3. In addition, the promoter region of SEX1
was shown to be bound by bZIP63. However, in the RNAi-L9, this set of starch degradation genes were not deregulated, but instead
BAM1, 3 and 4, known to be involved in starch degradation, were down regulated. The divergence in amount and set of deregulated
genes, including those related to starch degradation between bzip63-2 and -3 and RNAi-L9 most likely reflects the off target silencing of
bZIP63 heterodimeric partners bZIP1 and bZIP53 observed only in RNAi-L9. The data raised the hypothesis that starch breakdown in
bzip63-2/bzip63-3 and in RNAi-L9 should be faster and slower, respectively, compared to Ws. Measurements of starch content
throughout the diel cycle confirmed that these predictions were correct. In addition, in RNAi-L7 transgenic line, in which bZIP63 silencing
was weaker than in RNAi-L9, and bZIP1/bZIP53 were not deregulated, there was no difference in starch content compared to Ws.
Together, these results support the notion that bZIP63 and its dimerization partners, bZIP1 and bZIP53 are important to modulate the
starch breakdown at night.
Keywords: bZIP transcription factor; bZIP63 heterodimerization partners; starch degradation
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Natural Variation, Evolution, Ecology:
Abstract #219. The evolution of gene regulatory networks confers stress tolerance within the Brassicaceae (Submission 38)
1
Ying Sun , Dong-Ha Oh, Maheshi Dassanayake, José Dinneny
1
Stanford, United States
Soil salinity poses a major threat to food security and costs the world more than 11 billion dollars per year. Using Arabidopsis, several key
components of the salt-response pathway have been identified in recent years. However, little is known about the degree in which saltresponse pathways are conserved across plant relatives. Identifying genetic networks that affect plant growth under salt stress will
provide novel insight into how salt-tolerance can be engineered in crop species. The majority of a plant’s transcriptional response to salt
stress is mediated by the plant stress hormone, abscisic acid (ABA), and its downstream ABA-responsive transcription factors (ABFs). One
possibility is that salt-tolerant (halophyte) relatives of Arabidopsis such as E. salsugineum and S. parvula utilize ABA signaling pathways to
acclimate to salinized soil. To test this, I aim to define the contributions of the ABF transcription factor family in regulating salinitymodulated growth in halophyte species within Brassicaceae. Using DNA affinity purification and sequencing (DAP-Seq) I am identifying
how variation in the function of DNA regulatory elements (cis-elements) determines differences in salt-regulated gene expression
between salt tolerant and salt sensitive Brassica species. Identifying and characterizing the functional effects of sequence variation on
ABF-mediated gene expression will elucidate the transcriptional networks that contribute to salt tolerance in plants.
Keywords: Halophyte; regulatory kinetics; gene-regulatory networks; salinity- modulated growth; DAP-Seq
Abstract #220. Comparative analysis of distinct responses of Arabidopsis natural variations to N deficiency (Submission 53)
1
Atsushi Mabuchi , Monda, Keina, Kyushu Univ., Takahashi, Sho, Kyushu Univ., Sakuraba, Yasuhito, Univ. Tokyo, Negi, Juntaro, Kyushu
Univ., Yanagisawa, Shuichi, Univ. Tokyo, Iba, Koh, Kyushu Univ.
1
Kyushu University, Japan
Nitrogen (N) and carbon (C) are essential elements required for plant growth and metabolism. N is mainly taken up as nitrate or
ammonium by roots, while C is taken up as atmospheric CO2 through stomatal pores. To clarify the mutual regulation between N
assimilation and CO2 uptake, growth of numerous Arabidopsis ecotypes under the N-limiting condition was investigated. We measured
dry weights of shoots and roots of the seedlings grown under the N-limiting condition and found that some ecotypes showed significantly
larger or smaller biomass under this condition, compared with other ecotypes. We selected three ecotypes exhibiting larger biomass and
performed further analyses to investigate the difference between N nutrient responses of these ecotypes and the reference accession
Col-0. We measured their primary root lengths, lateral root numbers, and lateral root lengths under the N-deficient and N-sufficient
conditions. One of the selected ecotypes showed significantly enhanced elongation of the primary root and increased the lateral root
number under the N-deficient conditions, compared with Col-0. In addition, increases of the lateral root number of this ecotype plants
under the N-deficient condition depended on the light condition. We are currently analyzing the N-responsive gene expression in the
selected ecotype. We will present detailed information and new insights obtained by our comparative analysis with various ecotypes.
Keywords: Natural variation, Nitrogen
Abstract #221. The Structural Consequences of Polyploidy in Arabidopsis thaliana (Submission 59)
1
Evan Pacey , Maherali, Hafiz, University of Guelph, Husband, Brian, University of Guelph
1
University of Guelph, Canada
Polyploidy, having more than two sets of chromosomes per nucleus, can have dramatic effects on the structural biology of organisms.
The most common effect is that polyploid cells are larger and have higher volume:surface area ratios than smaller, diploid cells. I
hypothesize that these differences may lead to a greater net intracellular storage capacity and weaker cell structure in polyploid tissues
compared to diploid tissues. To test these hypotheses, tetraploid and octoploid individuals of naturally occurring diploid accessions of
Arabidopsis thaliana were artificially generated. This ploidy series was then subjected to a number of tests that quantified the storage
and structural differences among cytotypes. Tetraploids and octoploids had significantly higher relative water contents per unit tissue dry
mass and survived longer under water limitation than diploids. However, octoploids were significantly smaller than diploids and
tetraploids and often experienced structural collapse during fruiting. These results as well as additional results for chlorophyll and starch
content, stem height, fitness in saline environments and cell size measurements with confocal imaging will be discussed.
Keywords: Genome size; Cell size; Tissue storage; Structural strength; Structural collapse
Abstract #222. Multi-trait genome-wide association mapping reveals the genetic architecture of plant stress resistance (Submission 87)
1
Manus Thoen , Davila Olivas, Nelson, Bayer crop Science, Kloth, Karen, Umeå Plant Science Centre, Coolen, Silva, Utrecht University,
Huang, Ping-Ping, Wageningen University, van Heerwaarden, Joost, Wageningen University, Kruijer, Willem, Wageningen University, van
Eeuwijk, Fred, Wageningen University, Dicke, Marcel, Wageningen University
1
UChicago, United States
In nature, plants are exposed to combinations of various biotic and abiotic stresses, but stress responses are usually investigated for
single stresses in a single host species. Multi-phenotype analyses have drawn increasing attention in genomic studies. We investigated
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the genetic architecture underlying plant responses to 11 single stresses and several of their combinations by phenotyping 350
Arabidopsis thaliana accessions. A set of 214 000 single nucleotide polymorphisms (SNPs) was screened for marker-trait associations in
genome-wide association analyses using tailored multi-trait mixed models. Stress responses that share hormonal signaling pathways also
share genetic architecture underlying these responses. For the 30 candidate SNPs with the lowest P value, average quantitative trait locus
(QTL) effect sizes were larger for dual stresses than for single stresses. Plants appear to deploy broad-spectrum defensive mechanisms
influencing multiple traits in response to combined stresses. One promising candidate gene belongs to the nucleotide-binding site
leucine-rich repeat (NB-LRR) family of resistance (R) proteins. The knock-out line showed enhanced resistance to caterpillars, osmotic
stress and salt stress. This begs the question why we observe functional polymorphism for this gene. Ancient balanced polymorphisms
have been described in Arabidopsis for several R genes. The next step in our research is reconstructing the evolution of R gene
polymorphism in A. thaliana and close relatives. Diffuse ecological interactions of two co-occurring Brassicaceae weeds (Cardamine
hirsuta and Draba verna) that share the same generalist pathobiome in nature are a great model for comparative genomics. By studying
natural variation of these plants and their environment as complex assemblies of interacting community members we can start to
understand the evolution of host-plant resistance in the face of community complexity.
Keywords: Multi-trait GWAS; Combined plant stress; R-genes; Host-plant resistance; Evolutionary Ecology
Abstract #223. The effect of structural variation on crossover positioning in Arabiopsis thaliana (Submission 92)
1
Beth Rowan , Feuerborn, Tatiana, University of Tuebingen* *now University of Copenhagen, Henderson, Ian R., University of Cambridge,
Weigel, Detlef, Max Planck Institute for Developmental Biology
1
University of California, Davis, United States
One of the advantages of sexual reproduction is the possibility of forming new combinations of alleles through crossovers (COs) that
swap portions of the maternal and paternal homologous chromosomes during meiosis, making new trait combinations available for
natural selection. The rate of CO formation and the locations of CO events can therefore affect the co-inheritance of traits. Although
several factors that influence CO rates and distributions have been identified, detailed knowledge of how the CO landscape is established
remains superficial. This is largely because characterizing the CO landscape has traditionally been laborious and imprecise. In this study,
we engineered cost-effective methods for performing high-throughput sequencing on large populations of recombinant individuals to
generate precise CO maps. Using this approach, we examined the influence of large- and small-scale genomic structural variations on CO
frequency and positioning by generating a CO map from over 2000 individuals of an F2 population derived from two Arabidopsis thaliana
accessions with high-quality reference genomes: Col and Ler. With these data, we were able to characterize a landscape of over 15,000
CO events within a single F2 cross, representing the densest CO map available for a higher eukaryote. We examined the frequency of COs
within and around inversions, insertions, deletions, translocations, and tandem copy number variations. COs occurred rarely within these
structural variants, but CO rates were often slightly elevated in the flanking regions. Other hypervariable regions of the genome, such as
disease resistance gene clusters, exhibited both high and low CO rates. COs were strongly associated with regions of open chromatin. We
conclude that COs are generally suppressed within regions containing structural variation, but that this effect does not depend on the
size of the variant region and is only marginally affected by the variant type.
Keywords: meiosis, recombination, structural variation, whole genome sequencing, chromatin
Abstract #224. Understanding molecular variation in the RNA polymerase V Ago-binding platform (Submission 117)
1
Joshua Trujillo , Beilstein, Mark A., University of Arizona, Mosher, Rebecca A., University of Arizona
1
University of Arizona, United States
RNA Polymerase (Pol) V plays a central role in small RNA-directed DNA methylation by recruiting Argonaute (AGO) proteins to chromatin.
The largest subunit of RNA Pol V (NRPE1) interacts with AGO proteins through a series of GW/WG peptide motifs, known as Ago hooks,
which create an Ago-binding platform within the carboxyl terminal domain (CTD). NRPE1 orthologs share extensive sequence
conservation within the catalytic domains, but Ago-binding platforms in the CTD are highly variable among land plants. To better
understand the NRPE1-AGO interaction, we investigated the evolutionary dynamics of the Ago-binding platform from more than 50
species, including detailed analysis of two well-studied plant groups, the family Brassicaceae and genus Oryza. We demonstrate that
while the Ago-binding platform of NRPE1 is highly variable at the sequence level, orthologs share the presence of Ago hooks, tandem
repeat arrays, and intrinsic disorder. Rapid evolution of the Ago-binding platform occurs through relaxed selection coupled with
expansion and contraction of the tandem repeat array, allowing for restructuring of the Ago-binding platform in as little as 50-60 million
years. We are currently assessing the functional consequences of hypervariability in the NRPE1 CTD, including potential co-evolution with
AGO proteins.
Keywords: Protein evolution; RNA Polymerase V; Ago hooks

76

Abstract #225. High- and low-affinity ammonium transporters in Marchantia polymorpha (Submission 131)
1
Nu Wang , Hanqing Guo, Anke Reinders, Tami R. McDonald, John M. Ward
1
University of Minnesota, United States
Ammonium uptake via AMTs is important for nitrogen nutrition in plants. Plants encode both electrogenic (AMT1) and electroneutral
(AMT2) ammonium transporters. Both types have been studied extensively but only in angiosperms. Genome sequence for the bryophyte
Marchantia polymorpha was recently obtained and showed that Marchantia contains 9 AMT1 and 10 AMT2 genes. We studied transport
activity, gene expression and membrane localization of MpAMT1;2 and MpAMT1;5. By expression in Xenopus oocytes and two-electrode
voltage clamping, we determined that MpAMT1;2 and MpAMT1;5 are both electrogenic ammonium transporters. MpAMT1;5 has a low
affinity for ammonium (K 0.5 =0.38 mM at pH 5.6) while MpAMT1;2 is a high affinity ammonium transporter (K 0.5 =0.007 mM at pH 5.6).
Marchantia polymorpha gametophytes were transformed with C-terminal citrine fusions for both transporters and both clearly localize to
the plasma membrane. Expression of both transporters was regulated by nitrogen supply. Using promoter-GUS analysis, MpAMT1;2
showed high expression when the plants were grown on half-strength B5 medium (12 mM KNO3 , 0.5 mM (NH4)2SO4) but low
expression when grown under N-deficiency conditions or with sufficient N supplied as the amino acid alanine. Expression of MpAMT1;5
showed lower expression but was induced under N deficiency. In Arabidopsis AMT1 transporters are down-regulated by phosphorylation
by CPK23. Sequence alignment revealed a conserved phosphorylation site in all Marchantia AMT1 homologs and none of the AMT2
homologs suggesting similar regulation in Marchantia. Overall, the results indicate that Marchantia is a good model to study ammonium
transporter activity.
Keywords: Marchantia polymorpha; Ammonium transporters; Gene expression; Protein localization
Abstract #226. Asymmetric evolution of transcription factor expression and regulation in Arabidopsis thaliana (Submission 175)
1
Nicholas Panchy , Christina Azodi, Eamon Winship, Ronan O'Malley, Shin-Han Shiu
1
Michigan State University, United States
Transcription factors (TFs) control both the development and environmental response of organisms by modulating the expression of
genes. The evolution of TF functions has contributed to the emergence of new species and domestication of crops. In plants, new TFs
arise primarily as a result of whole genome duplication (WGD) and while duplicates are lost following a WGD event, transcription factors
are retained at a significantly higher rate than other genes. By modeling the retention rate of duplicates in Arabidopsis thaliana, we found
that the exceptional retention of TFs following WGD is strongly associated with their higher than average maximum expression and lower
than average mean expression. Furthermore, the evolution of retained TF duplicates is biased such that one copy retains the majority of
ancestral expression states and cis-regulatory sites, while the other copy loses ancestral expression but gains novel cis-regulatory sites.
This pattern of partitioning was investigated by modeling the evolution of TF duplicate pairs using a system of ordinary differential
equations. Our results revealed a bias towards TF duplicate pairs evolving to and remaining in a partitioned state, which suggests these
duplicate TFs may have been kept because one copy preserved the ancestral function while the other has evolved new functions.
Keywords: Gene duplication; Gene evolution; Regulation of expression; Transcription Factors; Ancestral inference
Abstract #227. Exploring the variation of ecophysiological traits within a biparental and genetically diverse population of natural
accessions of Setaria (Submission 225)
1
Max Feldman , Patrick Ellsworth, Greg Ziegler, Brianna Haining, Melissa Jurkowski, Asaph Cousins, Ivan Baxter
1
Donald Danforth Plant Science Center, United States
Setaria viridis is proving to be an ideal experimental model to study the genetic basis of ecophysiological traits in controlled
environments. In addition to many favorable experimental and life history attributes, S. viridis exhibits high genetic diversity and has
evolved the ability to colonize habitats throughout the globe. Understanding how the developmental processes that influence plant form
interact with physiological characteristics such as water use and nutrient assimilation is an important area of research. To achieve this
objective we have performed three water limitation experiments using two independent genetically structured populations (S.
viridis natural diversity panel and an interspecific S. italica x S. viridis recombinant inbred line population) in the Bellweather Phenotyping
Facility at the Donald Danforth Plant Science Center. The capabilities afforded by stable isotope ratio analysis, broad spectrum elemental
profiling, high-frequency temporal trait measurement and stringent control of environmental variables enable us to rapidly identify
germplasm with unique properties and gain detailed insight into how genetic loci interact with abiotic factors to determine plant
phenotype.
Keywords: Quantitative genetics Ecophysiology Natural variation High-throughput phenotyping Water use efficiency
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Novel Tools, Techniques and Resources:
Abstract #228. Applications of CRIPSR/Cas9 breeding using flowering stimulation and precision lighting (Submission 33)
1
Juan Matte , R. Siqueira, F. Aquea, C. Santibañez, B. Jones, P. Arce-Johnson
1
Pontificia Universidad Catolica de Chile, Chile
CRISPR/Cas9 has been shown to be an excellent tool for genome editing. In plants, it is starting to be used in breeding to create improved
varieties that are genetically modified but transgene-free. This possibility is particularly interesting in the forestry industry. Because they
represent a renewable resource, the demand for wood products is expected to continue to increase into the future. Breeding is one way
of increasing the productivity of trees and forests. Genetic improvement of long-lived species like trees is problematic because the long
generation times make incorporation of new characteristics prohibitively long-term. In most countries, tight regulations opposing
transgenic use in the field make direct integration of novel genetic material undesirable. CRISPR/Cas9 has several major advantages over
previous transgenic-based approaches and can work alongside conventional breeding programs by directly improving known yieldrelated loci or genes. In this work, we target reporter genes in Arabidopsis thaliana by using a modified CRISPR/Cas9 system and have
added a strong ubiquitous CaMV 35S promoter, driving the FLOWERING LOCUS T (FT) gene. Ectopic expression of FT accelerates sexual
development. To regulate the acceleration of flowering time to get viable flowers, we use precision lighting with different ratios of Blue,
Red and Far Red light. The CRISPR/Cas9 mutated plants flower earlier than normal as a result of the ectopic FT expression, resulting in
fast recovery of the second generation (F2) in Arabidopsis. We will use this technology to accelerate breeding in arboreal species.
Keywords: CRISPR/Cas9, PRECISION LIGHTING FOR PLANTS
Abstract #229. Using phylogeny of proteins to predict signaling partners in plant immunity (Submission 265)
1
Dmitry Lapin , Kovakova, Viera, Beyer, Andreas, Parker, Jane
1
Max-Planck Institute for Plant Breeding, Germany
Using phylogeny of proteins to predict signaling partners in plant immunityD. Lapin 1*, V. Kovakova 2*, A. Beyer 2, J. Parker 1* the
authors contributed equally1- Max-Planck Institute for Plant Breeding, Cologne, Germany2- CECAD, University of Cologne, GermanyThe
work is supported by DFG SFB680Immune systems rely on the recognition of microbes by surface or intracellular receptors. Information
from activated intracellular receptors, represented by Nod-like proteins (NLRs) in plants, is transmitted to the gene expression regulatory
system via the EDS1 protein family by an unknown molecular function. This structurally defined group of proteins resembles lipases.
While the predicted catalytic triad is dispensable for immunity, the lipase-like domain supports a flexible and essential C-terminal portion
in signal relay. Here, we present results of in silico predictions of signaling partners. This method compares phylogenetic trees for plant
proteins and is based on the assumption that functionally-related proteins share similar evolutionary paths. We used this idea to identify
candidate signaling partners of the EDS1-family. The method utilizes the improved Mirror Tree algorithm and a significant effort has been
made to build phylotrees from >11K high-quality orthogroups representing >50 plant genomes. This work revealed several known plant
immunity regulators (such as NPR1, FMO1) as strongly coevolving with the EDS1-family. In addition, one G-group protein phosphatase
(PP2C) had a strong coevolution signal. In preliminary experiments, Arabidopsis mutants for several G-group PP2Cs displayed some loss of
pathogen resistance conferred by the EDS1-depenent NLR, RPP4. We are investigating whether G-group phosphatases function with
other NLRs and/or molecularly interact with the EDS1-family. Furthermore, to make the coevolution data accessible for the scientific
community, we are developing a web-based R-shiny application. We invite others to discuss the potential as well as pitfalls of the method
and physiological relevance of the findings.
Keywords: coevolution; NLR immunity; protein phosphatase; R Shiny; EDS1
Abstract #230. Identifying Argonaute-RNA target interactions in vivo through AGO-mediated target covalent modifications (Submission
296)
1
Pedro Costa-Nunes , Teng, Chong, Donald Danforth Plant Science Center, Baldrich, Patricia, Donald Danforth Plant Science Center,
Meyers, Blake C., Donald Danforth Plant Science Center, University of Missouri – Columbia, Carrington, James C., Donald Danforth Plant
Science Center
1
Donald Danforth Plant Science Center, United States
Argonaute (AGO) proteins play a central role in post-transcriptional and transcriptional gene silencing pathways in eukariots, impacting
development, biotic and abiotic stress response, genome integrity and epigenetic modifications. Loading of AGO proteins with smRNAs
(21-24nt) confers sequence homology based target recognition to the effector complex. A. thaliana encodes ten AGO proteins, with
prediction algorithms based on smRNA / target homology, reverse genetics and deep sequencing approaches leading to our current
understanding of its mode of action and functional diversification. We have developed a new approach to study AGO function by
generating N-terminal fusion proteins containing the C. elegans poly (U) polymerase PUP-2. PUP-2 fusions have been previously
demonstrated to selectively tag RNAs bound to a RNA binding protein of interest in vivo by addition of a poly (U) tail to its 3’-end. PUP-2
N-terminal fusion to AthAGO7 does not interfere with protein function as assessed by transient assays conducted in N. benthamiana,
with the chimeric protein displaying slicing activity at the predicted miR390 / TAS3a guided cleavage site and promoting biogenesis of
secondary ta-siRNAs, hence retaining ability for SGS3 recruitment. TAS3a poly-uridylated transcripts were identified in mRNA enriched
samples of both WT and slicer deficient AGO7 chimeric proteins demonstrating the N-terminal fused PUP-2 retains its polymerase activity
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and that poly-uridylation of TAS3a transcripts can be achieved with fully functional AGO proteins. The later observation is of particular
importance, as previous characterization of in vivo AGO targets requires use of slicer deficient mutants found to act as dominant
suppressors in a WT background. Furthermore, as PUP-2 covalently modified RNAs can be identified following total RNA isolation, the
described strategy holds the potential to further advance our knowledge of AGO function and to move from tissue to cell type specific
approaches.
Keywords: post-transcriptional silencing; ARGONAUTE proteins; RNA tagging; in vivo analysis; transcriptomics
Abstract #231. PlaMoM: a comprehensive database compiles plant mobile macromolecules (Submission 321)
1
Shoudong Zhang , Guan, Daogang, Hong Kong Baptist University, Yan, Bin, Hong Kong University, Thieme, Christoph, Max Planck Institute
of Molecular Plant Physiology, Hua, Jingmin, Hong Kong Baptist University, Zhu, Hailong, Hong Kong Baptist University, Boheler, Kenneth,
Hong Kong University, Zhao, Zhongying, Hong Kong Baptist University, Kragler, Friedrich, Max Planck Institute of Molecular Plant
Physiology, Xia, Yiji, Hong Kong Baptist University
1
Hong Kong Baptist University, Hong Kong
In plants, various phloem-mobile macromolecules including noncoding RNAs, mRNAs and proteins are suggested to act as important
long-distance signals in regulating crucial physiological and morphological transition processes such as flowering, plant growth and stress
responses. Given recent advances in high-throughput sequencing technologies, numerous mobile macromolecules have been identified
in diverse plant species from different plant families. However, most of the identified mobile macromolecules are not annotated in
current versions of species-specific databases and are only available as non-searchable datasheets. To facilitate study of the mobile
signaling macromolecules, we compiled the PlaMoM (Plant Mobile Macromolecules) database, a resource that provides convenient and
interactive search tools allowing users to retrieve, to analyze and also to predict mobile RNAs/proteins. Each entry in the PlaMoM
contains detailed information such as nucleotide/amino acid sequences, ortholog partners, related experiments, gene functions and
literature. For the model plant Arabidopsis thaliana, protein–protein interactions of mobile transcripts are presented as interactive
molecular networks. Furthermore, PlaMoM provides a built-in tool to identify potential RNA mobility signals such as tRNA-like structures.
The current version of PlaMoM compiles a total of 17 991 mobile macromolecules from 14 plant species/ecotypes from published data
and literature. PlaMoM is available at http://www.systembioinfo.org/plamom/.
Keywords: PLAMOM, DATABASE, MOBILE MACROMOLECULES, tRNA-like motif, ortholog partners
Abstract #232. Development of the database for the bio-resources of Arabidopsis at RIKEN BRC (Submission 330)
1
Satoshi Iuchi , Kobayashi, Masatomo, RIKEN BRC Experimental Plant Division
1
RIKEN, Japan
RIKEN BRC (BioResource Center) has joined the National Bioresource Project (NBRP) in Japan and the Experimental Plant Division of
RIKEN BRC has distributed the DNA clones of Arabidopsis thaliana to the researcher around the world. To establish easier access to the
clone information, we are trying to construct the novel database and web site. Initially, our new database included the TF clone, which
contains the ORF sequence (without STOP codon) of Arabidopsis transcriptional factors in the gateway entry vector system, and the TAC
clone, which contains Arabidopsis genome fragment (78 kb, on average) in TAC vector. Here we present the addition of new data set
from RAFL cDNA clones, the full-length cDNA clone of Arabidopsis thaliana.At first, we mapped the DNA sequences of these clones (either
whole region or border sequence) to Arabidopsis genome sequence using CLC workbench. Then we constructed the database that
includes both of the mapped position data and Arabidopsis gene annotations from Araport11 and TAIR10. In order to improve the data
accessibility from user scientists, we tried to visualize the data by drawing a schematic view of the insert region on the web page. Further
improvement of the web page design is under way. (Web access: https://plant.rtc.riken.jp/resource/)
Keywords: database; bioresources; RAFL clone; TAC clone; TF clone
Abstract #233. A Comprehensive Ionomics Screen of Arabidopsis thaliana T-DNA Insertion Lines (Submission 386)
1
Jennifer Barrett , Baxter, Ivan, USDA-ARS, Green, Kim, Donald Danforth Plant Science Center, Jurkowski, Melissa, Donald Danforth Plant
Science Center, Ziegler, Greg, USDA-ARS
1
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Arabidopsis thaliana is a well-studied model organism- the entire genome of which has been sequenced, although the function of those
25,000+ genes have not been fully explored. Here, we describe a protocol for screening a large selection of Arabidopsis thaliana T-DNA
insertion lines, with the intent to find genes related to elemental uptake. Approximately 32,500 SALK Insertion lines were obtained from
the ABRC Stock Center. Over the course of 5 years, the lines will be planted at a sample size of n=1, grown up for 5 weeks, leaf tissue
harvested, and then run through an ICP-MS. The resulting ionomic data will be scanned for striking elemental differences between the
samples and the controls. Lines with significant phenotypic differences will be replanted at n=6. Preliminary tests of the method have
resulted in further optimization of the protocol.
Keywords: ICP-MS; ionomics; T-DNA
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Plant Defense and Biotic interactions:
Abstract #234. A phenotype and genotype study in Arabidopsis thaliana in response to Turnip mosaic virus in a natural environment.
Are metabolic traits markers of the plant response to viral infection? (Submission 42)
1
Bernadette Rubio , Cosson, Patrick, UMR1332 BFP - INRA Université de Bordeaux, Caballero, Mélodie, UMR1332 BFP - INRA Université de
Bordeaux, Revers, Frédéric, UMR BIOGECO - INRA Université de Bordeaux, Gibon, Yves, UMR1332 BFP - INRA Université de Bordeaux,
Roux, Fabrice, LIPM - CNRS INRA, Schurdi-Levraud, Valérie, UMR1332 BFP - INRA Université de Bordeaux
1
INRA, France
Plant response to viruses is often described through a limited number of disease traits. Most of the experiments are conducted in
controlled conditions using model pathosystems. In order to decipher the genetic basis for natural resistance/susceptibility to viruses, it is
now necessary to experiment natural pathosystems in a natural environment with a wide phenotyping. In this study, the genetic basis of
plant/virus interactions was analyzed using the natural pathosystem Arabidopsis thaliana and Turnip mosaic virus (TuMV). Among the
genus Potyvirus, TuMV is probably the most widespread and damaging virus of the family Brassicaceae. To be as close as possible to
natural conditions, three years of common garden experiments were lead with worldwide and French A.thaliana accessions. Viral charge
and traits related to disease were used in a genome wide mapping analysis. A broad phenotyping was realized through the analysis of
twelve primary metabolic profiles. Therefore, the present project aims at (1) integrating disease and metabolomics traits to identify the
genetic basis of response to virus infection in a natural environment (2) analyzing if primary metabolites could be diagnostic markers or
predictors of resistance/susceptibility in A.thaliana/TuMV interaction. Genome wide mapping using disease traits allowed us to identify
some genetic determinants involved in A.thaliana response to TuMV infection in our common garden experiments. Some mapped loci
were previously known to be involved in plant/Potyvirus interactions but we also highlighted de novo candidate loci. Some were common
between the different experiments and some were year dependent. Metabolic phenotyping shows significant differences in primary
metabolic content between resistant and susceptible genotypes with a global increase in susceptible ones. First results on OPLSdiscriminant analysis suggest that primary metabolic traits could be used to diagnose the response of A.thaliana to TuMV infection.
Abstract #235. The EDR1 Protein Kinase Inhibits EDS1 and PAD4 Signaling (Submission 47)
1
Matthew Neubauer , Irene Serrano, Roger Innes
1
Indiana University, United States
The plant hormone salicylic acid has been demonstrated to play an integral role in biotic stress responses. However, we lack a full
understanding of how salicylic acid signaling is regulated. EDS1 and PAD4 are two major regulators of salicylic acid signaling. Together,
they are responsible for positively regulating the production of salicylic acid in response to pathogen infection. An essential aspect of
EDS1 and PAD4 signaling is the formation of an EDS1/PAD4 complex. The formation of this complex is associated with transcriptional
changes that occur during infection. Prior work in our lab has uncovered a role for the EDR1 protein kinase in the regulation of defense
signaling. Genetic evidence suggests that, unlike EDS1 and PAD4, EDR1 is a negative regulator of salicylic acid and plant defense signaling.
However, there is a lack of molecular evidence demonstrating the role of EDR1 in regulating plant stress responses. Recent work in our
lab has demonstrated that EDR1 may function as a negative regulator of EDS1 and PAD4. We have identified and characterized a unique
gain-of-function mutation in PAD4 (pad4S135F). pad4S135F was found to enhance a subset of edr1 phenotypes, indicating that some
edr1 phenotypes may result from misregulation of PAD4. This prompted us to investigate whether EDR1 may play a direct role in PAD4
signaling. I have found that EDR1 is capable of interacting directly with both PAD4 and EDS1. Furthermore, my results indicate that EDR1
is capable of inhibiting the formation of the EDS1/PAD4 complex. These findings demonstrate that EDR1 is a negative regulator of
EDS1/PAD4 signaling, and provide molecular evidence to explain the role of EDR1 in defense signaling.
Keywords: Defense signaling; defense hormones; cell biology; cell death pathways
Abstract #236. Diverse mechanisms of resistance to Pseudomonas syringae in a thousand natural accessions of Arabidopsis thaliana
(Submission 48)
1
Andre Velasquez , Oney, Matthew, MSU-DOE Plant Research Laboratory, Huot, Bethany, MSU-DOE Plant Research Laboratory, and Cell
and Molecular Biology Program, Michigan State University, Xu, Shu, MSU-DOE Plant Research Laboratory, and Institute of Botany, Jiangsu
Province and Chinese Academy of Sciences, He, Sheng Yang, MSU-DOE Plant Research Laboratory, Department of Plant Biology, Michigan
State University, Plant Resilience Institute, Michigan State University, and Howard Hughes Medical Institute, Gordon and Betty Moore
Foundation
1
Michigan State University, United States
Plants are continuously threatened by pathogen attack, and as such, they have evolved mechanisms to evade, escape, and defend
themselves against pathogens. However, it is not known what types of defense mechanisms a plant would already possess to defend
against a potential pathogen that has not co-evolved with the plant. We addressed this important question in a comprehensive manner
by studying the responses of 1,041 accessions of Arabidopsis thaliana to the foliar pathogen Pseudomonas syringae pv. tomato (Pst)
DC3000. Fourteen accessions showed resistance to infection by Pst DC3000. Of these, two accessions had a surface-based mechanism of
resistance, six accessions showed a hypersensitive-like response associated with effector-triggered immunity, while three had elevated
salicylic acid levels. Interestingly, A. thaliana was discovered to have a recognition system for the effector AvrPto, and HopAM1 was found
to modulate Pst DC3000 resistance in two accessions. Our comprehensive study highlights the diverse mechanisms of resistance already
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in place in individuals of a population even before exposure to a particular pathogen strain occurs and, like in tomato, AvrPto recognition
appears to play a prominent role in mediating effector-triggered immunity in A. thaliana against Pst DC3000.
Keywords: Arabidopsis thaliana; Pseudomonas syringae pv. tomato DC3000; resistance mechanisms; plant immunity; AvrPto.
Abstract #237. An RNA binding protein altered in phosphorylation state in response to Plant Elicitor Peptides is a negative regulator of
plant innate immunity (Submission 49)
1
Keini Dressano , Weckwerth, Philipp, UCSD, Shen, Zhouxin, UCSD, Briggs, Steven, UCSD, Huffaker, Alisa, UCSD
1
UCSD, United States
An RNA binding protein altered in phosphorylation state in response to Plant Elicitor Peptides is a negative regulator of plant innate
immunity Plants can perceive molecules from foreign organisms to detect attack, and produce endogenous peptide elicitors to amplify
the immune response. The Plant Elicitor Peptides (Peps) were first discovered in Arabidopsis and regulate defense against pathogens.
Orthologous PROPEP genes have been discovered in over 100 plant species and all major crops. In maize and other plants, Peps also
regulate anti-herbivore defense responses. The identification of Pep signaling pathway components will contribute to our understanding
of how Peps mediate resistance responses to pathogens and herbivores, enabling the development of strategies to improve plant
immunity. To identify Pep signaling components, the profiling of rapid changes in the phosphoproteome was investigated in suspension
cells of Arabidopsis and maize treated with AtPep1 and ZmPep3, respectively. One of the proteins altered in phosphorylation state in
both plant species was an RNA recognition motif (RRM)-containing protein. Our results showed that Arabidopsis mutants containing TDNA insertions in the gene encoding RRM-containing protein are hypersensitive to AtPep1 and more resistant to pathogens, indicating
the potential activity of RRM as a negative regulator of Pep-induced responses. We are characterizing the molecular mechanisms by
which this RRM-containing protein affects Pep signaling and immunity through studies of early signaling responses, transcriptional
profiling and immunopurification of ribonucleoprotein complexes to detect the RNA targets.
Keywords: Plant elicitor peptide; plant innate immunity; phosphoproteomic analysis; RNA recognition motif (RRM)-containing protein;
negative regulator.
Abstract #238. Structure - function analysis of Arabidopsis EDS1 immune signalling complexes (Submission 65)
1
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1
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Activation of plant innate immune responses by intracellular receptors involves dynamic changes in the subcellular localisations,
assemblies and activities of signalling complexes. A. thaliana nucleocytoplasmic protein EDS1, with its signalling partners PAD4 and
SAG101, coordinates basal and receptor-triggered defence reprogramming. EDS1, PAD4 and SAG101 exist in all seed plants and form a
plant-specific family with a catalytically inactive N-terminal lipase-like domain and a unique C-terminal ‘EP’ domain. Functional analysis of
the crystal structure of EDS1-SAG101 heterodimer and a derived EDS1-PAD4 model showed that EDS1 heterodimers with each partner
are essential for resistance signalling. EDS1 heterodimerization creates a cavity lined with conserved residues in the EP domain.
Structure-guided analysis revealed a conserved Arginine (R493) in EDS1, which when mutated to Alanine (R493A) delays immune
signalling without altering nucleocytoplasmic localization and interaction with its partners. We find that increased disease susceptibility
of R493A in effector-triggered immunity (ETI) to bacterial strains is due to a failure to counteract virulence activity of the phytotoxin
coronatine (COR). COR does not affect delayed SA accumulation of R493A, although it suppresses SA accumulation in wild-type plants.
Further R493 mutations, coupled with RNA-seq analysis, show that a positively charged residue at R493 (R493K) is vital for EDS1
immunity and correlates with an ability of EDS1 to bind to nucleic acid in situ. A negatively charged R493E variant is susceptible
irrespective of bacterial COR status, suggesting that R493A represents a weak loss of function variant of EDS1. Our structural analysis of
EDS1 reveals two intertwined functions of EP domain R493-(i) to antagonize COR-mediated virulence and (ii) to orchestrate timely
immunity reprogramming. It also provides tools to probe the molecular function and interactions of this pivotal immune regulatory node.
Keywords: Effector triggered immunity; EDS1; Structure-function; NLR; Salicylic acid; Coronatine
Abstract #239. Pathogen Infection and MORC proteins Affect Chromatin Accessibility of Transposable Elements and Expression of Their
Proximal Genes in Arabidopsis (Submission 66)
1
Yogendra Bordiya , Yi Zheng, Ji-Chul Nam, April C Bonnard, Hyong Woo Choi, Bum Kyu Lee, Jonghwan Kim, Daniel F Klessig, Zhangjun Fei,
Hong Gu Kang
1
Texas State University, United States
To assess MORC1’s role in epigenetics in relation to plant immunity, genome-wide chromatin accessibility was compared between mockor Pseudomonas syringae pv. tomato (Pst)-inoculated wild type (WT) Arabidopsis and/or the morc1/2 double mutant. Most changes in
chromatin accessibility, scored by DNase I hypersensitive sites (DHSs), were located in the promoters of genes and transposable elements
(TEs). Comparisons between morc1/2 and WT receiving the same treatment revealed differential DHSs (dDHSs) predominantly associated
with heterochromatic TEs. By contrast, comparisons between mock- and Pst-inoculated plants from the same genotype showed dDHSs
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associated with biotic/abiotic stress-related genes; a smaller but significant population was in TEs. Interestingly, many defense genes,
including PR-1, PR-2 and PR-5, were proximal to Pst-induced, TE-associated dDHSs. A random subset of these defense genes showed
moderately delayed/reduced expression in Pst-infected morc1/2 as compared with WT. MORC1 was physically bound to chromatin in a
Pst infection-responsive manner at sites dispersed throughout the genome. Notably, silencing of TE-associated dDHSs proximal to these
infection-induced, MORC1-interacting sites led to significant suppression of Pst-induced transcription of adjacent defense genes,
including PR-1. These results provide evidence that MORC1 is associated with TEs and suggest that a subset of these TEs may help
regulate their proximal defense genes.
Keywords: Plant defense kinetics, Transposable elements
Abstract #240. Role of a WRKY Transcription Factor in Arabidopsis thaliana Interaction with the Green Peach Aphid, Myzus persicae
(Submission 70)
1
Monika Patel , Dr. Sujon Sarowar, Dr. Jyoti Shah
1
University of North Texas, United States
Insect infestation limits agricultural productivity. Insects that feed on plants can be broadly classified as chewing insects and those that
use stylets, which are specialized piercing mouthparts, to consume cell, xylem or phloem content. Aphids are a large group of phloem
sap-consuming insects that limit plant productivity due to removal of phloem sap. In addition, some aphids vector viral diseases. The
green peach aphid (GPA; Myzus persicae) is an important pest of more than fifty plant families that include important agricultural and
horticultural crops, and fruit trees. Furthermore, GPA vectors more than 100 viral diseases. The interaction of GPA with the crucifer
Arabidopsis thaliana has been utilized to identify plant genes and mechanisms that contribute to defense and susceptibility to the GPA.
We have identified an Arabidopsis WRKY gene that is expressed at elevated levels in GPA-infested leaves compared to control, uninfested
leaves. Plants containing a T-DNA insertion within this WRKY gene exhibited enhanced resistance to GPA. GPA population size was higher
on wild-type compared to mutant plants. Although the weight of insects feeding on wild type and the wrky mutant plants was
comparable, GPA fecundity was significantly lower on the wrky mutant compared to wild type plants. Further, when provided a choice,
insects preferred the wild-type over the wrky mutant plant. Expression of this WRKY gene is upregulated in the vasculature of GPAinfested plants thus suggesting that the GPA targets expression of this gene to facilitate infestation. Efforts are underway to characterize
the molecular function of this WRKY gene and the mechanism underlying its role in facilitating GPA infestation on Arabidopsis.
Keywords: Plant Defense ; Green Peach Aphid ; No Choice Bioassay ; Transgenics
Abstract #241. Genetic Dissection of Arabidopsis MAP Kinase Phosphatase 1 (AtMKP1)-dependent PAMP-induced transcriptional
responses (Submission 78)
1
Lingyan Jiang , Wan, Ying, University of Kansas, Anderson, Jeffrey, Oregon State University, Hou, Jie, University of Missouri-Columbia,
Islam, Soliman, University of Missouri-Columbia, Cheng, Jianlin, University of Missouri-Columbia, Peck, Scott, University of MissouriColumbia
1
University of Missouri-Columba, United States
Plant immunity to pathogens can be initiated by extracellular detection of pathogen-associated molecular patterns (PAMPs) through
surface-localized pattern recognition receptors (PRRs). Detection of PAMPs by PRRs induces many intra- and extracellular responses
including the activation of mitogen-activated protein kinases (MAPK) that ultimately limit bacterial growth. MAP kinase phosphatases
(MKPs) are important negative regulators of defense-associated MAPKs in plants. Previous work identified Arabidopsis MAP kinase
Phosphatase 1 (MKP1) as a negative regulator of signaling pathways required for some, but not all, of PAMP-initiated responses.
Specifically, loss of MAPK MPK6 in an mkp1 background significantly suppressed a subset of the mkp1-dependent biological phenotypes,
indicating the requirement for MPK6 in MKP1-dependent signaling. To further genetically separate the outputs of PAMP-responsive
signaling pathways, we performed a transcriptome analysis in Arabidopsis wild-type, mkp1 and mkp1 mpk6 seedlings treated with the
bacteria-derived PAMP elf26 and harvested tissue at 0, 30, and 90 min post-elicitation. Using differential genetic and temporal clustering
analyses between and within genotypes, we have identified and separated 6963 elf26-responsive transcripts based on both genetic
requirements of MKP1 (with or without a requirement for MPK6) as well as temporal transcriptional accumulation patterns. A novel set
of gene markers for MKP1- and MKP1/MPK6-dependent and –independent pathways was further validated by qRT-PCR over a more
extended time course, and this fine-scale analysis revealed additional temporal separation of accumulation patterns. Taken together, our
transcriptome analysis provides novel information for delineating PAMP signaling pathways.
Keywords: mitogen-activated protein kinase; MKP1; pathogen-associated molecular pattern (PAMP); phosphatase; transcriptome
analysis
Abstract #242. RKS1, an atypical kinase involved in quantitative disease resistance against Xanthomonas campestris (Submission 84)
1
Ullrich Dubiella , Huard-Chauveau, Carine, CNRS-LIPM, Delplace, Florent , CNRS-LIPM, Roux, Fabrice, CNRS-LIPM, Roby, Dominique, CNRSLIPM
1
CNRS-LIPM, France
In contrast to effector triggered immunity (ETI) which depends only on the presence/absence of one pathogen derived effector and one
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plant derived resistance-protein, and which confers nearly 100% resistance against the pathogen, quantitative disease resistance (QDR)
depends on the interplay of multiple quantitative trait loci (QTLs) with partial effects on plant immunity. In contrast to ETI, QDR is
considered a more durable type of resistance which is harder to break by pathogens (French et al., 2016). Therefore, the identification of
genes underlying QDR variation might have enormous practical implications to increase crop yield and quality. However, there is still very
limited information about the molecular mechanisms controlling variation in quantitative disease resistance. One of the most important
disease of crucifers (including Cabbage, Broccoli and Rapeseed), is the black rot, caused by the bacterial plant pathogen Xanthomonas
campestris pv. campestris (Xcc). By adopting genome wide associating (GWA) mapping approach, we were able to identify Resistance
related KinaSe 1 (RKS1) as the responsible gene underlying a major QTL conferring approx. 50% resistance in Arabidopsis thaliana against
Xcc568 (Huard-Chauveau et al., 2013). Our study aims to identify direct and indirect RKS1-dependent signalling pathways involved in
QDR. We used two complementary approaches: (i) comparative transcriptome analysis of mis-expressing RKS1 lines, and (ii)
identification of proteins interacting with RKS1 by Yeast-two-Hybrid assays. Results on several putative direct or indirect targets of RKS1
will be presented. French, E., Kim, B.S. and Iyer-Pascuzzi, A.S. (2016) Mechanisms of quantitative disease resistance in plants. Semin. Cell
Dev. Biol., 56, 201–208. Huard-Chauveau, C., Perchepied, L., Debieu, M., Rivas, S., Kroj, T., Kars, I., Bergelson, J., Roux, F. and Roby, D.
(2013) An Atypical Kinase under Balancing Selection Confers Broad-Spectrum Disease Resistance in Arabidopsis. PLoS Genet., 9.
Keywords: QDR; atypical kinase; Xanthomonas
Abstract #243. Extracellular vesicles isolated from the apoplast of Arabidopsis leaves carry stress-response proteins and microRNAs
(Submission 86)
1
Brian Rutter , Innes, Roger W., Indiana University
1
Indiana University, United States
Extracellular vesicles (EVs) mediate the long-distance transport of proteins and RNA. Mammalian EVs play a key role in intercellular
signaling and can modulate several immune responses. Plants also secrete EVs, particularly in response to pathogens, but the content
and function of these vesicles remains unknown. In order to better understand the role of plant EVs in immunity and signaling, we
developed a method for purifying EVs from the apoplastic wash of Arabidopsis thaliana leaves. Proteomic analysis revealed that
Arabidopsis EVs are enriched for proteins involved in stress and defense, including the syntaxin PEN1 and the ABC transporter PEN3.
Consistent with these findings, EV secretion was enhanced in response to infection with Pseudomonas syringae or treatment with
salicylic acid. We also detected microRNAs associated with the EVs, most notably miR159 and miR166, which are both secreted by cotton
plants during fungal infection. To our knowledge, we are the first to successfully isolate EVs from leaves. Our findings suggest that plant
EVs may represent an important component of the plant immune response.
Keywords: extracellular vesicles; exosomes; vesicles; PEN1; PEN3
Abstract #244. Can plants sense mechanical stimuli and activate mechanically triggered immunity? (Submission 89)
1
debarati basu , Kira Veley, Eric Schultz, Elizabeth Haswell
1
Washington University in St. Louis, United States
While much is known about the perception of molecular elicitors, the role mechanical stimuli play in plant defense is still unclear. Ten
homologs of the well-characterized bacterial mechanosensitive (MS) channel of small conductance (MscS) have been identified in
Arabidopsis and are named MscS-Like (MSL)1-10. Our previous studies have shown that MSL10, a confirmed stretch-activated ion
channel, acts a modular channel with two separate outputs, i) release of osmolytes ii) promotion of cell death. The soluble N-terminal
domain is sufficient to induce cell death and is negatively regulated by phosphorylation. I aim to use the regulation and function of MSL10
as a model system in which to investigate whether plants can sense mechanical stimuli exerted by pathogens. Also, I will determine if
MSL10 can trigger signaling events culminating in the activation of known plant defense mechanisms. Several independent lines of
preliminary evidence support a role for MSL10 in defense response: 1) MSL10-mediated cell death requires SGT1, RAR1 and HSP90,
essential components of plant innate immunity; 2) In MSL10-overexpressing Arabidopsis, the cell death phenotype is suppressed by
growth at high temperatures; 3) RNA-seq analysis revealed that MSL10-overexpressing plants resemble plants with constitutive pathogen
response; 4) MSL10 directly interacts with several stress-responsive kinases in a phosphorylation state-specific manner; 5) Constitutive
overexpression of MSL10 or a phosphodead version of genomic MSL10 promotes resistance to virulent strain of Pseudomonas syringae.
Results obtained from this study will shed light on the modular architecture and functional diversity of MSL channels in plants. In the
future, it is possible that genetic tools can be devised to boost plant immunity, utilizing ‘patho-sensors’ like MSL10 in crop plants.
Keywords: Mechanosensitive ion channel, Arabidopsis, plant defense, Pseudomonas syringae
Abstract #245. A Plant Immune Receptor Detects Pathogen Effectors that Target WRKY Transcription Factors (Submission 90)
1
Zane Duxbury , Ma, Yan, The Sainsbury Laboratory, Huh, Sung Un, The Sainsbury Laboratory, Sarris, Panagiotis F, The Sainsbury
Laboratory, Segonzac, Cecile, The Sainsbury Laboratory, Sklenar, Jan, The Sainsbury Laboratory, Derbyshire, Paul, The Sainsbury
Laboratory, Menke, Frank L H, The Sainsbury Laboratory, Sohn, Kee Hoon, The Sainsbury Laboratory, Jones, Jonathan D G, The Sainsbury
Laboratory

83

1

The Sainsbury Laboratory, United Kingdom
Nucleotide-binding domain and Leucine-rich Repeat-containing (NLR) proteins are the major class of intracellular receptors that confer
resistance to pathogens in plants. The ability of NLRs to recognise and respond to pathogen-secreted virulence molecules (“effectors”) is
dependent on the formation of protein complexes. There is relatively little known about the molecular mechanisms that transduce the
immune signal from an active NLR to the nucleus to initiate the transcriptional reprogramming required for an effective immune
response. The NLR RRS1 contains a WRKY DNA-binding domain and has been hypothesised to directly reprogram the transcriptional
machinery during an immune response. Our lab and others have demonstrated that this WRKY DNA-binding domain is acting as bait for
pathogen effectors and may not be responsible for direct transcriptional regulation. RRS1 requires both intramolecular and
intermolecular interactions to establish an immune signal in cooperation with a partner NLR, called RPS4. In order to fully characterise
immune signalling in plants, we are undertaking proteomic and biochemical analyses of immune receptor activation. I will discuss interand intra-molecular interactions required for signalling-competent RRS1 and RPS4 complexes. Understanding NLR receptor complexes
will provide insight into positive and negative regulation of immune responses and allow us to more effectively engineer disease
immunity into disease-susceptible plants.
Keywords: Immune receptors; mechanisms of intracellular signalling.
Abstract #246. Regulation of expression of plant immune receptor gene SNC1 in Arabidopsis (Submission 91)
1
Leiyun Yang , Jian Hua, Cornell University
1
Cornell University, United States
Plants have evolved elaborate innate immunity system against microbial pathogens. Intracellular plant immune receptor NB-LRR genes
are tightly regulated for balancing immunity and growth. Recent evidence indicates that the expression of SNC1, a NB-LRR gene, is
regulated by histone modifications such as H2Bub1 and H3K4me3. MOS1 (MODIFIER of SNC1) is also implicated in SNC1 regulation at the
chromatin level, and it is required for the upregulation of SNC1 in the autoimmune mutant bon1. To further reveal the regulatory
mechanism of SNC1, I isolated suppressor mutants of bon1mos1 named smo based on the autoimmune dwarf phenotype. SNC1 gene
expression is indeed increased in bon1mos1smo compared to bon1mos1, indicating these SMOs play a role in regulating SNC1 gene
expression. Using ‘Mapping by Sequencing’, I have isolated candidates for several SMO genes. Among them, half are involved in histone
modification and chromatin remodeling, suggesting an extensive regulation of SNC1 at the epigenetic level. These epigenetic changes will
be investigated at the SNC1 locus in various mutant combinations of bon1, mos1, and smo. Knowledge gained from this study could shed
light on the controlled expression of plant immune receptor genes in plant immunity.
Keywords: plant immunity; R gene; transcriptional regulation; histone modifications
Abstract #247. Direct and indirect Epigenetic Regulation on plant NLRs expression through a chromatin remodeling protein
(Submission 95)
1
Chien Yu Huang , Diana Sanchez Rangel, Xiaobo Qin, Hailing Jin
1
UCR Plant Pathology and Microbiology, United States
Intracellular Nod-like receptors (NLRs) regulate innate immune responses against pathogen infection in both plants and animals. In
plants, NLR-mediated recognition of pathogen effectors induces effector-triggered immunity. Expression of NLRs are tightly regulated to
avoid autoimmune responses or diseases. NLR genes are regulated by miRNAs and siRNAs at the post-transcription level, whether they
are also regulated epigenetically at the chromatin level is still largely unknown. Here, we report that an SWIB domain containing
chromatin remodeling complex subunit suppresses expression of NLRs either directly by binding to their promoters, or indirectly by
binding to the promoter of CDC5 gene, which regulates alternative splicing of NLRs. Upon infection, two small RNAs are induced to
silence the SWIB gene, which leads to the activation of NLRs for plant defenses. A panel of NLRs genes was suppressed in SWIB
overexpression lines, and was induced in the SWIB mutant. Moreover, SWIB protein functions via potentiating the suppression effect of
histone marker H3K9me2.
Keywords: NLRs; small RNA; autoimmune responses; epigenetic regulation; chromatin remodeling
Abstract #248. A Lipid-Associated Protein MOR1 is a Novel Temperature-dependent Regulator of Plant Immune Responses (Submission
103)
1
Jiapei Yan , Zhan Li, Shu Wang, Jian Hua
1
Cornell University, United States
Temperature is one of the most critical environmental factors that has great impact on plant growth, development, as well as defense
responses. Although multiple evidences have shown the modulation role of temperature on plant immunity, however, the underlying
molecular mechanism is still largely unknown and needs further investigation. Natural variants of A. thaliana that adapt to local
environment are suitable resources for dissecting the molecular components involved in thermo-sensitivity of defense response. Here we
performed GWAS analysis of a hundred Arabidopsis natural accessions and identified a novel gene, MOR1, mutants of which exhibited
enhanced susceptibility to virulent Pseudomonas syringae pv. tomato DC3000 (Pst DC3000) and avirulent pathogen with AvrRPM1, but
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not the non-virulent DC3000 ΔhrcU at 16°C than at 22°C. The transcript abundance of MOR1 was upregulated significantly upon pathogen
infection, and the expression level of SNC1, RPP4 and PR1 were impaired in mor1 mutants. These results suggest that MOR1 is involved in
the R gene-mediated defense in a temperature-dependent manner. Subcellular localization assay revealed MOR1 and its homolog MOR2
reside in lipid bodies. The lipid accumulation in mor1 mutants was dramatically reduced at both 16 and 22°C which can be complemented
by the native genomic fragment of MOR1. Yeast-two-hybrid screen identified two putative interactors of MOR1: a cysteine
palmitoyltransferase and a transmembrane magnesium transporter. Interestingly, magnesium transporter showed dual localization at
plasma membrane and cytosolic organelles at 16°C. These results uncovered a new fundamental aspect of the integration between lipid
metabolism, thermo-sensitivity and immunity. The characterization of mor2 and mor1 mor2 mutants, the interaction between MOR
proteins and the putative interactors, and how they coordinate lipid metabolism and temperature-dependent defense will be discussed.
Keywords: immunity; temperature; lipid body
Abstract #249. Stomatal immunity is cell autonomous and uncoupled from guard cell ABA signalling (Submission 104)
1
Janina Tamborski , Michaela Kopischke, Silke Robatzek
1
The Sainsbury Laboratory, United Kingdom
Stomata are formed by a pair of guard cells that actively control the size of the pore aperture. By dynamically increasing or decreasing
their volume, these cells act as gateways to the leaf interior for bacterial pathogens. Recognition of invading pathogens by plasma
membrane-localized immune receptors i.e. FLAGELLIN SENSING 2 (FLS2) and EF-Tu RECEPTOR (EFR) induces the closure of stomata. Yet, it
remains controversial to what extent immune signalling in guard cells converges with guard cell signalling cues for ABA-induced stomatal
closure. To address this, we first examined the stomatal closure in response to bacterial flagellin (flg22) in a number of ABA biosynthesis
mutants. We found that all mutants exhibited wild type-like flg22-induced stomatal closure showing that stomatal immunity is
independent of ABA biosynthesis. We next focussed on the three closely related SnRK kinases, of which OST1 (SnRK2.6) is required for
ABA-induced stomatal closure. Analysis of single knock-out mutants revealed that flg22-induced stomatal closure required SnRK2.3 but
not OST1. These data suggest that flg22-induced stomatal closure is uncoupled from ABA guard cell signalling. We then investigated
whether stomatal immunity occurs in a cell-autonomous manner as known for ABA. Using virus-induced gene silencing and guard cellspecific promoters to restrict FLS2 signalling to guard cells we observed closure of stomata upon flg22 stimulation. Thus, flg22-induced
stomatal closure is cell-autonomous. In a complementary approach, we excluded the expression of the reactive oxygen species (ROS)
producing NADPH oxidase and EFR from guard cells. Interestingly, these stomata closed normally in response to bacterial EF-Tu
suggesting signalling events from the surrounding ROS-producing and EFR-expressing cells. Taken together, our data suggest that
stomatal immunity is uncoupled from ABA guard cell signalling and can be induced by cell-to-cell signals, but also occurs in cellautonomous manner.
Keywords: Stomatal Immunity; Pathogen Defence; Guard cell autonomy; Guard cell signalling;
Abstract #250. A Systems Biology-aided Investigation of Pathogen-mediated Manipulation of Sugar Metabolism in Arabidopsis
(Submission 105)
1
Yali Sun , Mukhtar, Shahid, UAB
1
University of Alabama at Birmingham, United States
The plant–microbe pathosystem constitutes a very complex biological network in which the molecular players from both the pathogen
and the host engage in a battle for dominance. To initiate infection, phytopathogenic bacteria enter plant tissue through natural openings
including stomata and reside in the extracellular space known as the apoplast . Plants detect molecular components of the invading
pathogens, rewire the flow of biological information, and often respond with effective immune responses such as microbial-associated
molecular patterns (MAMPs)- or Effector-Triggered Immunity (MTI and ETI, respectively). Stimulation of these defenses involves dynamic
temporal transcriptional reprogramming, as well as complex signal transduction networks incorporating feedback and cross-talk
controlled by largely unknown mechanisms. Meanwhile, specialized pathogens have evolved suites of effectors that modulate host cell
physiology and support parasitism by inducing effector-triggered susceptibility (ETS). Effectors are deployed to breach host immunity and
manipulate host cell metabolism to acquire nutrients. Gaining access to host nutrients is essential for pathogen growth and reproduction
and is of primary importance as a virulence strategy.
Keywords: Sugar transporters; transcriptional regulations;
Abstract #251. Dual impact of elevated temperature on plant defense and bacterial virulence in Arabidopsis (Submission 107)
1
Bethany Huot , Castroverde, Christian Danve M., MSU, Youssef Belkhadir, André C., MSU, Montgomery, Beronda L., MSU, He, Sheng
Yang, MSU
1
Michigan State University, United States
Climate conditions have profound effects on plant disease development; however, the underlying molecular bases are not well
understood. We used the Arabidopsis-Pseudomonas syringae pv. tomato DC3000 (Pst DC3000) model pathosystem to investigate
whether enhanced disease at elevated temperature (30°C) is due to compromised host resistance, enhanced pathogen virulence or both.
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We found enhanced disease following Pst DC3000 infiltration at 30°C to be correlated with loss of salicylic acid (SA) biosynthesis and
signaling. In our system, enhanced disease was independent of PHYTOCHROME INTERACTING FACTORS (PIFs) and persisted in
temperature-stable Phytochrome B (PhyB) plants, indicating that the PhyB/PIF thermo-sensing pathway is not involved in immune
suppression at elevated temperature. Instead, we found that bacterial translocation of virulence proteins into plant cells was more
effective at 30°C than at 23°C. This increase also occurred in mutant Arabidopsis plants defective in SA biosynthesis, pointing to a direct
positive effect of elevated temperature on the function of a central bacterial virulence mechanism. However, bacterial growth in SA
deficient plants was equivalent at both 23°C and 30°C, indicating loss of SA is primarily responsible for enhanced disease at 30°C. Global
transcriptome analysis identified a direct negative effect of temperature on SA signaling, impacting approximately 70% of genes
regulated by the SA synthetic analog, benzothiadiazole (BTH). This major temperature-sensitive node included ISOCHORISMATE
SYNTHASE 1 (ICS1) and the canonical SA marker gene, PATHOGENESIS RELATED 1 (PR1). Remarkably, BTH can effectively protect
Arabidopsis against Pst DC3000 infection at elevated temperature despite the lack of ICS1 and PR1 induction. Our results highlight the
broad impact of a major climate condition on the enigmatic molecular interplay between temperature, SA defense, and function of a
central bacterial virulence system.
Keywords: salicylic acid, environment, elevated temperature, pathogen virulence, plant-pathogen interactions
Abstract #252. Plasmodesmata at the Intersection of Bacterial Pathogenesis and Plant Immunity (Submission 119)
1
Kyaw Aung
1
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Arabidopsis has been widely used as a model plant to uncover basic principles underlying plant-microbe interactions. Although intensive
studies during the past two decades have yielded insight into the plant-pathogen arms races at the molecular and cellular levels, it
remains unknown whether such battles also occur in host cells that are adjacent to the infected cells and, if they do, which pathogen and
host molecules are involved. Recent studies have demonstrated that plants close plasmodesmata (PD), which are membrane-lined
channels involved in cell-to-cell communications, as part of the defense response against bacterial infection. This study further explores
the Arabidopsis-Pseudomonas syringae pv. tomato (Pst) DC3000 pathosystem to investigate PD at the host-microbe interfaces. Pst
DC3000 injects 36 virulence “effector” proteins, through the bacterial type III secretion system, into host cells to suppress plant
immunity. Using live cell imaging, we discovered that Pst DC3000 effector protein HopO1-1 is targeted to PD in Arabidopsis. Expression of
HopO1-1 in Arabidopsis leads to an increase in PD-dependent molecular flux between plant cells. HopO1-1 is physically associated with
Arabidopsis PD-located proteins (PDLP5 and PDLP7); both PDLPs are involved in plant immunity against bacterial infection. In addition,
HopO1-1 destabilizes PDLP5 and PDLP7 proteins in Arabidopsis. Consistent with its putative ADP-ribosyltransferase activity, we showed
that HopO1-1 is an active enzyme. Moreover, deletion of hopO1-1 from Pst DC3000 genome leads to a significant defect in bacterial
proliferation upon infection and greatly reduces distal spreading when the bacteria are inoculated locally. The finding raises the exciting
possibility that bacterial pathogens deliver effectors such as HopO1-1 to modulate host PD to facilitate initial infection and distal
spreading of bacteria.
Keywords: plasmodesmata; host-microbe interactions
Abstract #253. A Chloroplast/Peroxisome-localized Lipase-like Protein Regulates Arabidopsis Immune Gene Expression and Defense
Responses (Submission 120)
1
Chenglong Liu , Tao, Kai, Oregon State University., Cui, Fuhao, Texas A&M University., Fei, Zhangjun, Cornell University., Tyler, Brett,
Oregon State University., He, Ping, Texas A&M University., Shan, Libo, Texas A&M University.
1
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Perception of pathogen-associated molecular patterns (PAMPs) by pattern recognition receptors (PRRs) elicits PAMP-triggered immunity
(PTI) and contributes to plant resistance to pathogen infection. To understand the mechanisms underlying PTI responses, we have
performed a genetic screen for the Arabidopsis genes governing immune gene expression (aggie) using transgenic plants carrying a
luciferase reporter under the control of the promoter of a PTI marker gene FRK1(pFRK1::LUC). The dominant mutant aggie5 showed the
reduced expression of pFRK1::LUC reporter and endogenous PTI marker genes in response to the treatments by multiple PAMPs. The
activation of MAP kinase cascades constitutes a convergent step downstream of multiple PRR signaling. However, PAMP-induced MAPK
activation remained unaltered in aggie5. In addition, PAMP-induced reactive oxygen species (ROS) production was reduced in aggie5.
Further, the aggie5 mutant showed increased susceptibility against a virulent bacterial pathogen Pseudomonas syringae. Map-based
cloning coupled with bulk population sequencing revealed that aggie5 carries a mutation in a putative lipase gene (LIP), which encodes a
membrane protein associated with both chloroplasts and peroxisomes. Overexpression of the mutant form of LIP (LIPaggie5) in wild-type
plants reduced multiple PTI responses, mimicking the aggie5 mutant. Two knockout alleles lip-1 and lip-2 also showed compromised PTI
marker gene induction and partially lost flg22-triggered resistance. Preliminary analysis on the transcription reprogramming,
metabolomic profiling and integration with the PTI signaling network suggest that LIP positively regulates PTI responses in Arabidopsis
likely via orchestration of the lipid signaling.
Keywords: PTI; Defense; Forward Genetics; Chloroplasts and Peroxisomes
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Abstract #254. Leaf shedding as a bacterial defense in Arabidopsis cauline leaves (Submission 121)
1
Rahul Patharkar , Walter Gassmann, John C. Walker
1
University of Missouri, United States
Plants utilize an innate immune system to protect themselves from disease. While many molecular components of plant innate immunity
resemble the innate immunity of animals, plants also have evolved a number of truly unique defense mechanisms, particularly at the
physiological level. Plant’s flexible developmental program allows them the unique ability to simply produce new organs as needed,
affording them the ability to replace damaged organs. Here we develop a system to study pathogen-triggered leaf abscission in
Arabidopsis. Cauline leaves infected with the bacterial pathogen Pseudomonas syringae abscise as part of the defense mechanism.
Pseudomonas syringae lacking a functional type III secretion system fail to elicit an abscission response, suggesting that the abscission
response is a novel form of immunity triggered by effectors. HAESA/HAESA-like 2, INFLORESCENCE DEFICIENT IN ABSCISSION, and
NEVERSHED are all required for pathogen-triggered abscission to occur. Additionally phytoalexin deficient 4, enhanced disease
susceptibility 1, salicylic acid induction deficient 2, and senescence-associated gene 101 plants with mutations in genes necessary for
bacterial defense and salicylic acid signaling, and NahG transgenic plants with low levels of salicylic acid fail to abscise cauline leaves
normally. Bacteria that physically contact abscission zones trigger a strong abscission response; however, long distance signals are also
sent from distal infected tissue to the abscission zone, alerting the abscission zone of looming danger. We propose a threshold model
regulating cauline leaf defense where minor infections are handled by limiting bacterial growth, but when an infection is deemed out of
control, cauline leaves are shed. Together with previous results our findings suggest that salicylic acid may regulate both pathogen- and
drought-triggered leaf abscission.
Keywords: leaf abscission; bacterial defense; salicylic acid; signal transduction; abscission genetics
Abstract #255. Elongator is a key regulator of plant immunity in Arabidopsis (Submission 123)
1
Zhonglin Mou , Christopher T. DeFraia, Xudong Zhang, Yongsheng Wang, Chenggang Wang
1
University of Florida, United States
Plants are constantly exposed to potential microbial pathogens and solely rely on innate immunity to battle against microbial invasion.
The efficacy of plant immunity is tightly correlated with the kinetics and magnitude of the transcriptional changes induced by the invading
pathogen. Numerous proteins have been shown to regulate plant immunity-associated transcriptional reprogramming, among which is
the multitasking protein complex named Elongator. Elongator was first purified as an interactor of hyperphosphorylated RNA polymerase
II in yeast, and was later identified in animal and plant cells. The Elongator complex is composed of two copies of each of its six subunits
(ELP1 to ELP6), with ELP1 and ELP2 serving as scaffolds for complex assembly, ELP3 being the catalytic subunit, and ELP4-ELP6 forming an
accessory complex. The Arabidopsis Elongator protein (AtELP) complex plays a vital role in plant immunity. For instance, the Atelp2
mutant is as susceptible as npr1 to Pseudomonas syringae, and is as susceptible as coi1 and ein2 to Botrytis cinerea and Alternaria
brassicicola. Additionally, Atelp mutants are hypersusceptible to the nonhost bacterial pathogens Xanthomonas citri subsp. citri and P.
syringae pv. phaseolicola NPS3121. In contrast, overexpression of AtELP3 and/or AtELP4 in Arabidopsis, tomato, and strawberry enhances
resistance to P. syringae, X. fragariae, Podosphaera aphanis, and Colletotrichum gloeosporioides. Mechanistically we have shown that
AtELP2 and AtELP3 regulate the kinetics of pathogen-induced transcriptome reprogramming. Recent in-depth investigation further
revealed that AtELP2 regulates pathogen-induced transcriptome changes likely through maintaining histone acetylation levels,
modulating the genomic DNA methylation landscape, and influencing pathogen-induced dynamic DNA methylation changes. This
presentation will discuss recent advances in understanding the critical epigenetic role of Elongator in plant immune responses.
Keywords: Arabidopsis thaliana; the Elongator complex; plant immunity; nonhost resistance; epigenetic regulation
Abstract #256. Transcriptional regulation of the plant immune transcription coactivator NPR1 (Submission 125)
1
Matthew Dommel , Yezhang Ding, Xudong Zhang, Zhonglin Mou
1
University of Florida, United States
The plant immune system is composed of different layers that work to eliminate invading pathogens before pathogen colonization has
begun. The first layer of the plant immune system is called pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI).
Once PAMPs are recognized by pathogen recognition receptors, the plant initiates PTI. Successful pathogens can deploy effector proteins
that disrupt or delay PTI signaling, enabling effector-triggered susceptibility and plant tissue colonization. Plants in turn have developed
specialized resistance proteins that can recognize, directly or indirectly, pathogen effectors. Once a pathogen’s effector has been
recognized, the plant will activate effector-triggered immunity (ETI). Local infection also triggers systemic acquired resistance (SAR)
throughout the plant, which serves to protect the plant from future infections. The immune transcription coactivator NPR1 is vital to both
local resistance and SAR. It interacts with a group of TGA transcription factors to initiate transcriptional reprogramming upon pathogen
infection or salicylic acid treatment. NPR1 is regulated heavily at both the transcriptional and post-translational level, yet how the
transcription of the NPR1 gene is regulated has not been fully understood. We found that NPR1 can autoregulates its own gene
transcription and protein accumulation through a positive-feedback mechanism. In the npr1 and tga2 tga3 tga5 tga6 mutants, both NPR1
gene induction and NPR1 protein accumulation are compromised. However, the TGA-binding sequence TGACG in the NPR1
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promoter/5’UTR is not required for NPR1 gene induction. Since it has been shown that two canonical W-boxes (WRKY-binding sites) in
the 5’UTR and WRKY6 are essential for NPR1 gene expression/induction, NPR1 may autoregulate its own gene expression through WRKY
transcription factors. These recent discoveries on the mechanisms regulating the NPR1 gene transcription will be discussed.
Keywords: systemic acquired resistance; salicylic acid; NPR1; transcription regulation; TGA factors
Abstract #257. A Coin with Two Sides: Probing Non-Pathogenic versus Pathogenic interactions using the Fusarium oxysporum Arabidopsis thaliana pathosystem (Submission 130)
1
Kathryn Vescio , Guo, Li, University of Massachusetts, Ma, Li-Jun, University of Massachusetts
1
University of Massachusetts, United States
Fusarium oxysporum (Fo) is a soil-dwelling fungal pathogen that results in vascular wilt diseases of a broad range of plants, including
agricultural crops as well as the model plant Arabidopsis thaliana1. There are also members of the F. oxysporum species complex that are
non-pathogenic, and confer various defense benefits against other pathogens to the host plant2. Through RNA-seq analysis of
Arabidopsis thaliana infected by two Fo strains Fo5176 (pathogenic) and Fo47 (nonpathogenic), we have identified shifts in plant gene
expression specific to treatment with Fo5176 and Fo47, respectively. Annotating protein-protein interaction networks highlighted an
enrichment of genes related to nutrient acquisition and assimilation, and Salicylic acid mediated defense responses in Fo47 infected A.
thaliana roots. Pathogen infected root tissue contains modules related to secondary metabolite biosynthesis, protein homeostasis, and
signaling cascades that trigger Jasmonic acid and systemic defense responses. Phenotypic characterization has also lead to defining
priming benefits that Fo47 infection confers to A. thaliana when it exposed to Fo5176 simultaneously and 4 days post inoculation with
Fo47. We propose that infection with Fo47 primes Salicylic acid defense responses, and this is a mechanism that reduces disease severity
of pathogenic F. oxysporum infection in A. thaliana.
Keywords: RNA-seq; confocal microscopy; root responses to fungi
Abstract #258. The TIR protein RBA1 functions as a novel "truncated" NLR-like immune receptor (Submission 152)
1
Marc Nishimura , Anderson, Ryan, University of North Carolina, Cherkis, Karen, University of North Carolina, Dangl, Jeff, University of
North Carolina
1
Colorado State University, United States
Detection of pathogens by plants is mediated by intracellular nucleotide-binding site leucine-rich repeat (NLR) receptor proteins. NLR
proteins are defined by their stereotypical multidomain structure: an N-terminal Toll–interleukin receptor (TIR) or coiled-coil (CC)
domain, a central nucleotide-binding (NB) domain, and a C-terminal leucine-rich repeat (LRR). The plant innate immune system contains a
limited NLR repertoire that functions to recognize all potential pathogens. We isolated Response to the bacterial type III effector protein
HopBA1 (RBA1), a gene that encodes a TIR-only protein lacking all other canonical NLR domains. RBA1 is sufficient to trigger cell death in
response to HopBA1. We generated a crystal structure for HopBA1 and found that it has similarity to a class of proteins that includes
esterases, the heme-binding protein ChaN, and an uncharacterized domain of Pasteurella multocida toxin. Self-association,
coimmunoprecipitation with HopBA1, and function of RBA1 require two previously identified TIR–TIR dimerization interfaces. Although
previously described as distinct in other TIR proteins, in RBA1 neither of these interfaces is sufficient when the other is disrupted. These
data suggest that oligomerization of RBA1 is required for function. Our identification of RBA1 demonstrates that “truncated” NLRs can
function as pathogen sensors, expanding our understanding of both receptor architecture and the mechanism of activation in the plant
immune system.
Keywords: atypical TIR domain proteins; NLR immune receptor function; Type III effectors of Pseudomonas syringae; Natural variation;
structure/function
Abstract #259. Dual negative modulations of PTI signaling by two types of calcium signaling components (Submission 154)
1
You Lu , Liu, Xiaotong, University of Minnesota, Truman, William, University of Minnesota, Bethke, Gerit, University of Minnesota, Zhou,
Man, University of Minnesota, Katagiri, Fumiaki, University of Minnesota, Glazebrook, Jane, University of Minnesota
1
University of Minnesota, Twin Cities, United States
Plant immune responses activated through perception of microbe-associated molecular patterns (MAMPs), which leads to patterntriggered immunity (PTI), are tightly regulated, reducing their negative impacts on plant growth and reproduction. This regulation
includes keeping immune responses low in the absence of pathogens and shutting off immune signaling rapidly when it is no longer
needed. Members of the CALMODULIN-BINDING PROTEIN 60 (CBP60) family, CBP60g and SARD1, are crucial signaling components for
activating salicylic acid (SA) production and have broad roles in regulating gene expression during PTI, while another CBP60 family
member, CBP60a, negatively regulates SA accumulation and immunity. Previously two CALMODULIN-LIKE genes, CML46 and CML47,
were found to cluster together with CBP60g, SARD1 and SID2 in a co-expression analysis. In this study, we demonstrate that CML46 and
CML47 are negative regulators of immunity and SA accumulation. Mutations in either gene confer enhanced disease resistance (edr) to
Pseudomonas syringae pv. maculicola (Pma), and this effect is genetically additive to cbp60a. Transcriptome profiling of cbp60a and
cml46 cml47 revealed effects on both a common set of genes, including CBP60g, and separate sets of genes. The majorities of these
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differentially-expressed genes are Pma-responsive, with many of them being CBP60g/SARD1- or SID2-dependent. Mathematical modeling
of the expression patterns of CBP60g in cbp60a and cml46 cml47 over a time course following flg22 treatments revealed that mutations
in cml46 cml47 lead to faster and stronger PTI signal input, while cbp60a has a much slower signaling decay rate. The model predicts that
flg22-PTI would be extended in cbp60a and the edr phenotype of cbp60a could only be observed in the later stage of Pma infection. We
tested these hypotheses and found both are correct.
Keywords: Pattern-Triggered Immunity; Negative Regulator; Calcium Signaling; Mathematical Modeling
Abstract #260. The mutant increased suppression of TBF1-8 (ist8) offers new insight into posttranscriptional regulation of immune
response in Arabidopsis. (Submission 156)
1
Paul Zwack , Xu, Guoyong, Duke University, Zebell, Sophia, Duke University, Greene, George, Duke University, Dong, Xinnian, Howard
Hughes Medical Institute, Duke University
1
Duke University, United States
Translational regulation is emerging as a crucial aspect of plant immune responses but the mechanism is largely unclear. We have
previously demonstrated that translation of the key immunity regulating transcription factor TBF1 is rapidly and transiently induced in
response to immune stimuli. To understand the mechanisms of this regulation, we performed a genetic screen for mutants impaired in
immune-induced translation of a TBF1-luciferase reporter. Through this screen we identified the mutant increased suppression of TBF1-8
(ist8), which has constitutively low levels of TBF1-luciferase activity that cannot be induced by immune-inducing stimuli such as the
microbe-associated molecular pattern molecule elf18. Similar to the loss-of-function tbf1 mutant, ist8 seedling growth has decreased
sensitivity to elf18. Consistent with a role in immunity, ist8 is hyper-susceptible to the oomycete pathogen Hyaloperonospora
arabidopsidis. We have mapped the ist8 mutation, and found that it is a missense mutation in the coding sequence of a DEA(D/H)-box
protein with similarity to DHH1p and DDX6 from yeast and humans, respectively. This protein co-localizes with mRNA-decapping
components in cytoplasmic puncta (p-bodies) and may play a role in the regulation of mRNA decay. Future work on this ist8 will give
important insight into whether TBF1 as well as other genes differentially translated during immune responses, could be regulated in part
through mRNA decay or sequestration in p-bodies.
Keywords: posttranscriptional regulation; genetic screen; Hyaloperonospera arabisopsidis; p-bodies
Abstract #261. Differential effects of pectin defects on cell wall composition, growth, and immunity (Submission 159)
1
Gerit Bethke , Glazebrook, Jane, University of Minnesota
1
University of Minnesota, United States
Plant cell walls are both early barriers to pathogen entry and a source for signaling molecules that induce immune signaling. We have
previously reported that pectin content and methyl esterification status affect plant immunity. Plants with mutations in UDPGlucuronate-4-Epimerase 1 (GAE1) and GAE6 have strongly reduced homogalacturonan content and show increased susceptibility to the
fungus Botrytis cinerea isolate Gallo 1. The gae1-1 gae6-1 mutant we previously described had no apparent growth defects (Bethke et al.,
2016). We recently identified a second double mutant, gae1-2 gae6-2, with even stronger reduction in pectin content that exhibited
severe growth defects. Other groups have described plants with mutations in a putative glycosyltransferase (QUA1, Bouton et al., 2002),
a putative methyltransferase (QUA2, Mouille et al., 2007) or CGR2 and CGR3 that affect pectin methyl esterification (Kim et al., 2015) that
show reduced pectin content and growth defects. To further study the effects of pectin on plant growth and immunity we compared all
mutants in parallel. Pectin, measured as uronic acid content and binding of the homogalacturon-specific LM 20 antibody, was strongly
reduced in gae1-1 gae6-1, gae1-2 gae6-2 and cgr2 cgr3 and somewhat reduced in qua2. In contrast to the observed increased
susceptibility of gae1 gae6 to B. cinerea Gallo1, cgr2 cgr3 and qua2 plants showed increased resistance to this pathogen. In cgr2 cgr3 this
coincided with constitutively increased expression of the immune marker genes PR1, PAD3 and JAZ10 and reduced expression of PDF1.2
whereas expression of these genes was unaltered in qua2. Additionally, qua2, cgr2 cgr3 and gae1-2 gae6-2 plants showed increased
dehydration of rosette leaves. It appears that different defects in pectin biosynthesis differentially affect plant growth, cell wall
composition and plant immunity. These results are preliminary. Updated results will be presented.
Keywords: plant immunity; cell wall; pectin; Botrytis cinerea
Abstract #262. A novel function for an orphan gene in mediating pathogen and pest resistance (Submission 165)
1
Ling Li , Mingsheng Qi, Wenguang Zheng, Xuefeng Zhao, Jessica D. Hohenstein, Dan Nettleton, Gustavo C. MacIntosh, Gregory L. Tylka,
Eve Syrkin Wurtele, Steven A. Whitham
1
Mississippi State University, United States
Crop plants must integrate signals from the environment and prioritize responses to stresses that may occur individually or
simultaneously throughout the growing season. Stress responses can adversely affect plant growth and quality traits such as protein.
Enhancing the nutritional quality and disease resistance of crop species without sacrificing productivity is a key issue for developing
varieties that are valuable to farmers and for simultaneously improving food security and sustainability. Higher protein is a desirable
agronomic trait, and is particularly important in staple crops that provide food for large populations. Expression of the Arabidopsis
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thaliana species-specific AtQQS (Qua-Quine Starch) orphan gene or its interactor, NF-YC4 (Nuclear Factor Y, subunit C4), has been shown
to increase levels of leaf/seed protein without affecting the growth and yield of agronomic species (1-6). We further demonstrate that
overexpression of genes related to QQS network in Arabidopsis and soybean enhances resistance/reduces susceptibility to viruses,
bacteria, soybean cyst nematodes, and aphids. Our findings point that the genes involved in QQS-related network can be manipulated to
improve protein and defensive traits in crop plants, overcoming the normal tradeoffs between growth and defense. Our results open
doors to potential applications of genes related to QQS network in crops. 1. Li, L. et al. Identification of the novel protein QQS as a
component of the starch metabolic network in Arabidopsis leaves. PJ (2009). 2. Li, L. & Wurtele, E.S. U.S. Patent (2012). 3. Li, L. &
Wurtele, E.S. The QQS orphan gene of Arabidopsis modulates carbon and nitrogen allocation in soybean. PBJ (2015). 4. Li, L. et al. QQS
orphan gene regulates carbon and nitrogen partitioning across species via NF-YC interactions. PNAS (2015). 5. Arendsee, Z.W., Li, L. &
Wurtele, E.S. Coming of age: orphan genes in plants. TIPS (2014). 6. Li, L. & Wurtele, E.S., U.S. Patent Office (2015).
Keywords: carbon and nitrogen partitioning, pathogen, pest, orphan gene, susceptibility
Abstract #263. A cytokinin-regulated transcriptional switch between growth and defense (Submission 180)
1
Cris Argueso , Albrecht, Tessa, Colorado State University, Salvador, Felipe, Colorado State University, Hadju, Dawn, Colorado State
University, Berry, Hannah, Colorado State University, Watson, Ruthie, Colorado State University
1
colorado state university, United States
During activated states of immunity plants often display a tradeoff between defense and growth. High levels of defense activation leads
to reduced shoot growth and also reduced seed set. Hormone signaling networks are responsible for regulating growth and
development, as well as plant-pathogen interactions.To identify possible molecular mechanisms modulating the growth defense trade-off
in plants we focused on the plant growth hormone cytokinin, widely known for a role in plant growth and development and for which a
role in defense responses to biotrophic pathogens has been recently demonstrated. We used a computational biology approach to
analyze transcriptional data for regulators of plant growth-defense tradeoffs. With this approach we identified a class of transcription
factors that are important for cytokinin-promoted plant growth, and whose expression is rapidly reduced during defense activation.
Genetic analyses showed that mutations in these genes leads to increased resistance to bacterial and oomycete pathogens, as well as
increased defense gene expression. Overexpression of these genes positively affects plant growth. We propose that these transcription
factors may function as a switch between growth and defense, through the regulation of cytokinin-regulated transcriptional targets that
prioritize plant growth over defense activation.
Keywords: phytohormone; cytokinin; salicylic acid; defense; growth
Abstract #264. BOTRYTIS-INDUCED KINASE1 regulates Arabidopsis resistance against aphids through suppressing cell death
(Submission 186)
1
JIAXIN LEI , Libo Shan, Keyan Zhu-Salzman
1
Texas A&M university, United States
BOTRYTIS-INDUCED KINASE1 (BIK1) plays important roles in induced defense against fungal and bacterial pathogens in Arabidopsis. Its
tomato homolog enhances host plant resistance to a chewing insect herbivore. However, it remains unknown whether BIK1 functions in
plant defense against aphids, a group of insects with a specialized phloem-feeding style. In this study, the potential role of BIK1 was
investigated in Arabidopsis infested with the green peach aphid, Myzus persicae. In contrast to the previously reported positive role of
intact BIK1 in defense response, loss of BIK1 function adversely impacted aphid settling, feeding and reproduction. Relative to wild-type
plants, bik1 displayed higher aphid-induced H2O2 accumulation and more severe lesions, resembling a hypersensitive response (HR)
against pathogens. These symptoms were limited to the infested leaves. The bik1 mutant showed elevated basal as well as induced
salicylic acid and ethylene accumulation. Intriguingly, elevated salicylic acid levels did not contribute to the HR-like symptoms or to the
heightened aphid resistance associated with the bik1 mutant. Elevated ethylene levels in bik1 accounted for an initial, short-term
antixenotic activity. Introducing a loss of function mutation in the aphid resistance and senescence-promoting gene PHYTOALEXIN
DEFICIENT4 (PAD4) into the bik1 background blocked both aphid resistance and HR-like symptoms, indicating bik1-mediated resistance to
aphids is PAD4-dependent. Taken together, Arabidopsis BIK1 confers susceptibility to aphid infestation through its suppression of PAD4
function. Furthermore, the results underscore the role of reactive oxygen species and cell death in plant defense against phloem-feeding
insects.
Keywords: Green peach aphid; cell death; plant-insect interaction; reactive oxygen species; hypersensitive response
Abstract #265. Roles and Programming of ARGONAUTE Proteins during Turnip Crinkle Virus Infection in Arabidopsis (Submission 187)
1
Xingguo Zheng , Kerrigan B. Gilbert, James C. Carrington
1
Donald Danforth Plant Science Center, United States
In plants, RNA silencing functions as an important antiviral defense mechanism through the action of DICER-like (DCL) and ARGONAUTE
(AGO) proteins. To evade RNA silencing, plant viruses have evolved a variety of strategies to counterstrike this defense mechanism,
including expressing the viral suppressors of RNA silencing (VSRs). Arabidopsis thaliana genome expresses ten AGO proteins, which are
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classified into three major clads, AGO1/5/10, AGO2/3/7 and AGO4/6/8/9. As the effector proteins in the RNA silencing pathways, AGO
proteins are preferred targets of VSRs, such as the coat protein (P38) encoded by the Turnip Crinkle Virus (TCV) genome. By using a VSRdeficient TCV line, a genetic analysis was performed to identify antiviral AGO proteins in the defense against TCV in Arabidopsis. During
TCV infection, AGO1, AGO2, AGO3, AGO7 and AGO10 played antiviral roles in different tissues in a modular way. In leaves, AGO2 and
AGO7 functioned as two prominent non-additive anti-TCV effectors, while AGO3 played minor roles in leaves. AGO1, AGO2 and AGO10
had overlapping antiviral functions in inflorescence tissues. Further co-immunoprecipitation results showed that TCV coat protein P38
could function as its VSR to hijack the antiviral RNA silencing pathways by physically interacting with AGO1, AGO2 and AGO10 effector
proteins. Introducing an amino acid substitution at specific site (R130T) in P38 protein could abolish its ability to interact with AGO2
protein, without affecting its interactions with AGO1 and AGO10. Further amino acid substitution data showed that the GW repetitive
motifs in P38 protein are indispensable for its physical interaction with AGO1 and AGO10, but not that with AGO2. Together, these
findings indicate that distinct AGO proteins have modular antiviral functions in different tissues, and provide evidence about the VSR
activity of P38 of TCV.
Keywords: Antiviral RNA Silencing; ARGONAUTE; Turnip Crinkle Virus, Viral Suppressor of Silencing
Abstract #266. A novel functional genomics approach reveals previously unrecognized regulators of plant defenses (Submission 188)
1
Jose Pruneda-Paz , Katia Bonaldi, Zheng Li, Francisco Uribe-Romeo, Jose Pruneda-Paz
1
UCSD, United States
Increased salicylic acid (SA) levels upon bacterial pathogen infections lead to an extensive transcriptional reprogramming that ultimately
induce plant defense mechanisms. In Arabidopsis this transcriptional response is mainly dependent on the function of the transcription
cofactor NPR1. The expression of NPR1 increases after SA treatment or bacterial infections, and NPR1 levels positively correlate with the
activation of defense responses. However, despite its critical role for plant defenses, the transcriptional mechanisms that control NPR1
expression are still elusive. We developed a novel luciferase-based Y1H system and used a genome-wide Arabidopsis transcription factor
(TF) library to identify, in an unbiased and comprehensive manner, TFs that bind to the NPR1 promoter. This functional approach
uncovered 54 TFs that consistently bind to the NPR1 promoter. In vivo validation of the regulatory role for the top 23 candidates,
identified previously unrecognized TFs that positively and negatively control NPR1 expression. Transcript profiling revealed that the
expression of positive NPR1 regulators is induced following Pseudomonas syringae infection. Interestingly, the expression of NPR1
negative regulators is repressed upon infection, suggesting that the transcriptional reprogramming induced by the pathogen interaction
leads to a permissive condition for the upregulation of NPR1. Importantly, by using an inducible system, we found that overexpression of
positive and negative NPR1 regulators one day before P. syringae inoculation results in increased disease resistance or susceptibility,
respectively. Altogether, our results indicate that the coordinated function of TFs that activate and repress the NPR1 promoter activity
ultimately shape NPR1 expression pattern, influencing pathogen control after infection. Furthermore, these results provide validation of a
novel screening approach and uncover previously unrecognized regulators of defense responses in Arabidopsis.
Keywords: novel gene-centered Y1H screens; NPR1 expression; plant defense against P. syringe; transcriptional regulation
Abstract #267. Examining mobile small RNAs exchanged between the parasitic plant dodder and its host (Submission 235)
1
Nathan Johnson , Shahid, Saima, Penn State University, Kim, Gunjune, Virginia Tech, Wang, Feng, Penn State University, Wafula, Eric K.,
Penn State University, Coruh, Ceyda, Penn State University, dePamphilis, Claude W., Penn State University, Westwood, James H., Virginia
Tech, Axtell, Michael J., Penn State University
1
Penn State University, United States
The obligate stem parasitic plant dodder (Cuscuta pentagona) invades a diverse range of dicotyledonous host plants using specialized
feeding structures called haustoria. Besides nutrient and water uptake, haustoria also allow exchange of macromolecules and viruses
between dodder and its hosts. A large-scale transcriptomic study revealed that mRNA exchange through haustorial connections is
bidirectional and involves thousands of different transcripts. Additionally, previous studies have shown that host-derived transgenic small
RNAs can move across haustoria and silence dodder-specific genes. These results indicate that endogenous small RNAs such as
microRNAs (miRNAs) may be also mobile between dodder and its host. To address this possibility, we generated small RNA-seq data from
dodder-Arabidopsis associations. Our results show a striking predominance of 22 nt parasite miRNAs at the dodder-Arabidopsis interface.
Most of these miRNAs were also detected in host tissue away from the point of haustorial connections. Additionally, several of these
miRNAs triggered secondary small RNA production from at least six Arabidopsis mRNA targets. Examples of such targets include BIK1
(Botrytis Induced Kinase 1), an important player in plant immunity. Another target, SEOR1 (Sieve-Element-Occlusion-Related 1) encodes a
protein thought to be involved in sealing phloem sieve elements after wounding. Furthermore, mRNAs encoding three auxin receptors,
TIR1, AFB2, and AFB3 are targeted by a dodder miRNA and showed a unique pattern of secondary siRNA production in dodder-host
interface. These data demonstrate that dodder-derived miRNAs target host mRNAs during parasitism, suggesting they may act as factors
to enhance parasite fitness.
Keywords: miRNAs; Parasitic Plants; Inter-species regulation
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Abstract #268. Novel roles of dynamin-related protein network in flg22-signaling and innate immunity against bacteria (Submission
237)
1
Antje Heese , Ekanayake, Gayani ,University of Missouri-Columbia (IPG), Smith, John M., University of Missouri-Columbia (IPG)
1
University of Missouri-Columbia, United States
The protein composition of the plasma membrane (PM) has important implications for how a cell perceives and responds to its
environment. Controlling changes in the PM proteome is important for regulating the strength and duration of cellular responses to
extracellular stimuli. The PM immune receptor Flagellin Sensing 2 (FLS2) detects bacterial flagellin (or flg22) to initiate immune responses.
Upon flg22-binding, FLS2 undergoes ligand-induced endocytosis and degradation as a means to desensitize cells to flg22 and to remove
activated receptors from the PM for signal attenuation. So far, the underlying cellular mechanisms and the molecular machinery
functioning in flg22-induced FLS2 removal from the PM remain largely undefined. In eukaryotes, dynamins and dynamin-related proteins
(DRPs) act as molecular scissors during endocytosis. Recently, we identified the Arabidopsis DRP2B with novel, non-canonical roles in
flg22-signaling and immunity against Pseudomonas syringae pv tomato (Pto) DC3000. Loss of DRP2B results in a 20% reduction in flg22induced endocytosis of FLS2, correlating with heightened early flg22-responses [PLOS Pathogens (2014) 10: e1004578].Our goal is to
identify vesicle proteins that function together with DRP2B in immune signaling and endocytosis. In large-scale immunoprecipitation, we
detected several proteins, including Vesicular Trafficking 3 (VES3), that formed complex(es) with DRP2B. Consistent with DRP2B and VES3
regulating immune signaling in a similar manner, loss of VES3 resulted in the same non-canonical combination of flg22-signaling defects
observed for drp2b. Interestingly, drp2b ves3 double mutant showed synergistic genetic interactions in plant immune signaling and
growth; but importantly, we were able to separate growth & developmental defects from those in immune signaling. Currently, we are
investigating role(s) of VES3 and DRP2B in constitutive and ligand-induced endocytosis of PM proteins involved in immunity.
Keywords: dynamin-related protein; endocytosis, plant immunity; protein trafficking
Abstract #269. Role of Volatile Organic Compounds in Plant Symbiotic and Defense Signaling Pathways (Submission 243)
1
Muthusubramanian Venkateshwaran , Rubeck, Sara, University of Wisconsin-Platteville, Ackerman, Arlyn, University of WisconsinPlatteville, Theisen, Nickolas, University of Wisconsin-Platteville, Brimeyer, Nathaniel, University of Wisconsin-Platteville, Welch, Kendell,
University of Wisconsin-Platteville, Arida, Emily, University of Wisconsin-Platteville, Annamalai, Raja, University of Wisconsin-Platteville,
Ane, Jean-Michel, University of Wisconsin-Madison
1
University of Wisconsin-Platteville, United States
Volatile organic compounds (VOCs) isolated from plant growth promoting rhizobacteria (PGPR) have been shown to confer resistance in
plants to pathogenic fungi and bacteria leading to reduced disease incidence and severity. However, our current understanding of the
molecular mechanisms of the bacterial VOC-mediated plant defense responses are still rudimentary. We hypothesized that the VOCs act
as elicitors of defense signaling by triggering the expression of an array of defense-related genes in plants that play a role in either
salicylic acid (SA)- or jasmonic acid (JA)-mediated defense signaling pathways. Through gene expression studies and pathogenicity assays,
we have identified the candidate VOCs isolated from soil-borne PGPR that trigger the SA and/or JA-mediated defense-signaling pathway
in both dicots (Arabidopsis thaliana and Medicago truncatula) and monocot (rice). Similarly, the mavalonic acid biosynthetic pathway
gives rise to volatile sesquiterpenes, which are shown to play an array of roles including resistance to herbivores. Recently, a new role for
mevalonate as signaling molecules in legume-rhizobia symbiosis has been demonstrated. However, the role of mevalonate pathway in
arbuscular mycorrhizal (AM) symbiosis, another important symbiosis is currently unknown. With the help of pharmacological and genetic
analyses, we show that mevalonate activates the AM signaling pathway in rice. Application of mevalonate triggers nuclear calcium spiking
in rice roots similar to chitin oligomers and the germinating spore exudates of AM fungi. Similarly, the mevalonate-induced expression of
AM genes (AM1, AM3 and AM11) are dependent on symbiotic signaling pathway in rice. We also demonstrate that mevalonate promotes
plant growth and lateral root development in rice that are dependent on AM signaling pathway.
Keywords: volatile organic compounds; defense signaling; symbiotic signaling;
Abstract #270. The Arabidopsis alf3-1 mutation causes autoimmunity in the root and identifies a TIR domain protein (Submission 318)
1
Sanda Zolj , Stefanini, Kristina, Boston University, Darrow, Paige, Boston University, Rodriguez Sastre, Nahomie, Boston University,
Hobson, Eric, Jackson State University, Celenza, John L, Boston University
1
Boston University, United States
Plant defense responses vary depending on the pathogen and intensity of the attack and are mediated primarily through two levels of
defense. PAMP-triggered immunity (PTI) is triggered in response to host recognition of pathogen-associated molecular patterns (PAMPs).
However, pathogens can evade PTI by secreting effector molecules into the host cell that block PTI. In turn, effector molecules can be
inhibited by a second line of plant defense called effector-triggered immunity (ETI). In ETI the plant uses effector-specific resistance
proteins to block the effector. ETI results in gene expression changes that lead to the hypersensitive response (HR), a form of cell death,
and to the plant-wide systemic acquired resistance.Previously we identified a dominant Arabidopsis thaliana mutant, alf3-1 (aberrant
lateral root formation 3), whose primary and lateral roots die unless the growth medium is supplemented with auxin or the plants are
grown at high temperature. Based on gene expression profiling, we found that many immune and defense response genes were
expressed more highly in alf3-1 compared to WT. These genes include salicylic acid (SA)-responsive genes such as PR1 and PBS3 as well as
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several WRKY transcription factors, a gene family implicated in plant defense. Consistent with these findings, alf3-1 mutants have greatly
increased sensitivity to SA as well as increased production of defense compounds. In addition we found that the vast majority of defenserelated phenotypes dysregulated in alf3-1 returned to WT levels when the mutant was rescued by auxin or growth at high temperature.
Using whole genome sequencing we found that the ALF3 gene encodes an uncharacterized TIR domain protein. Because characterized
plant TIR domain proteins have been shown to function in plant innate immunity, we hypothesize that alf3-1 is a gain-of-function
mutation that causes an HR in roots even in the absence of a pathogenic trigger.
Keywords: autoimmunity; TIR domain; root development
Abstract #271. TSA1 is accelerator of ER body formation upon wound-related stress (Submission 320)
1
KyoungRok Geem , Dae Heon Kim, (Department of Life Science, SCNU)
1
POSTECH, Korea, Republic of
Brassicaceae plants including Arabidopsis contain an organelle, ER body, which is derived from the ER. Recent studies shed some light to
biogenesis of the ER body and also its physiological role in plants. However, how the ER body is produced and what is the physiological
role are not fully understood. In this study, we investigated the physiological role of TSA1, a close homology of NAI2 involved in ER body
formation, and provide evidence that it is involved in ER body biogenesis under the wound-related stress conditions. TSA1 localizes to the
ER body as a membrane protein using the N-terminal hydrophobic stretch as a TMD, thereby the C-terminal region being exposed to the
cytosol. TSA1 was highly induced by a plant hormone, methyl jasmonic acid (MeJA). Ectopic expression of TSA1:GFP induced the ER body
formation in root tissues of transgenic Arabidopsis and in leaf tissues of Nicotiana benthamiana. TSA1 and NAI2 formed a heterocomplex
and showed an additive effect on ER body formation in N. benthamiana. However, tsa1 mutant plants did not show any defect in the
constitutive ER body formation in young seedlings. Based on these results, we propose that TSA1 plays a critical role in MeJA-induced ER
body formation in plants.
Keywords: ER body formation
Abstract #272. GhWAK1 interacts with GhLYK5 and promotes chitin induced GhLYK5-GhLYK1 association in cotton defense response
(Submission 328)
1
Ping Wang , Lizhu Wu, Texas A&M University., Ping He, Texas A&M University., Libo Shan, Texas A&M University.
1
Texas A&M university, United States
Fusarium and Verticillium wlit are two devastating fungal diseases in cotton and severely affect global cotton production. No
commercially viable way is able to eradicate these diseases from cotton in field until now. As a fungal microbe-associated molecular
pattern, chitin is recognized by lysin motif receptor kinases (LYKs) and actives defense response against fungal diseases in plant. Here, by
a loss- of -function screen using virus-induced gene silencing (VIGS), we found that GhWAK1, an epidermal growth factor (EGF)-type
receptor-like kinase, regulates fungal diseases response and also plays a role in chitin-induced defense in cotton. The transcription of
GhWAK1 can be highly induced by Fusarium oxysporum and Verticillium dahliae. Silencing of GhWAK1 showed reduced susceptibility to
the infections by these two fungi and compromised MAPK activity after chitin elicitation. The similar results were found in GhLYK1
(GhCERK1) and GhLYK5-silenced cotton as expected, indicating the involvement of GhWAK1 in chitin response in cotton. Further results
showed that GhWAK1 interacts with GhLYK5 constitutively and chitin-induced GhLYK1-GhLYK5 dimerization is enhanced when coexpression with GhWAK1 in vivo. The data suggest GhWAK1 is involved in chitin-induced immunity and promotes cotton defense
response to fungal diseases.
Keywords: CERK1；WAK1；LYK5； Fungal disease；defense
Abstract #273. Plant Paralysis: Local pathogen infection suppresses systemic plant growth and leaf movements (Submission 345)
1
Adam Seroka , Jin Chen, Sheng-Yang He
1
Michigan State University, United States
Plants are highly attuned to their local environments and must be capable of responding to adverse environmental conditions to
maximize their survival. One of the mechanisms that plants employ is environment-induced architectural changes that manifest
themselves as unique movements that aid in avoiding adverse environmental stressors and maximize light capture. Arabidopsis thaliana,
for example, responds to shaded or warm environments by inducing petiole elongation, resulting in ultradian vertical leaf movements
known as nutations. Using time lapse imaging of Arabidopsis thaliana during Pseudomonas syringae pv tomato DC3000 (Pst DC3000)
infection, we observed suppression of petiole elongation and leaf nutations in both locally infected and systemically uninfected tissues, a
phenomenon we call “Pathogen-induced Plant Paralysis”. By utilizing a collection of mutant plants and pathogens, we discovered that Pst
DC3000-induced plant paralysis is dependent on jasmonate signaling in the host. Pst DC3000 produces the phytotoxin coronatine which
serves multiple roles in the virulence of Pst DC3000 and is a structural mimic of the active form of jasmonate. Bacterial mutants lacking
coronatine biosynthesis lost an ability to suppress leaf oscillations and petiole elongation in systemic tissue. Previous work established
that shade and warm temperature-induced architectural changes require the growth-promoting transcriptional regulators phytochromeinteracting factors (PIFs) and that activation of jasmonate signaling inhibits plant growth by interfering with regulatory steps upstream of
PIFs. However, we observed phyB mutants and PIF-overexpressing lines are unable to overcome Pst DC3000-induced plant paralysis,
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suggesting that further characterization of pathogen-induced plant paralysis is necessary to gain insights into a previously undescribed
aspect of plant interaction with the external environment.
Keywords: Jasmonate, Pathogenesis, Phenomics, Growth-Defense Tradeoff
Abstract #274. The master transcription cofactor NPR1 represses transcription factors to up- and downregulate two immune signals
dependent on transcriptional context (Submission 353)
1
Mika Nomoto , Itaya, Tomotaka, Nagoya University, Tsukagoshi, Hironaka, Meijo University, Suzuki, Takamasa, Chubu University, Skelly,
Michael, University of Edinburgh, Matsushita, Tomonao, Kyushu University, Yamamoto, Yoshiharu, Gifu University, Higashiyama, Tetsuya,
Nagoya University, Spoel, Steven, University of Edinburgh, Tada, Yasuomi, Nagoya University
1
Nagoya University, Japan
Expression of immune genes relies on sequence-specific transcription regulators that function as activators or repressors depending on
the cofactors they recruit. If and how cofactors also shift between activating and repressing states during innate immune responses is far
less clear. Here we report that dependent on the context of transcriptional networks, NPR1, an indispensable cofactor that regulates the
antagonistic plant immune signals salicylate (SA) and jasmonate (JA), switches between coactivator and corepressor behavior. While
NPR1 coactivator physically removed repressor WRKY transcription factors from a cognate cis-regulatory element to activate SAresponsive genes, it has no effect on activator WRKYs. Transcriptome analysis on SA-repressed JA-induced genes in wild type and npr1
mutant identified the G-box motif as an NPR1-regulated cis-element, indicating the direct regulation of MYC family proteins by NPR1.
Indeed, we have confirmed that NPR1 interacted with MYC2, MYC3, and MYC4 in vitro and in vivo. Chromatin immunoprecipitation (ChIP)
assay revealed that SA significantly suppressed the binding of MYC2 to the G-box of JA-responsive LOX2 gene in an NPR1-dependent
manner. These findings demonstrate that NPR1 exerts repressive effect on its target transcription factors to up- and downregulate key
immune signals dependent on transcriptional context.
Keywords: transcription factor; salicylic acid; jasmonic acid
Abstract #275. Defense Compound Production in the Oilseed Crop Camelina sativa (Submission 361)
1
John Celenza , Rengarajan, Shruthi, Boston University, Babaei Amameh, Mohammad, Boston University, Diallo, Aissata, Boston
University, Rodriguez Sastre, Nahomie, Boston University, Bender, Judith, Brown University, Zolj, Sanda, Boston University
1
Boston University, United States
Climate change can impact defense against herbivores and pathogens in multiple ways. For example, geographical ranges of plants, insect
pests, and plant pathogens may change in ways independent of each other. Thus a particular plant species may be exposed to different
and/or greater numbers of insect pests and pathogens than it had evolved to deter. Identification of which defense pathways are
available to a particular species and understanding the interactions between primary and secondary metabolism is an important focus of
crop improvement and sustainable agriculture. Thus uncovering mechanisms that modulate defense compound synthesis will elucidate
key targets for enhancing synthesis and potentially protecting plants from rapidly changing environments due to climate
change.Camelina sativa is an emerging sustainable oilseed crop adapted to northern climates. Enhancing Camelina’s chemical defenses
will increase its value as a bioenergy crop especially in the face of changing environments due to climate change. As member of the
mustard family, Camelina produces anti-herbivore glucosinolates and the phytoalexin, camalexin. However, compared to most other
mustards including Arabidopsis, Camelina’s glucosinolate production is reported to be less robust in terms of tissue distribution and
chemical diversity. These differences indicate that Camelina may have developed defense strategies distinct from Arabidopsis and
suggest ways to improve Camelina’s defenses to expand its growth range. Two areas are being studied in this project. First, we are using
genomic and transcriptomic methods to identify similarities and differences in defense pathways between Camelina and Arabidopsis.
Second, we are using our knowledge of tryptophan primary and secondary metabolism in Arabidopsis to modify the profile of Camelina’s
tryptophan-derived defense compounds such as camalexin and indolic glucosinolates.
Keywords: Camelina sativa; glucosinolates; anti-herbivory; defense pathway evolution
Abstract #276. Bacteria establish an aqueous living space as a crucial pathogenesis mechanism (Submission 364)
1
Xiufang Xin , Nomura, Kinya, Michigan State University, Aung, Kyaw, Michigan State University, Velásquez, André, Michigan State
University, Yao, Jian, Western Michigan University, Boutrot, Freddy, The Sainsbury Laboratory, Norwich, Chang, Jeff, Oregon State
University, Zipfel, Cyril, The Sainsbury Laboratory, Norwich, He, Sheng Yang, Michigan State University
1
Michigan State University, United States
The Arabidopsis-Pseudomonas syringae pathosystem has been widely used for understanding bacterial pathogenesis and disease
susceptibility in plants, leading to influential models that depict immune suppression mediated by type III effectors as a key step of
bacterial pathogenesis. Here, our experiments showed that immune suppression is insufficient for P. syringae pathogenesis in
Arabidopsis. Instead, humidity-dependent, pathogen-driven formation of aqueous apoplast was found to be another critical step. Two
conserved effectors from P. syringae, HopM1 and AvrE, are sufficient and necessary to produce aqueous apoplast in the context of
bacterial infection. Remarkably, HopM1 is also sufficient to transform non-pathogenic P. syringae strains into virulent pathogens in
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Arabidopsis that is deficient in pattern-triggered immunity (PTI), but not in plants defective in salicylic acid signaling. Likewise,
Arabidopsis quadruple mutants that are simultaneously defective in PTI and a host target of HopM1 could substantially rescue the basic
features of this model disease and, interestingly, lose control of the endogenous leaf “bacteriome”. Thus, we have defined the minimal
host processes underlying foliar bacterial pathogenesis and bacteriome homeostasis in a model plant. Results provide a new framework
for pathogenesis and microbiome studies in plants.
Keywords: bacterial pathogenesis; plant immunity; type III effectors
Abstract #277. A novel dimeric Medicago defensin MtDef5 confers strong resistance to obligate oomycete biotrophic pathogen
Hyaloperonospora arabidopsidis in transgenic Arabidopsis (Submission 365)
1
Kazi Islam , Islam, Kazi, Donald Danforth Plant Science Center, Sonawala, Unnati, Virginia Tech, McDowell, John, Virginia Tech, Shah, Dilip,
Donald Danforth Plant Science Center
1
Donald Danforth Center, United States
Crop diseases caused by fungal and oomycete pathogens are a major threat to food security. Plants possess sophisticated innate immune
system to counteract pathogen infection. Defensins are one of the early effectors of plant innate immunity and many of these cysteinerich antimicrobial effector proteins provide effective host defense response against invading pathogens. Because of their broad-spectrum
antifungal activity, defensins have strong potential to be used for generating crops with enhanced disease resistance.Plant defensins are
small cysteine-rich cationic peptides of 45-54 amino acids. The genome of Medicago truncatula contains a large family of 63 genes
encoding defensin. Of this gene family, one member encodes a unique highly cationic dimeric defensin, designated MtDef5, which
contains 107 amino acids and consists of two monomeric defensins of 50 amino acids each connected by a 7-amino acid linker sequence.
This defensin is predicted to be targeted to the apoplast. MtDef5 inhibits the growth of several filamentous fungi at nanomolar
concentrations. Our mode-of-action studies have revealed a unique mechanism for the antifungal action of this defensin which involves
its interaction with phosphatidylinositol monophosphates, ability to form oligomeric complexes and gain entry into fungal cells. Further,
overexpression of apoplast-targeted dimeric MtDef5 in Arabidopsis thaliana confers strong resistance to obligate oomycete biotrophic
pathogen Hyaloperonospora arabidopsidis indicating the potential of this dimeric defensin to confer resistance to obligate oomycete
pathogens in crops.
Keywords: Defensins, antimicrobial peptides, plant immunity, oomycetes, Arabidopsis
Abstract #278. Re-Locating RPS5 Based Resistance (Submission 369)
1
Sarah Pottinger , Helm, Matthew, Indiana University, Innes, Roger, Indiana University
1
Indiana University, United States
The Arabidopsis thaliana disease resistance protein RPS5 and its partner PBS1, confer immunity to Pseudomonas syringae through
activating the Hypersensitive Response (HR), a controlled death of infected cells. RPS5 senses P. syringae indirectly through the cleavage
of PBS1 by an effector. Therefore, any effector capable of cleaving PBS1 will cause HR and confer immunity. PBS1 was modified to
contain a cleavage site recognised by the Turnip Mosaic Virus (TuMV) NIa protease. However, resistance conferred by the modified PBS1
is too slow to stop the spread of infection. We theorised this could be due to a positional mismatch between the PBS1/RPS5 complex and
the TuMV NIa protein. In an attempt to produce more efficient cleavage and to investigate the limitations of PBS1/RPS5 signalling the
PBS1/RPS5 complex was relocated away from the plasma membrane to the cellular sites of TuMV replication. It was found that RPS5
requires a PM localisation to signal.
Abstract #279. Cell-wall-based regulation of stomatal defense in Arabidopsis (Submission 380)
1
yanjuan jiang , Li Zhang, Weiqing Zeng, Jin Chen, Sheng Yang He
1
MSU, United States
Plants constantly expose to various abiotic and biotic stresses throughout their life cycles, which, accordingly, have evolved sophisticated
defense strategies to cope with stresses. Recent studies have shown that plants reduce stomatal aperture as an innate immune response
to restrict pathogen infection, whereas highly evolved pathogens produce virulence factors, such as coronatine (COR) in the case of
bacterial pathogen Pseudomonas syringae pv. tomato (Pst) DC3000, to counteract stomatal defense. Previously our lab has isolated eight
Arabidopsis mutants that exhibit increased susceptibility to a COR-deficient mutant of Pst DC3000 (scord). Among them, six of the scord
mutants are defective in bacterium-triggered stomatal closure. Second generation sequencing and mapping were employed for the
identification of the SCORD genes, two of which, SCORD6 and SCORD7 genes, were confirmed. SCORD6 is involved in the do novo
synthesis of GDP-L-fucose and SCORD7 belongs to the Trichome Birefringence-Like protein family, of which several members exhibit roles
in synthesis and/or modification of pectin, xyloglucan and xylan. The identification of SCORD6 and SCORD7 genes highlights plant cellwall-based regulation of stomatal defense and the efforts to identify more SCORD genes would contribute to the general understanding
of the multifaceted host defense mechanisms against pathogen infection in plants.
Keywords: Arabidopsis stomatal defense Pseudomonas syringae pv. tomato (Pst) DC3000 COR-deficient mutant of Pst DC3000 (scord)
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Abstract #280. Interactions of Arabidopsis SRFR1, a negative regulator of effector-triggered immunity, with transcription factors and
transcriptional co-repressors (Submission 381)
1
Christopher Garner , Rogan, Conner, University of Missouri, Gassmann, Walter, University of Missouri
1
University of Missouri, United States
Regulation of the plant immune system is important for controlling specificity and amplitude of responses to pathogens, and in
preventing autoimmunity. Failure to control these processes can result in a reduction in fitness. In previous work, we reported that
SRFR1, a negative regulator of effector-triggered immunity, interacted with several members of the TCP family of transcription factors.
We also showed that a tcp8 tcp14 tcp15 triple mutant was compromised in effector-triggered immunity. Given SRFR1’s role as a negative
regulator, and the susceptible phenotype of the SRFR1-interacting tcp mutants, we hypothesized that the function of the SRFR1-TCP
interaction is to repress TCP mediated defense gene expression until the proper immune stimulus has been received. To test this
hypothesis further we have been exploring interactions between SRFR1 and TCPs with members of the TOPLESS family of co-repressors.
Data indicate that in the Col-0 background a genetic interaction exists between SRFR1 and two members of the TOPLESS family, TPR2 and
TPR3, as demonstrated by an increase in stunting and PR2 expression in srfr1 tpr2 and srfr1 tpr2 tpr3 mutants. Furthermore, the tpr2
mutation also intensifies autoimmunity in the auto-active snc1-1 mutant, indicating a novel role of these TOPLESS family members in
negatively regulating SNC1-dependent phenotypes. We also show that by overexpressing TPR2 in the srfr1 tpr2 background we can
suppress SNC1 expression. In addition, we have detected protein-protein interactions between SRFR1 and TPR2 using coimmunoprecipitation, and between TPR2 and several TCPs using bimolecular fluorescence complementation. Progress towards
establishing a nuclear SRFR1 protein interaction network will be presented.
Keywords: Transcriptional regulation; Resistance genes; histone deacetylation; autoimmunity; constitutive PR
Abstract #281. Formation and Pathogen Manipulation of Receptor-Like Kinase Complexes (Submission 383)
1
Timothy Howton , Elwira Smakowska, Hadia Mohamed Raafat Ahmed, Yali Sun, Youssef Belkhadir, M. Shahid Mukhtar
1
University of Alabama at Birmingham, United States
Formation and Pathogen Manipulation of Receptor-Like Kinase ComplexesTC Howton1, Elwira Smakowska2, Hadia Mohamed Raafat
Ahmed1, Yali Sun1, Youssef Belkhadir2, M. Shahid Mukhtar11 Department of Biology, University of Alabama at Birmingham, Birmingham,
Alabama2 Gregor Mendel Institute (GMI), Austrian Academy of Sciences, Vienna Biocenter (VBC), Dr Bohr Gasse 3, Vienna, 1030,
Austria. Plants and phytopathogens are fixed in an ever-evolving arms race. Plants have evolved cell-surface receptors known as leucinerich repeat receptor-like protein kinases (LRR-RLKs) to recognize potential pathogens through conserved pathogen-associated molecular
patterns (PAMPs) such as chitin, flagellin, elongation factor Tu, etc. Upon recognition of a PAMP, RLK activates PAMP-triggered immunity
(PTI), where the plant implores defensive strategies including ROS burst, callose deposition, and defense hormone (salicylic acid and
jasmonic acid) production to prevent bacterial colonization. RLKs consist of a ligand-binding extracellular domain, a transmembrane
domain, and an intracellular kinase domain, which is responsible for activating the downstream signaling cascade. The kinase domains of
RLKs frequently interact with additional RLKs during the signal transduction process. In an effort to better understand RLK function, I
conducted a bidirectional, pair-wise yeast two hybrid interaction study. I tested 312 pairs and found 24 interacting
pairs. Understanding how these RLKs interaction, can lead to novel discoveries of their roles in plant immunity. Additionally,
hemibiotrophic bacteria have evolved a tactic to suppress the PTI response. Bacteria can deliver small effector proteins into the host cell
to suppress PTI, thereby giving the pathogen an advantageous environment to thrive. Because RLKs are crucial in the initial recognition
of a bacterial infection, they are potential targets of effector manipulation. Therefore, I conducted an additional screening where I pairwise tested the kinase domain of 20 RLKs with 31 known effectors from Pseudomonas syringae pv. tomato DC3000 in a yeast two hybrid
system. From this screening, 10 RLKs were identified as potential targets of pathogen effectors. This discovery opens the door to
exploring the downstream ramifications of effector manipulation of these kinases.
Keywords: Receptor-like kinases; Effectors; Pseudomonas syringae; Yeast two hybrid
Abstract #282. Exploring a novel role for TCP transcription factors in plant innate immunity (Submission 384)
1
Benjamin Spears , Nam, Ji Chul, University of Missouri, Gao, Fei, University of Missouri, Kim, Sang Hee, University of Missouri, Gassmann,
Walter, University of Missouri
1
University of Missouri, Columbia, United States
Plants are regularly challenged by microbial pathogens, translating to enormous economic loss annually. A complex innate immune
system allows plants to recognize pathogen-specific molecular signatures, triggering a system-wide defense response known as PAMPtriggered immunity (PTI). A second layer of defense is triggered in response to the activity of specialized effector proteins which target
host components to suppress PTI and otherwise promote pathogen fitness. The strong physiological response and cell death associated
with host detection of effectors is known as effector-triggered immunity (ETI). An active immune response, however, is metabolically
expensive and comes at the cost of plant growth and development; accordingly, tight regulation is critical to plant fitness. The TCP
transcription factor family consists of well-characterized transcriptional regulators of plant development and morphogenesis. Recently,
we identified a role for three closely-related Class I TCPs as positive regulators of ETI, and characterized nuclear interactions in planta
with the negative immune regulator SUPPRESSOR OF rps4-RLD1 (SRFR1). We proposed a model by which SRFR1 inhibits defense gene

96

transcription through interactions with TCP proteins and additional transcriptional corepressors. New work has revealed that activity of
these TCPs is not limited to ETI signaling, but also involves components of PTI, likely through direct regulation at the promoters of key
defense genes. An analysis of preliminary results will be presented to further characterize potential regulatory mechanisms by which
TCPs, and by extension, SRFR1 act to modulate innate immunity on multiple levels.
Keywords: transcriptional regulation; plant innate immunity; PTI; ChIP
Post-translational Regulation:
Abstract #283. Disentangling protein degradation mechanisms of plant circadian clocks (Submission 29)
1
Joshua Gendron , Lee, Chin-Mei, Yale University, Feke, Ann, Yale University, Liu, Wei, Yale University, Adamchek, Christopher, Yale
University, Li, Man-Wah, Yale University
1
Yale University, United States
The circadian clock in plants is critical to proper timing of daily and seasonal developmental processes. Daily rhythms in biomolecule
levels are critical to clock function, and a lot is known about the rhythms of mRNA expression and the transcriptional mechanisms that
control these rhythms. Far less is known about mechanisms that drive cycling of clock proteins, although protein degradation through the
ubiquitin proteasome system is critical to all eukaryotic clocks. Multiple challenges hinder studies of the ubiquitin proteasome system in
plants, and we have utilized a simple protein engineering strategy to overcome these challenges. This has allowed us to study the genetic
and biochemical functions of E3 ubiquitin ligases that control clock function and that tether the clock to downstream biological pathways.
We have completed a study of the small and partially redundant F-box family (ZTL, FKF1, and LKP2), known to regulate clock function and
have shown that ZTL is a master regulator of diverse night time clock transcription factors. Following this we explored the roles of 30
additional clock-regulated F-box proteins revealing new clock regulators and new post-translational coupling mechanisms between the
clock and biological processes. Finally, we have created a transgenic library and screened nearly half of the ~700 Arabidopsis F-box genes
for defects in clock function. Hopefully, this will serve as a valuable community resource for others interested in studying protein
degradation mechanisms in various biological processes.
Keywords: Ubiquitin proteasome system; E3 ubiquitin ligases; Circadian clock; Flowering time; Development
Abstract #284. The F-Box Protein-Mediated Proteolytic Regulation of Phenylpropanoid Metabolism (Submission 39)
1
Chang-Jun Liu , Xuebin Zhang, Mingyue Gou
1
Brookhaven National Labortory, United States
Phenylpropanoids represent a large family of aromatic metabolites that possess a variety of biological functions in plant growth,
development, and plant-environmental interactions. The biosynthesis of phenylpropanoids entails a sequence of central enzymeregulated reactions, from which branch pathways emanate toward different classes of end products including the soluble phenolic
flavonoids and the cell wall structural component lignin. The syntheses are precisely controlled via a multitude of regulatory mechanisms
in response to the developmental cues and environmental stimuli. Adopting conventional yeast-two-hybrid assay and
immunoprecipitation-mass spectrometry approach, we recognized a group of Arabidopsis Kelch (repeat) domain-containing F-box (KFB)
proteins including KFBPALs (i.e., KFB01, KFB20, KFB39 and KFB50) and KFBCHS (KFB07) that physically interact with phenylalanine
ammonium lyases (PALs), the entry point enzyme of general phenylpropanoid pathway, and chalcone synthase (CHS), the branch point
enzyme for flavonoid production, respectively, and mediate their turnover via Ubiquitin/26S proteasome pathway. Both KFBPALs and
KFBCHS strongly respond to different wavelength of light, sugar and stress signals. Disturbing their expression reciprocally affects the
cellular concentration of PAL and CHS enzymes and, consequently, alters the production of a set of phenylpropanoids or flavonoids. Our
data suggest that the identified KFBs serve as proteolytic regulators, by integrating transcriptional and post-translational regulation
mechanisms, to coordinately tune phenylpropanoid-flavonoid production in Arabidopsis photomorphogenesis and stress responses.
Keywords: Ubiquitination; F-box protein; Phenylpropanoid metabolism; Phenylalanine ammonia-lyase; Chalcone synthase
Abstract #285. Cysteine-rich receptor-like kinases control ROS production and signaling (Submission 45)
1
Michael Wrzaczek , Sachie Kimura, Kerri Hunter, Nghia Le Tri, Anne Rokka
1
University of Helsinki, Finland
Biotic and abiotic stresses induce reactive oxygen species (ROS) production in plants as a signalling strategy. The receptor-like protein
kinases (RLKs) are largely responsible for communication between cells and the extracellular environment, and ROS production is a
frequent result of RLK signalling in a multitude of cellular processes (Kimura et al., 2017). However, many of the components for
extracellular ROS perception, signal transmission, and specificity of downstream responses remain unknown. Cysteine-rich receptor-like
kinases (CRKs) represent a large subgroup of RLKs, defined by a conserved pattern of cysteines in their extracellular domain. Based on
their expression profile, loss-of-function phenotypes, and the potential for redox regulation in their extracellular domain, CRKs are
promising candidates to be involved in ROS signalling, potentially as extracellular ROS sensors (Bourdais et al., 2015). We have identified
several CRKs including CRK2, an evolutionarily ancient member of this protein family, as essential components which can directly
phosphorylate and thereby activate plasma membrane-localized NADPH oxidases (respiratory burst oxidase homologs; RBOH) in a
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calcium-independent manner. Intriguingly, the transmembrane protein CRK2 localizes uniformly to the plasma membrane of epidermal
cells under normal growth conditions. However, upon exposure to various stimuli CRK2 localization concentrates in a pattern of
concentrated spots at the plasma membrane, potentially at plasmodesmata. Plasmodesmata localization is also supported by proteomic
data as CRK2 interacts with a number of known plasmodesmal proteins. Together, this suggests a potential role for CRK2 in cell-to-cell
communication via plasmodesmata thereby linking plasmodesmal control to ROS signal transduction. References: Bourdais, et al. 2015.
PLoS Genetics 7(11): e1005373. Kimura, et al. 2017. Accepted in The Plant Cell.
Keywords: reactive oxygen species; receptor-like protein kinase; cysteine-rich receptor-like kinases; pathogen defense; systemic signal
transduction
Abstract #286. Multiple Gene Duplication Mechanisms Contributed Differentially to the Expansion of the Ubiquitin and Ubiquitin-Like
Protein Modifier Superfamily in Plants (Submission 54)
1
Zhihua Hua , Vu, William, Ohio University
1
Ohio University, United States
Ubiquitin (Ub) and Ub-like proteins, collectively forming the ubiquiton family, regulates nearly all aspects of cellular processes via
posttranslational modifications. Studies devoted to specific members suggested that the ubiquiton family had been dramatically
expanded in plants. However, the global picture of this family and the co evolutionary history of individual subfamilies remain unclear. In
this work, we first retrieved in total 5,856 members of 17 known ubiquiton subfamilies in 50 plant genomes by searching both prior
annotations and missing loci in each genome. We then applied this full list to analyze the duplication history of 4 major ubiquiton
subfamilies in plants. We showed that AuTophaGy-related protein 8 (ATG8), Membrane-anchored UB-fold (MUB), Small Ub-Like Modifier
(SUMO), and Ub loci encode 95% of the plant ubiquiton family. While whole genome duplications (WGDs) significantly expanded the
family, each genome has utilized different WGD events. In the family, the ATG8 and MUB members were primarily duplicated through
WGDs whereas a significant number of Ub and SUMO loci were generated through retropostion and tandem duplications,
respectively. The newly discovered retropostion duplication mechanism in the expansion of polyUb genes can better explain the head-totail amplification process of multi intronless Ub moieties in a polyUb gene and the extreme large size of the Ub subfamily in
plants. Taking together, our study demonstrated that the plant ubiquiton members were differentially expanded through multiple WGD
events and other duplication mechanisms and that the prolonged retention of multicopies of ATG8, MUB, SUMO, and the Ub members in
plants is consistent with their important regulatory functions.
Keywords: Ubiquitin (Ub) and Ub-like proteins; superfamily; whole genome duplications; novel evolutionary mechanism; function
Abstract #287. Post-translational regulation of carotenogenic rate-limiting enzyme phytoene synthase comprises proteolysis by Clp
protease and stabilization by ORANGE protein (Submission 79)
1
Li Li , Welsch, Ralf, University of Freiburg, Zhou, Xiangjun, Cornell University, Yuan, Hui Yuan, Cornell University
1
USDA-ARS/Cornell University, United States
Carotenoids are indispensable to plants and humans. Phytoene synthase (PSY) is the rate-limiting enzyme in the carotenoid biosynthesis
pathway. However, its post-translational regulation remains elusive. The Clp protease system constitutes a central part of the plastid
protease networks, but its targets for degradation are not well known. Here we report that the Clp protease along with the carotenogenic
enhancer OR directly mediates the proteostasis of PSY and a number of carotenogenic enzymes cotranslationally in Arabidopsis. PSY was
found to physically interact with several key components of the Clp protease system, including the substrate adaptor ClpS1, chaperones
ClpC and ClpD, and core protease subunits ClpP4 and ClpP6. High levels of PSY and several other carotenogenic pathway enzymes
accumulate in the Clp activity defect mutants clpc1, clpp4 and clpr1-2. The accumulated PSY was found to be mostly enzymatically
inactive, which was confirmed by metabolic flux analysis. PSY protein turnover rate is greatly reduced in clpc1 and clpr1-2, demonstrating
PSY as a substrate of Clp protease and supporting the role of Clp protease in degrading unwanted PSY protein. On the other hand, the
ORANGE (OR) protein positively regulates PSY protein level, enzyme activity, and carotenoid content. OR enhances PSY protein stability
and prevents its turnover by Clp protease. Moreover, significantly higher PSY enzyme activity was observed in the clpc1 x AtOR crossing
line, illustrating that OR promotes the folding of inactive forms of PSY in clpc1 to become active. Taken together, our results show that
PSY protein homeostasis is governed by Clp protease for degradation and OR for stabilization and folding. These findings collectively
provide new insights into the quality control of plastid-localized proteins and establish a hitherto unidentified post-translational
regulatory mechanism to mediate carotenogenesis in plants.
Keywords: phytoene synthase; Clp protease; ORANGE protein; carotenoids; proteostasis
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Abstract #288. F-box decoys reveal the genetic and biochemical roles of plant E3 ubiquitin ligases in plant circadian clock (Submission
82)
1
Chin-Mei Lee , Ann Feke, Christopher Adamchek, Wei Liu, Man-Wah Li, Kristofor Webb, Jose Pruneda-Paz, Eric J. Bennett, Steve Kay,
Joshua M. Gendron
1
Yale University, United States
The ubiquitin proteasome system (UPS) is a major protein degradation pathway that regulates a board range of physiological processes in
all eukaryotes. In plants, SCF (skp, cullin, F-box) complex is the largest family of multi-subunit E3 ligases that target proteins for
polyubiquitination and degradation by 26S proteasome. The F-box proteins which specify target proteins for degradation are the keys to
dissect the pathways regulated by UPS. However, functional studies of F-box proteins are hampered by (1) genetic redundancy caused by
extensive expansion of F-box proteins in plants, and (2) intrinsic short half-lives of their targets. Here, we have developed F-box “decoys”
to overcome these obstacles. Instead of targeting substrates to degradation, F-box decoys stabilize substrates and lead to dominant
negative phenotypes. We have performed a pilot study with the decoys of three partially redundant F-box proteins- ZTL, FKF1 and LKP2,
and successfully separated their overlap functions in regulation of circadian clock and seasonal flowering time. In addition, using
immunoprecipitation followed by mass spectrometry with ZTL, FKF1, and LKP2 decoys, we have identified some known and new
interacting partners. We have demonstrated that CHE, a central clock regulator, is a new ZTL target. To further overcome the timeconsuming validation of E3 ligase-target pairs in plants, here we present a showcase on reconstitution of ZTL directly interacting with and
polyubiquitinating CHE in the mammalian cell culture. We have expanded this strategy to generate Arabidopsis F-box decoy library to
identify novel F-box proteins in regulation of circadian clock. This decoy strategy and validation methods can be further applied to study
other biological pathways and E3 ligases in plants and other systems.
Keywords: E3 ligases; F-box proteins; Circadian clock; Novel genetic and biochemical strategy; Protein degradation
Abstract #289. Defining the O2/NO responsive N-end rule degradome in Arabidopsis (Submission 85)
1
Gunjan Sharma , Boeckx, Tinne, Division of Plant and Crop Sciences, University of Nottingham, Sutton Bonington Campus, Loughborough,
LE12 5RD, UK, Berckhan, Sophie, Division of Plant and Crop Sciences, University of Nottingham, Sutton Bonington Campus,
Loughborough, LE12 5RD, UK, Sousa Correia, Cristina, Division of Plant and Crop Sciences, University of Nottingham, Sutton Bonington
Campus, Loughborough, LE12 5RD, UK, Gladstone, Natasha, Division of Plant and Crop Sciences, University of Nottingham, Sutton
Bonington Campus, Loughborough, LE12 5RD, UK, Holdsworth, Michael J., Division of Plant and Crop Sciences, University of Nottingham,
Sutton Bonington Campus, Loughborough, LE12 5RD, UK
1
Division of Plant and Crop Sciences, University of Nottingham, United Kingdom
Oxygen (O2) plays major role in a variety of plant biochemical and physiological processes. A reduction in available oxygen leads to
hypoxia, caused for example by submergence/waterlogging. Even during sufficient external O2 availability, tissues can experience hypoxic
environments (such as buds, tubers and seeds). Interestingly, some plant processes require a hypoxic environment, such as of maize male
germ line development (1). Therefore, understanding the O2 sensing mechanism in plants is crucial. The sensing of O2 and NO in plants
occurs through the Group VII Ethylene Response transcription factors (ERFVIIs). ERFVIIs are continuously degraded in sufficient O2/NO
availability through the Cys-Arg/N-end rule pathway of targeted proteolysis (2, 3). ERFVIIs, that initiate Met-Cys are degraded because of
the presence of Cys at position 1 following co-translational excision of Met-1 by methionine amino-peptidase; Substrates with Nt-oxidised
Cys (produced in the presence of O2 and NO) are recognised by the N-end rule pathway and ubiquitinated. In silico analysis revealed the
presence of 246 Cys-2 proteins in Arabidopsis (4). We analysed the capacity of selected proteins from this cohort to be substrates of the
Cys-Arg/N-end rule pathway in vitro and in vivo. The effect of O2/NO on stabilization of putative novel N-end rule substrates along with
their functional relevance will be discussed. 1.M. J. Considine et al., Learning To Breathe: Developmental Phase Transitions in Oxygen
Status. Trends Plant Sci 22, 140-153 (2017).2.D. J. Gibbs et al., Homeostatic response to hypoxia is regulated by the N-end rule pathway in
plants. Nature 479, 415-418 (2011).3.F. Licausi et al., Oxygen sensing in plants is mediated by an N-end rule pathway for protein
destabilization. Nature 479, 419-422 (2011).4.D. J. Gibbs, J. Bacardit, A. Bachmair, M. J. Holdsworth, The eukaryotic N-end rule pathway:
conserved mechanisms and diverse functions. Trends Cell Biol 24, 603-611 (2014).
Keywords: Post-transnational regulation; N-end rule; Oxygen; Nitric oxide;
Abstract #290. Thioredoxins as versatile redox regulators of photosynthetic metabolism in fluctuating light environments (Submission
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University of Seville, Geigenberger, Peter, LMU Munich
1
Ludwig Maximilians University Munich, Germany
Thioredoxins (Trx) are small and ubiquitous oxidoreductases with thiol-disulfide exchange activity, which enables the post-translational
modification of target enzyme conformations and redox activation states. In chloroplasts of Arabidopsis, 10 different classical Trx
isoforms are known and represent a light-dependent reduction system connected to the photosynthetic ferredoxin-Trx reductase system.
However, about 10 years ago an additional plastidial Trx-based system was discovered. The NADP-dependent thioredoxin reductase C
(NTRC) contains its own Trx domain next to the NTR domain and acts as redox regulator being independent on the electron transport
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chain of photosynthesis, but relying on NADPH as reducing equivalent. Our research concludes that Trx isoforms of f- and m-type in
combination with NTRC play important roles in regulating distinct functions of the photosynthetic light reaction, the Calvin-Benson cycle,
starch biosynthesis, redox homoeostasis in chloroplasts and growth in general. Most recently, we were postulating a crucial influence of
Trxs on the dynamic acclimation to fluctuating light environments with impacts on photosynthetic performance and plastidial
metabolism. In nature, plants cope strongly fluctuating light intensities and the versatile Trx system might enable efficient responses to
balance these changing environmental conditions.
Keywords: thioredoxin-based redox regulation; photosynthetic carbon metabolism; fluctuating light acclimation
Abstract #291. A plant-specific chaperone required for 26S proteasome assembly (Submission 145)
1
Richard Marshall , Gemperline, David C., University of Wisconsin, Lee, Kwang-Hee, University of Wisconsin, McLoughlin, Fionn.,
Washington University in St. Louis, Zhao, Qingzhen, Washington University in St. Louis, Scalf, Mark, University of Wisconsin, Smith, Lloyd,
M., University of Wisconsin, Vierstra, Richard D., Washington University in St. Louis
1
Washington University in St. Louis, United States
Selective protein degradation in eukaryotes is essential for regulating the abundance of cellular constituents, maintaining proteostasis in
response to environmental challenge, and permitting appropriate developmental transitions. One principle route is the ubiquitinproteasome system (UPS), in which target proteins are tagged with poly-ubiquitin chains that facilitate recognition and degradation by
the 26S proteasome. The proteasome consists of two functionally distinct sub-complexes; the 20S core protease (CP) and the 19S
regulatory particle (RP). A complete proteasome contains at least 64 subunits, whose correct assembly requires an intricate set of
chaperones working in spatiotemporal concert. Mass spectrometric analysis of Arabidopsis 26S proteasomes affinity purified via the CP
or RP identified a suite of interacting proteins, several of which share homology to known yeast or mammalian proteasome assembly
chaperones. These include PBAC1-4 (homologs of the yeast Pba1-Pba2 and Pba3-Pba4 heterodimers) that facilitate CP α-ring assembly,
UMP1 that co-ordinates docking of CP half-barrels, and NAS2, NAS6, HSM3 and RPN14 that assemble the AAA-ATPase ring of the RP. An
uncharacterized protein with no orthologs outside of plants was also abundantly identified, termed PROTEASOME-ASSOCIATED PROTEIN
1 (PAP1). Like PBAC1 and PBAC2, PAP1 contains a C-terminal HbYX motif known to aid its docking between adjacent CP α-subunits. PAP1
appears to form a trimeric complex with PBAC1/2 in planta that binds to CP α-subunits. This complex can complement the canavanine
sensitivity phenotype of a yeast Δpba1 Δpba2 double mutant, with at least two HbYX motifs required. T-DNA insertion mutants in PAP1
and PBAC1 showed reduced proteasome activity, increased accumulation of ubiquitin conjugates, and up-regulation of the transcriptional
regulon responsive to proteotoxic stress. These data thus implicate PAP1 as a component of a novel, plant-specific proteasome assembly
chaperone complex.
Keywords: 26S proteasome; core protease; regulatory particle; proteasome assembly chaperone; ubiquitin
Abstract #292. Mechanism of RNS-dependent S-Nitrosation and Denitrosation of Cytoplasmic S-Nitrosoglutathione Reductase (GSNOR)
from Arabidopsis thaliana (Submission 155)
1
Patrick Treffon , Guerra, Damian, Dept. of Obstetrics and Gynecology, University of Colorado Denver, Aurora, CO, USA, Truebridge, Ian,
Dept. of Biochemistry and Molecular Biology, University of Massachusetts Amherst, Amherst, MA, USA, Ballard, Keith, Dept. of
Biochemistry and Molecular Biology, University of Massachusetts Amherst, Amherst, MA, USA, Vierling, Elizabeth, Dept. of Biochemistry
and Molecular Biology, University of Massachusetts Amherst, Amherst, MA, USA
1
University of Massachusetts Amherst, United States
Reversible S-nitrosation of critical protein cysteines due to reaction with nitric oxide (NO) and its derivatives is a redox-dependent
posttranslational modification that controls plant physiological processes like germination, stomatal closure, root- and pollen growth, as
well as hormonal homeostasis. Regulation of NO-levels in planta is predominantly achieved by reaction of reactive nitrogen species (RNS)
with glutathione (GSH), thereby forming S-nitrosoglutathione (GSNO). GSNO has been proposed to be a principal NO reservoir due to its
stability and the high abundance of GSH in living cells. The homodimeric enzyme S-nitrosoglutathione reductase (GSNOR) attenuates NOdependent effects by catabolizing GSNO. GSNO-breakdown is believed to sustain cellular redox poise both by curtailing RNS-bursts and
by regenerating GSH. GSNOR contains evolutionary-conserved cysteine residues that are prone to S-nitrosation by the NO donors GSNO,
S-Nitroso-N-acetylpenicillamine (SNAP) or S-nitrosocysteine (CysNO), leading to a partial loss of enzyme activity that could be recovered
by reducing agents in vitro. Protein nitrosation was further confirmed by intact mass spectrometry, for which signals consistent with
mono-, di- and tri-nitrosation were observed. In addition, GSNOR denitrosylation analysis catalyzed by small oxidoreductases will be
addressed. These data strongly implicate a mechanism for RNS signaling by modulating redox-dependent posttranslational modifications
of certain proteins. Reduced GSNOR activity is predicted to result in the accumulation of GSNO, itself an agent of protein S-nitrosation. By
allowing GSNO to accumulate, down-regulation of GSNOR may facilitate more robust NO signaling.
Keywords: S-nitrosation; reactive nitrogen species; S-nitrosoglutathione reductase (GSNOR); redox-dependent posttranslational
modification, cysteine,
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Abstract #293. Protein Disaggregase HSP101 Interacts with the 26S Proteasome and Facilitates Protein Degradation. (Submission 157)
1
Fionn McLoughlin , Minsoo Kim, Mary Fowler, Richard D. Vierstra, Elizabeth Vierling
1
Washington University, United States
Proteins that are vital to cell survival can become unfolded during heat stress, leading to the formation of toxic aggregates. Molecular
chaperones, proteases and autophagic pathways are required to protect cells from the accumulation of protein aggregates. Small Heat
Shock Proteins (sHSP) form a first line of defense by binding to unfolding proteins to prevent irreversible protein aggregation. Heat Shock
Protein (HSP) 101 subsequently acts as a protein disaggregase to re-solubilize misfolded proteins complexed with sHSPs. Analysis of the
insoluble protein fraction after heat stress in Arabidopsis revealed that sHSP-bound proteins are retained longer in the insoluble cell
fraction in an hsp101 null mutant. To determine how aggregated proteins are further processed, co-affinity purification of HSP101 was
conducted to identify putative co-factors. Several subunits of the 26S-proteasome lid-complex were found associated with HSP101. Polyubiquitinated proteins accumulated more abundantly in the hsp101 mutant and in sHSP-RNAi lines after heat stress. Additionally,
disaggregation of these poly-ubiquitinated proteins was necessary prior to degradation, suggesting that the interaction of Hsp101 with
the 26S-proteasome facilitates protein degradation. Confocal fluorescence microscopy studies revealed that HSP101 and a 26S
proteasome subunit accumulate in distinct cytosolic foci during heat stress, whereas HSP101 co-localized with sHSPs and the stress
granule marker Poly-A Binding protein 2, suggesting that protein disaggregation and degradation might occur in specialized cytosolic foci.
Proteomic analysis allowed the identification of a substantial number of ubiquitin footprints and a large array of proteins that were
retained in the insoluble fraction. GO-annotation analysis revealed a significant enrichment for RNA-binding proteins, cysteine-type
peptidases, and ubiquitin-protein ligases shedding new light on processes that are affected by heat stress.
Keywords: HSP101 aggregation refolding ubiquitination degradation
Abstract #294. Mass Spectrometric Dissection of the SUMOylation System in Arabidopsis thaliana (Submission 160)
1
Samuel York , Rytz, Therese C., Washington University in St. Louis, Scalf, Mark, University of Wisconsin- Madison, Smith, Lloyd M.,
University of Wisconsin- Madison, Vierstra, Richard D., Washington University in St. Louis
1
Washington University in St. Louis, United States
Small Ubiquitin-like MOdifier (SUMO) is an essential post-translational modification that has been linked to stress tolerance. SUMO
becomes covalently bound to lysine residues of targets via an E1-E2-E3 conjugation cascade, which can then be reversed by deSUMOylating proteases (DSPs) that cleave the isopeptide bond. Using mass spectrometry (MS) in conjunction with a stringent three-step
purification scheme for SUMOylated proteins based on a transgenic line that rescues a sumo1-1 sumo2-1 null mutant with a 6His-SUMO1
transgene, our lab has cataloged more than 1,200 SUMOylation substrates that include factors related to a variety of nuclear processes,
including chromatin accessibility, transcription, DNA repair, and RNA processing and export. By comparing the MS profiles of SUMOylated
proteins in wild-type versus siz1-2 mutant lines, we have assigned a number of targets to this E3 whose functions may explain the stress
hypersensitive siz1 phenotype. Another likely source of diversity in SUMOylation is the more than 15 DSPs found in Arabidopsis, many of
which display distinct locations, cellular, tissue and temporal expression patterns, and unique phenotypes when eliminated. Immunoblot
analyses reveal distinct SUMO profiles for dwarfed esd4-2 plants and salt hypersensitive ots1-1 ots2-1 plants, both of which
hyperaccumulate SUMO conjugates compared to wild-type plants. To identify these DSP targets, we introgressed the esd4-2 and ots1-1
ots2-1 null mutations into 6His-SUMO1 plants for subsequent conjugate purification and MS identification. We are also attempting to
identify SUMO conjugation sites using a 6His-SUMO1(K0) variant designed for footprint mapping by MS. The viability of lysine-less 6HisSUMO1(K0) sumo1-1 sumo2-1 plants shows that SUMO-SUMO and SUMO-Ubiquitin chain formation is not essential in Arabidopsis.
Taken together, this work should enhance our understanding of SUMOylation dynamics and help define its role(s) in plant stress defense.
Keywords: SUMO; post-translational regulation; abiotic stress; mass spectrometry
Abstract #295. Selective Autophagy of BES1 Mediated by Ubiquitin Receptor DSK2 and E3 Ubiquitin Ligase SINAT2 Balances Plant
Growth and Survival (Submission 172)
1
Trevor Nolan , Brennan, Benjamin, Iowa State University, Yang, Mengran, Huazhong Agricultural University, Chen, Jiani, Iowa State
University, Zhang, Mingcai, China Agricultural University, Li, Zhaohu, China Agricultural University, Wang, Xuelu, Huazhong Agricultural
University, Bassham, Diane, Iowa State University, Walley, Justin, Iowa State University, Yin, Yanhai, Iowa State University
1
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Plants encounter a variety of stresses and must fine-tune their growth and stress response programs to best suit their environment. BES1
is a transcription factor that functions as a master regulator in the Brassinosteroid (BR) signaling pathway, directing a transcriptional
network that regulates thousands of genes involved in plant growth, development and stress responses. Despite extensive
characterization of BES1 in carrying out BR-related gene expression, the pathways and components regulating BES1 protein levels are not
completely understood. We found that BES1 interacts with the ubiquitin receptor protein DSK2 and is targeted to the autophagy pathway
during stress via the interaction of DSK2 with ATG8, a ubiquitin-like protein directing autophagosome formation and cargo recruitment
(Nolan et al., 2017, Developmental Cell). DSK2 is phosphorylated by the GSK3-like kinase BIN2, a negative regulator in the BR pathway.
BIN2 phosphorylation of DSK2 flanking its ATG8 interacting motifs (AIMs) promotes the interaction of DSK2 with ATG8, thereby targeting
BES1 for degradation. Accordingly, loss-of-function dsk2 mutants accumulate BES1, have altered global gene expression profiles, and
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have compromised responses to drought and fixed-carbon starvation stresses. Additionally, we found that SINAT family E3 ubiquitin
ligases target BES1 for degradation in response to light (Yang et al., 2017, Developmental Cell) and during starvation stress conditions
(Nolan et al., 2017, Developmental Cell). Our results thus reveal a previously unknown process by which plants coordinate growth and
stress responses by targeting a central growth regulator to the selective autophagy pathway and illustrate the mechanisms controlling
this process by identifying DSK2 as the autophagy receptor for BES1 and SINAT as an E3 ligase controlling BES1 degradation. This research
is supported by grants from NSF (IOS1257631), NIH (1R01GM120316) and the Plant Science Institute at Iowa State University.
Keywords: Autophagy; Ubiquitin; Brassinosteroid; Drought; E3 Ubiquitin Ligase
Abstract #296. The interplay between alternative polyadenylation and RNA quality control as a potential mechanism to respond to
environmental stress in Arabidopsis (Submission 177)
1
Laura de Lorenzo , Sorenson, Reed, University of California., Bailey-Serres, Julia, University of California., Hunt, Arthur G., University of
Kentucky.
1
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A major challenge of modern agriculture is to maintain crop production under adverse environmental conditions. One molecular
response to such challenges involves the alternative polyadenylation (APA) of mRNA. In plants, it is unclear how stress affects the
production and fate of alternative mRNA isoforms. Using a genome-scale approach, we show how the alternative polyadenylation
contribute to gene regulation in response to hypoxia stress, analyzing the stabilities and translatabilities of Arabidopsis RNA isoforms
derived from proximal poly(A) site usage, and their production under this condition. The results suggest that each class of RNA isoform
has different properties. Thus, hypoxia stress lead to increases in all noncanonical mRNA isoforms (polyadenylated 3’ ends that map to
5’-UTRs, introns and protein-coding regions). RNAs with 3’ ends within protein-coding regions and introns were less stable than mRNAs
that end at 3’-UTR poly(A) sites and were under-represented in polysomes, suggesting that these RNA isoforms may be subject to qualitycontrol processes associated with nonsense-mediated decay or non-stop decay (for intronic and protein-coding region isoforms,
respectively). In contrast, mRNA isoforms with 3’ ends that lie within annotated 5’-UTRs were over-represented in polysomes, and were
as stable as canonical mRNA isoforms. Likewise, different Arabidopsis mutants implicated in RNA quality control and post-transcriptional
gene silencing were evaluated using 3’-end-directed cDNA tags libraries. Taken together, these results show that alternative poly(A) site
choice may re-direct transcriptional output into products that are subject to surveillance processes, and thus may constitute a form of
negative regulation. In addition, they suggest that transcripts derived from polyadenylation within 5’-UTRs may be a novel class of RNA,
whose roles in gene expression are as yet unclear.
Keywords: Alternative polyadenylation, RNA quality control, translatome, next generation sequencing, hypoxia
Abstract #297. Light Dependent Degradation of PIF3 via SCFEBF1/2 Promotes the Photomorphogenic Response in Arabidopsis
(Submission 207)
1
JIE DONG , Ni, Weimin, UC Berkeley, Yu, Renbo, Peking University, Deng, Xingwang, Peking University, Chen, Haodong, Peking University,
Wei, Ning, Yale University
1
Yale University, United States
Plant seedlings emerging from darkness into the light environment undergo photomorphogenesis, which gives them the form and
biochemistry for photosynthesis. During this transition, plants must rapidly remove photomorphogenic repressors accumulated in the
dark. Among them is PHYTOCHROME-INTERACTING FACTOR 3 (PIF3), a key transcription factor promoting hypocotyl growth against light
activity. Here we report that, in response to light activation of phytochrome photoreceptors, EIN3-BINDING F BOX PROTEINs (EBFs), EBF1
and EBF2, mediate PIF3 protein degradation in a manner dependent on light-induced phosphorylation of PIF3. While PIF3 binds EBFs
independently of light, the recruitment of PIF3-EBFs to the core SCF scaffold is facilitated by light signals or PIF3 phosphorylation. We also
found that LRB E3 ubiquitin ligases target PIF3 and phyB primarily under high light conditions, whereas EBF1/2 vigorously target PIF3
degradation under wide light ranges without affecting phytochromes. Thus, SCFEBF1/2 act as the photomorphogenic E3s at both genetic
and molecular levels.
Keywords: Light Signal Transduction; PIF3; protein degradation; Phosphorylation; SCF
Abstract #298. Protein-protein interaction network and metabolite channeling in plant mitochondrial tricarboxylic acid cycle
(Submission 233)
1
Toshihiro Obata , Zhang, Youjun, Max-Planck-Institute of Molecular Plant Physiology, Beard, Katherine FM, University of Oxford, Swart,
Corné, Max-Planck-Institute of Molecular Plant Physiology, Nikoloski, Zoran, Max-Planck-Institute of Molecular Plant Physiology, Graf,
Alexander, Max-Planck-Institute of Molecular Plant Physiology, Ratcliffe, R George, University of Oxford, Sweetlove, Lee J, University of
Oxford, Fernie, Alisdair R, Max-Planck-Institute of Molecular Plant Physiology
1
University of Nebraska Lincoln, United States
Plant mitochondrial tricarboxylic acid (TCA) cycle is known to be dynamically regulated in relation to the metabolic context. We
hypothesized that the interaction of enzyme proteins mediating metabolic channeling, called as “metabolon”, is a part of regulatory
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mechanism of this pathway. In order to identify which parts of the pathway form metabolon, the binary interactions of 38 TCA cycle
related enzymes of Arabidopsis were tested. Assuming transient nature of enzyme-enzyme interactions, three independent techniques,
affinity purification-mass spectrometry (AP-MS), split-luciferase and yeast two-hybrid assays, are used to increase the chance of capturing
weak interactions. The (semi-)quantitative scores generated by each method were compromised by a STATIS based method to generate
single score reflecting the reliability of the interaction. Within 741 tested binary protein pairs, 158 were revealed to interact. These pairs
include the protein pairs of known enzyme complexes as well as those between catalytic subunits mediating sequential reactions of the
cycle, including fumarase/malate dehydrogenase (MDH), MDH/citrate synthase (CSY), CSY/aconitase and aconitase/isocitrate
dehydrogenase. Channeling of fumarate and citrate were demonstrated by isotope dilution experiments with isolated potato
mitochondria. These results indicate presence of MDH/CSY metabolon in plant mitochondria and suggest the conserved composition of
metabolon among kingdoms of life. We also identified many interactions between enzymes which do not catalyze adjacent reactions in
the TCA cycle. Additionally AP-MS analysis suggested mitochondrial proteins which can interact with TCA cycle enzymes. Possible
functions of these interactions will also be discussed.
Keywords: protein-protein interaction; metabolic regulation; metabolite channeling; tricarboxylic acid cycle; metabolon
Abstract #299. Regulation of AGO1 homeostasis by the F-box protein FBW2 (Submission 305)
1
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1
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RNA silencing is a molecular mechanism, which uses small non-coding RNA molecules to negatively regulate gene expression through the
activity of ARGONAUTE proteins. It is used by most Eukaryotes to shape their transcriptome and cope with changes and stresses
disturbing their developmental program. RNA silencing also plays a major role in antiviral defense in plants and inverterbrates. In
Arabidopsis thaliana, loss or reduced activity of the main miRNA effector ARGONAUTE1 (AGO1) leads to death or severe developmental
defects. Interestingly, overaccumulation of AGO1 also harms plant development. Although AGO1 expression is tightly controlled by an
autoregulatory loop in which AGO1 targets its own messenger, little is known about its post-translational regulation. In plants, the Turnip
Yellow Virus triggers the autophagic degradation of AGO1 by hijacking the ubiquitin machinery with the viral F-box protein P0. This raises
the question of an endogenous regulation of AGO1 at the protein level.Our work focuses on FBW2, an A.thaliana F-box protein that has
previously been shown to affect AGO1 homeostasis. Here we could show that FBW2 co-immunoprecipitates with components of the SCF
complex, a common E3 ubiquitin-ligase, and interacts directly with AGO1. FBW2 triggers the degradation not only of AGO1, but also other
AGO proteins. Interestingly, FBW2 itself is an unstable protein subjected to proteasomal degradation. While loss or overexpression of
FBW2 has a limited impact on AGO1 protein level in a wild-type genetic background, it drastically affects AGO1 stability in mutants
deficient in the biogenesis of small RNAs, suggesting a role of FBW2 in the turnover of the unloaded form of AGO1. Notably,
overexpression of FBW2 does not suppress RNA silencing which is in contrast to the poleroviral F-box protein P0. Together, these results
highlight a novel role for FBW2 in the control of AGO1 homeostasis and provide new insights in post-translational control of the plants
silencing machinery.
Keywords: RNA silencing; F-box; Ubiquitin; Proteolysis
Abstract #300. Does the circadian clock regulate ribosomal protein S6 phosphorylation? (Submission 344)
1
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1
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The circadian clock orchestrates a substantial portion of plant gene expression, including at the level of translation. Specifically, our lab
recently established that ribosome loading of individual Arabidopsis mRNAs fluctuates over the diel day-night cycle in a way that is jointly
orchestrated by the circadian clock and external stimuli. For example, ribosomal protein mRNAs display coordinated ribosome loading
that mainly peaks at night. Phosphorylation of certain ribosomal proteins has been shown to fluctuate over the diel cycle. One such
protein is RIBOSOMAL PROTEIN of SMALL SUBUNIT 6 (RPS6), which undergoes phosphorylation at multiple residues in its C-terminal tail
and is under the control of the TOR pathway. In other organisms, the role of the clock and energy metabolism for translation has also
been approached, but clock control of pRPS6 has not been examined in the absence of exogenous sugars. Here, we show that phosphoRPS6 (pRPS6) cycles over a light-dark cycle in both wild type and the clock deficient CCA1-overexpressing strain. In wild type plants grown
under constant light (cLL), pRPS6 does not cycle but fluctuates in an erratic fashion. These data suggest that the clock is neither necessary
nor sufficient for pRPS6 cycles. Instead, given that shifts between light and darkness profoundly affect pRPS6, as do abiotic stress
treatments, it appears that pRPS6 is under light control and it integrates light and stress signaling pathways. We also show that pRPS6 is
regulated in a site-specific fashion in a polysome context, especially at night. This phosphorylation pattern in the polysomes is in turn
affected by stress treatments such as cold stress and heat shock. Although the regulation of pRPS6 is well conserved in higher eukaryotes,
its precise role remains obscure. Therefore, our result that pRPS6 is independent of clock function yet highly correlated with polysome
loading helps to narrow down the possible physiological role of this enigmatic event.
Keywords: Phosphorylation of a ribosomal protein
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Abstract #301. Exploration of regulatory mechanisms underlying ABA-independent SnRK2s activation under osmotic stress conditions
(Submission 350)
1
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University of Tokyo, Japan, Takahashi, Fuminori, Center for Sustainable Resource Science, RIKEN, Japan, Shinozaki, Kazuo, Center for
Sustainable Resource Science, RIKEN, Japan, Yamaguchi-Shinozaki, Kazuko, Graduate School of Agricultural and Life Sciences, The
University of Tokyo, Japan
1
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Subclass III SnRK2 protein kinases, central positive regulators of ABA signaling downstream of PYR/PYLs/RCARs ABA receptors,
orchestrate ABA-regulated molecular responses, including the induction of stress-responsive genes via activating AREB/ABF transcription
factors under osmotic stress conditions. Seed plants have acquired other types of ABA-unresponsive, osmotic stress-activated SnRK2s;
subclass I SnRK2s. Subclass I SnRK2s regulate mRNA decay via phosphorylating VARICOSE, an mRNA decapping activator, and alleviate
growth retardation under osmotic stress conditions in Arabidopsis (Soma and Mogami et al., 2017). Despite their pivotal roles in adaptive
responses under water-deficit stress conditions, regulatory mechanisms underlying the activation of these kinases remain largely
unknown. In this study, to address regulatory mechanisms underlying ABA-independent SnRK2s activation, we sought to identify novel
interactors of SnRK2s by employing an improved Co-IP method and LC-MS/MS. Several candidates including protein kinases and
phosphatases were identified as novel interactors of SnRK2s. Some of them are confirmed to physically interact with SnRK2s. Molecular
and functional relationship between SnRK2s and these novel interactors will be discussed.
Structural Biology:
Abstract #302. Photosensing and Thermosensing by Phytochrome B Requires both Proximal and Distal Feature within the Dimeric
Photoreceptor (Submission 143)
1
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1
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Phytochromes (Phys) are a collection of bilin-containing photoreceptors that help plants perceive their ambient light environment
through photointerconversion between red-light (Pr)-and far-red light (Pfr)-absorbing states. Pfr also reverts back to Pr by a lightindependent reaction, which for some Phy isoforms is highly sensitive to temperature, thus allowing them to act as temperature sensors.
Crystallographic studies of Arabidopsis PhyB and bacterial relatives expressed recombinantly revealed that multiple features within the
photosensory module work collectively to transduce angstrom-scale changes in the bilin into nanometer-scale movements within the
dimeric complex. Through domain analysis of PhyB coupled with photoconversion and thermal reversion assays, we identified several
features that impact Pr-Pfr interconversion. These include the C-terminal histidine-kinase-related domain that encourages dimerization,
the PHY-domain hairpin, and a highly-conserved patch just upstream of the N-terminal Period/Arnt/Sim (PAS) domain, which upon
removal generates variants with dramatically accelerated thermal reversion rates. We also discovered that the nature of the bilin
influences Pfr stability. Whereas incorporation of the native bilin phytochromobilin into PhyB generates a photoreceptor with a robust
Pfr-to-Pr thermal reversion rate, that assembled with the cyanobacterial version, phycocyanobilin, containing an ethyl instead of a vinyl
side chain at the C18 position, has a dramatically stabilized Pfr. To understand the photoconversion process in detail, we have applied
serial femtosecond X-ray diffraction to a bacterial Phy from Dienococcus radiodurans. Preliminary data captured the first 3-D snapshot of
the Pr-Pfr photoconversion at physiological temperatures with initial movements centered at the D pyrrole ring of the bilin. Collectively,
our studies should facilitate the redesign of Phys for improved crop production and as optogenetic tools.
Keywords: phytochromes; photoreceptors; X-ray crystallography; single-particle electron microscopy; serial femtosecond crystallography
Abstract #303. Mechanistic insights into floral shedding (Submission 209)
1
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1
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Plants constantly renew during their life cycle and thus require to shed senescent and damaged organs. Floral abscission is controlled by
the leucine-rich repeat receptor kinase (LRR-RK) HAESA and the peptide hormone IDA. It is unknown how expression of IDA in the
abscission zone leads to HAESA activation. Here we show that IDA is sensed directly by the HAESA ectodomain. Crystal structures of
HAESA in complex with IDA reveal a hormone binding pocket that accommodates an active dodecamer peptide. A central hydroxyproline
residue anchors IDA to the receptor. The HAESA co-receptor SERK1, a positive regulator of the floral abscission pathway, allows for highaffinity sensing of the peptide hormone by binding to an Arg-His-Asn motif in IDA. This sequence pattern is conserved among diverse
plant peptides, suggesting that plant peptide hormone receptors may share a common ligand binding mode and activation mechanism
Keywords: receptor kinase, cell separation, membrane signaling, structure biology, ligand sensing mecahanism
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Abstract #304. An Arabidopsis MUB E2 Structure Reveals New Regulatory Opportunities in the Ubiquitin System (Submission 247)
1
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Louis University Biology, Koroleva, Olga, Saint Louis University Biochemistry, Korolev, Sergey, Saint Louis University Biochemistry
1
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Ubiquitin (Ub) is a protein modifier that controls processes ranging from protein degradation to endocytosis, but early-acting regulators
of the three-enzyme ubiquitylation cascade are unknown. Here, we report that the prenylated Membrane-anchored Ubiquitin-fold
protein (MUB) is an early-acting regulator of subfamily specific E2 activation. An AtMUB3:AtUBC8 co-crystal structure defines how MUBs
inhibit E2~Ub formation using a combination of E2 backside binding and a MUB-unique Lap Bar Loop (LBL) to block E1 access. Since MUBs
tether Arabidopsis Group VI E2 enzymes (related to HsUbe2D and ScUbc4/5) to the plasma membrane, and inhibit E2 activation at
physiological concentrations, they should function as potent plasma membrane localized regulators of Ub chain synthesis in eukaryotes.
Our findings define a biochemical function for MUB, a family of highly conserved Ub-fold proteins, and provide the initial example of
selective activation between cognate Ub E2s, previously thought to be constitutively activated by E1s.
Keywords: E1, E2, Ubiquitin, MUB, Membrane-anchored Ubiquitin-fold
Abstract #305. Evolutionary conservation of structure and function in the plant aldehyde dehydrogenase 12 family (Submission 259)
1
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The aldehyde dehydrogenase (ALDH) superfamily of enzymes catalyzes a broad range of biologically important reactions. Although
several ALDH subfamilies have been thoroughly characterized structurally, biochemically, and genetically, other ALDH superfamily
members remain uncharacterized. One such subgroup is ALDH12 from plants. ALDH12 has been annotated as possessing the function of
L-glutamate-γ-semialdehyde dehydrogenase (GSALDH, also called ALDH4A1). GSALDH proteins function in the second step of proline
catabolism, which is a two step process in which proline is converted to glutamate. Interestingly, ALDH12 family members from plants
bear very low sequence identity to the annotated GSALDH isozymes (<30% identity). Herein, we describe the structural and biophysical
characterization of Zea mays ALDH12. Further, we document a structure determination pipeline for solving the phase problem for
proteins that share very low sequence identity to proteins currently in the Protein Data Bank. ZmALDH12 is a novel member of the
GSALDH family of enzymes. Although the active site bears strong resemblance to ALDH4A1 isozymes from other organisms, the overall
quaternary structure is novel for GSALDHs. SAXS and analytical ultracentrifugation analysis reveal ZmALDH12 is tetrameric in solution.
Shape reconstruction from experimental SAXS data reveals the in solution tetramer is consistent with the in crystallo tetramer. Overall,
our analysis provides both a method for difficult structural determination by molecular replacement and structural analysis of a novel
plant enzyme that broadens the complexity of the ALDH superfamily.
Keywords: structural biology; proline catabolism; X-ray crystallography; small angle X-ray scattering; analytical ultracentrifugation
Abstract #306. Signaling mechanism of UV-B photoreceptor from Arabidopsis (Submission 260)
1
Xiaojing Yang , Zeng, Xiaoli, University of Illinois at Chicago, Ren, Zhong, University of Illinois at Chicago, Montano, Sherwin, University of
Illinois at Chicago, Zhao, Kaihong, Huazhong Agricultural University
1
University of Illinois at Chicago, United States
UVR8 is a plant photoreceptor that mediates responses to UV-B (280-315 nm) of the solar spectrum [1]. UVR8 perceives UV-B signals via
light-induced dimer dissociation, which triggers a range of cellular responses including photo-morphogenesis, circadian rhythm and
photo-protection [2,3]. UVR8 is unique among all known photoreceptors: it does not require cofactors to capture a UV photon. Static
crystal structures and mutational studies suggested that clustered tryptophan residues at the dimer interface are responsible for UV-B
perception in Arabidopsis thaliana UVR8 (AtUVR8) [4,5]. We employed dynamic crystallography to study the photoperception mechanism
of AtUVR8, in particular, light-induced structural events leading up to dimer dissociation remain elusive at the molecular level.
Specifically, we applied temperature-scan cryo-crystallography [6] to capture transient light-induced signaling events in photoactive UVR8
crystals [7]. We have determined structure intermediates at 1.6 Å resolution that correspond to early structural events on the ps-ns time
scale [8]. Direct observations of light-induced structural changes unambiguously establish the origin or epicenter of UV-B signaling in the
AtUVR8 structure, and reveal a sequence of molecular events beyond the epicenter that eventually lead to dimer dissociation [7]. We
also examine the role of each tryptophan residue as a pigment based on the TDDFT calculations and propose that UV-absorbing residues
in UVR8 collectively constitute a light-harvesting antenna similar to those in cyanobacteria and plants [7,9]. These antenna pigments
collect broadband UV-B irradiation, funnel excitation energy to the epicenter and trigger a UV-B-induced structural
signal.References[1] G. I. Jenkins, Plant Cell Online 26, 21 (2014). [2] G. I. Jenkins, Annu. Rev. Plant Biol. 60, 407 (2009). [3] M. Heijde
and R. Ulm, Trends Plant Sci. 17, 230 (2012). [4] J. M. Christie, et al. Science 335, 1492 (2012). [5] D. Wu, et al. Nature 484, 214 (2012).
[6] X. Yang, et al. Nature 479, 428 (2011). [7] X. Zeng, et al. Nat. Plants 1, 14006 (2015). [8] Z. Liu, et al. J. Phys. Chem. Lett. 5, 69
(2014). [9] Q. Wu, et al. Phys. Chem. Chem. Phys. 17, 10786 (2015).
Keywords: dynamic crystallography; photoreceptor; light-induced structural changes
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Systems or Synthetic Biology, Bioinformatics, Modeling:
Abstract #307. Assembling the Arabidopsis Mitochondrial DNA Replisome (Submission 126)
1
Stewart Morley , Nielsen, Brent, BYU
1
Brigham Young University, United States
Replisomes include proteins and interactions required to replicate DNA and include origin-binding proteins, DNA helicases, DNA
primases, and DNA polymerases. Replisomes required for nuclear DNA replication are much more complex than those required for
mitochondrial DNA replication. Typically, mitochondrial replisomes consist of fewer proteins that are bacterial in nature. Plant
mitochondria have a unique nuclear-encoded set of proteins to replicate DNA, which are orthologous to proteins found in mitochondria
from other species. For example, Arabidopsis possesses two mitochondrial DNA polymerases called Pol1A and Pol1B which are
orthologous to human mitochondrial DNA POLgamma. Similarly, Arabidopsis possesses a helicase-primase protein called Twinkle which is
orthologous to the human TWINKLE protein. In vitro studies have reconstituted the human minimal mitochondrial DNA replisome. This
replisome consists of POLgamma and TWINKLE and is enhanced by the presence of single-stranded DNA binding protein (mtSSB).
Similarly, the T7 phage replisome consists of the proteins gp5 (DNA polymerase), gp4 (helicase-primase), and gp2.5 (single stranded
binding protein). We hypothesize that Arabidopsis maintains a similar minimal mitochondrial replisome consisting of Pol1A or Pol1B
interacting with the Twinkle DNA helicase-primase and mtSSB. When performing a multiple sequence alignment of these Arabidopsis
proteins to similar proteins in other plants, we observe regions of homology and variability. While the homologous regions represent the
conserved domains of each protein, we hypothesize that the variable regions correspond to areas where the proteins interact with each
other. Using a yeast-two-hybrid approach, we are directly measuring which domains of each protein interact with one another.
Keywords: mitochondria; replisome; DNA replication; Yeast two hybrid
Abstract #308. Prolines in transit peptides are crucial for efficient translocation of preproteins into chloroplasts (Submission 276)
1
Dong Wook Lee , Hwang, Inhwan, Pohang University of Science and Technology
1
Pohang University of Science and Technology, Korea, Republic of
Chloroplasts import different types of preproteins as linear polypeptides through import channels. Toc75 functions as a common channel
for importing all proteins through the outer envelope of the cell membrane, and the N-terminal signal sequence or transit peptide (TP)
contains all the necessary information for import into chloroplasts through the Toc75 channel. However, despite a great deal of study on
protein import into chloroplasts, the exact mechanism remains elusive. Herein, we provide evidence that proline residues in the TP are
crucial for efficient translocation of preproteins through the chloroplast envelope. Proline-less TPs were defective to varying degrees,
depending on the type of protein imported; soluble proteins displayed only a minor defect, whereas transmembrane domain (TMD)containing or aggregation-prone proteins showed severe defects, and were inappropriately localized at the envelope membrane or
formed aggregates, respectively. The import defects of TMD-containing preproteins with proline-less TPs were phenocopied in hsp93-V
plants and additive with the defect of hsp93-V. Based on these results, we propose that proline residues in TPs play a crucial role in the
efficient translocation of preproteins through channels, particularly those with TMD(s).
Keywords: chloroplast biogenesis; transit peptides; protein translocation; proline residues; Hsp93 chaperone
Abstract #309. Synthetic Approach Reveals Dynamic Auxin Signaling in Arabidopsis and Maize (Submission 374)
1
Britney Moss , Galli, Mary, Waksman Institute, Rutgers University, Gallavotti, Andrea, Waksman Institute, Rutgers University
1
Whitman College, United States
The hormone auxin regulates myriad processes during the life of a plant - from root and shoot development to environmental responses.
Understanding how auxin regulates such diverse processes necessitates characterization of the specific signaling modules (receptors,
repressors, transcription factors) that enable plant cells to detect and respond to auxin. Recapitulation of the Arabidopsis nuclear auxin
signaling system in yeast has shown that auxin repressors (Aux/IAAs) exhibit a range of auxin-induced degradation rates which can be
tuned depending on identity of the co-expressed auxin receptor and of specific amino acid sequences within the repressors. Subsequent
plant studies confirmed that Aux/IAAs show similar degradation differences in Arabidopsis and that Aux/IAA degradation dynamics are
highly correlated with the rate of developmental events. We are now using the yeast system to functionally annotate auxin signaling
modules in the crop plant maize. The ultimate goal is to define and characterize components of auxin signaling modules crucial during
development of maize reproductive structures, the tassel and the ear. We have shown that a subset of maize Aux/IAAs known to be
expressed in reproductive tissues can be fluorescently-tagged, expressed in yeast, and fluorescence levels detected by microscopy and
fluorescence flow cytometry. Additionally, maize Aux/IAAs expressed in yeast were degraded in the presence of auxin and an Arabidopsis
auxin receptor protein. We are currently exploring the range of auxin response dynamics for the full cadre of maize Aux/IAAs expressed
in reproductive tissue, and have plans to expand these studies to include maize auxin receptors and transcription factors.
Keywords: auxin; synthetic biology; Aux/IAA; yeast; development
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Abstract #310. Araport: The Arabidopsis Information Portal (Submission 378)
1
Chris Town , Agnes Chan, J. Craig Venter Institute, Vivek Krishnakumar, J. Craig Venter Institute, Sergio Contrino, University of Cambridge,
Erik Ferlanti, Texas Advanced Computing Center, Josue Coronel, Texas Advanced Computing Center, Joe Stubbs, Texas Advanced
Computing Center, Rion Dooley, Texas Advanced Computing Center, Stephen Mock, Texas Advanced Computing Center, Gos Micklem,
Texas Advanced Computing Center, Matt Vaughn, Texas Advanced Computing Center
1
J. Craig Venter Institute, United States
Araport (https://www.araport.org) provides a one-stop data platform for Arabidopsis and other plant scientists. In Araport, users can
search, analyze, and download a wide array of data through the core components ThaleMine and JBrowse. Araport has also released an
extensive annotation update, Araport11, for the Col-0 reference genome. ThaleMine is a data warehouse for retrieving the latest
Araport11 genome annotation, integrated with RNA-seq expression, coexpression, physical and genetic interactions, pathways, seed
stocks, publications, and more. ThaleMine also provides a user-friendly interface for running gene list enrichment analysis, building data
queries, exporting data tables, and saving/sharing work. Araport11 is a comprehensive annotation update for both gene models and
functional assignments using over 100 public RNA-seq datasets. The update includes validating and adding splice isoforms, as well as
genomic features such as novel transcribed regions, non-coding gene classes, upstream open reading frames (uORFs), and
pseudogenes.To promote and enhance data sharing by community members using Araport, the next phase of the project will include
developing simple mechanisms for users to automatically integrate their data sets (including metadata) with Araport for discovery and
reuse by other researchers. For example, users would be able to create public data tracks (e.g. RNA-seq alignments or expression profiles,
community genome annotation, other genomic features) in the Araport JBrowse, simply by providing the appropriate GFF or BAM file
along with its associated metadata.The Arabidopsis Information Portal is funded by a grant from the US National Science Foundation
(#DBI-1262414) and co-funded by a grant from the UK Biotechnology and Biological Sciences Research Council (BB/L027151/1).
Keywords: Genomics; Bioinformatics; Data Integration; Data Analysis;
Abstract #311. Modeling the transcriptional circuit regulating secondary cell wall biosynthesis (Submission 385)
1
Gina Turco , Hannah Vahldick, Diane Han, Michael Savageau, Siobhan Brady
1
UC Davis, United States
Plant secondary cell walls (SCWs) are integral in cell morphology, mechanical support and transport of solutes and nutrients in the plant.
The SCW is also a major renewable resource. It is comprised predominately of the polymers cellulose, hemicellulose and lignin. These
polymers are important in the production of paper, pulp, feedstock and biofuel. By changing the composition of these polymers we can
generate higher yielding biomass/biofuel crops. This project focuses on the transcriptional regulation guiding deposition of the SCW in
xylem cells. The xylem SCW comprise the majority of plant biomass. The aim of my project is to model the transcription factors (TFs)
governing xylem SCW biosynthesis for development of high biomass crops.We recently mapped the transcriptional regulatory network
(TRN) modeling xylem SCW biosynthesis in Arabidopsis. Within our TRN I identified the presence of 99 feed forward loop (FFL) regulatory
motifs. Mathematical modeling of FFLs and in vivo experiments in single celled organisms suggest that these FFLs produce distinct
regulatory behaviors, such as pulses in expression, delays in expression and switch like behaviors. Little is known about the regulatory
behaviors afforded by these FFLs in multicellular organisms like plants. I hypothesize that FFLs are important in plants, and in particular in
confirming tight spatial regulation of SCW biosynthesis.
Keywords: xylem; transcriptional regulatory network; computational modeling
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Translational Biology:
Abstract #312. Effect of higher ploidy levels on plant growth and biomass composition (Submission 22)
1
Sander Corneillie , Vanholme, Bartel, PSB-VIB UGent, Boerjan, Wout, PSB-VIB UGent
1
VIB-UGent, Belgium
Improving plant production is a necessity to guarantee food security in the face of a rapidly growing world population. In addition, plant
biomass is currently the only available renewable feedstock to replace petro-based chemicals. In order to increase the use of
lignocellulosic biomass as a sustainable source for the bio-economy, both biomass production and composition need to be optimized.
Polyploidization or whole genome duplication can play a role in achieving these goals. The increase in biomass yield upon polyploidization
is well known, but the effect on biomass composition is less well studied. To get additional insights into the effects of polyploidization on
plant growth and biomass composition, we decided to study the growth, yield, and biomass composition of a series of autopolyploid
Arabidopsis thaliana Col-0 plants, including tetraploids, hexaploids and octaploids. Besides an elaborate phenotypic analysis whereby
different growth parameters were determined, we performed a thorough cell wall characterization and performed saccharification
experiments on the dry biomass. It is to our knowledge the first time that trends in growth and biomass composition were quantified in a
set of plants which differ only in their degree of ploidy. Besides the fundamental insights, our research shows that polyploidy could
potentially play a role in breeding programs to obtain economically valuable plants that could be used as a feedstock for the bio-economy
Keywords: Polyploidy; Biomass composition; Biofuels; Cell wall
Abstract #313. Rapidly domesticating the new oilseed crop pennycress (Thlaspi arvense) by translating findings from Arabidopsis
research (Submission 68)
1
Michaela McGinn , Johnson, Evan, University of Minnesota, Esfahanian, Malihe, Illinois State University, Daniels, Erin, University of
Minnesota, Marks, M. David, University of Minnesota, Sedbrook, John, Illinois State University
1
Illinois State University, United States
Pennycress (Thlapsi arvense) is a member of the Brassicaceae family closely related to Arabidopsis that holds considerable agronomic and
economic potential as a winter annual oilseed cover crop. Pennycress possesses a unique combination of attributes including extreme
cold tolerance, rapid growth, over-wintering growth habit, and a natural ability to produce copious amounts of seeds high in oil and
protein. Pennycress could generate billions of liters of oil annually throughout temperate regions of the world without displacing food
crops or requiring land use changes, e.g. growing double-cropped between corn and soybeans in otherwise vacant fields. The diploid
genome of pennycress has been sequenced, revealing it shares 85% sequence identity with the Arabidopsis genome. The limited genetic
divergence between Arabidopsis and pennycress allows straightforward translation of knowledge gathered from decades of Arabidopsis
research. We have generated large pennycress EMS mutant populations and identified mutants/mutations equivalent to those identified
in Arabidopsis. Large forward genetic screens have uncovered many mutants with improved agronomic traits including reduced seed
dormancy, reduced seed pod shatter, improved oil quality, and improved seed meal quality. We have also developed an Agrobacteriummediated floral dip transformation protocol and used the CRISPR-Cas9 genome editing technique to generate loss-of-function mutations
in trait-improving genes including FATTY ACID ELONGASE (FAE1; resulted in the “zero erucic acid” seed oil trait equivalent to canola). This
presentation will highlight the genetic and germplasm resources we have developed, the rapid progress we have made in domesticating
pennycress, and the utility of pennycress as a model system.
Keywords: Pennycress; Biodiesel; Biofuel: Model/Crop system translation and conversion; CRISPR-Cas9
Abstract #314. Stress granules-mediated translational control of the plant immunity triggered by salicylic acid (Submission 69)
1
Mian Zhou , Wang, Wei, Iowa State University
1
Iowa State University, United States
Stress granules (SGs) are assemblies of translational-stalled mRNAs and specific proteins. In response to various stresses, SGs are formed
rapidly in cytoplasm to transiently inhibit the translation. Studies in mammalian cells show that mutations that alter stress granule
formation contribute to some neurodegenerative diseases and cancers. Although SGs-mediated translational control of immunity in
mammalian cells is well studied, the function of SGs in plant defense is largely unknown. In this study, we found that the exogenous
treatment of salicylic acid (SA), a key plant immune signal, triggers the SGs formation in addition to transcriptome changes. Surprisingly,
our results showed that SA-induced SGs formation is independent of both known SA signaling pathway and canonical SGs formation
pathway, which requires eIF2α phosphorylation. We further conducted a mass spectrometry experiment using seedlings containing GFPtagged Rbp47b, a common SG marker protein in Arabidopsis. The result shows that SGs marker proteins, such as UBP1 and poly-A binding
proteins, as well as specific signaling proteins are recruited into SGs, indicating that SGs may function as a signaling hub to communicate
a ‘state of emergency’ and modulate growth and defense accordingly. Consistent with this hypothesis, the mutant of a SG component
Tudor Staphylococcal Nuclease (TSN) displayed a hyper sensitivity to SA with a compromised growth phenotype. Furthermore, we are
conducting a RNA-binding protein immunoprecipitation experiment followed by sequencing to find mRNAs trapped to SGs. In summary,
our study provides another layer of translational regulation of plant immunity, which involves translation repression triggered-SG
formation and recruitment of signaling proteins into SGs to provide a cellular protection mechanism against a lethal outcome and ensure
a rapid recovery after stress.
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Keywords: stress granules; plant defense; salicylic acid
Abstract #315. The Arabidopsis thaliana MYB transcription factor ETC2 confers higher yield and seed size in transgenic soybean
(Glycine max) (Submission 77)
1
Wusheng Liu , Ji, Hao, University of Pittsburgh, Peng, Yanhui, University of Tennessee, Knoxville, Mazarei, Mitra, University of Tennessee,
Knoxville, Lin, Jingyu, University of Tennessee, Knoxville, Millwood, Reginald, University of Tennessee, Knoxville, Shao, Yuanhua,
University of Tennessee, Knoxville, Saleem, Muhammad, University of Pittsburgh, Hauser, Marie-Theres, BOKU-University of Natural
Resources and Life Sciences, Vienna, Austria, Traw, M. Brian, University of Pittsburgh, Stewart, C. Neal, Jr., University of Tennessee,
Knoxville
1
University of Tennessee, Knoxville, United States
Seed size and yield are two of the most important agricultural traits in crops even though the underlying genetic and molecular
mechanisms regulating both traits are still largely unknown. The Arabidopsis thaliana MYB transcription factor, Enhancer of TRY and CPC2
(AtETC2), is known to control trichome patterning. Here we identified an important novel function of the AtETC2 gene in controlling seed
size and yield by genome-wide association study (GWAS), recombinant inbred lines analysis, and quantitative trait loci mapping. It was
subsequently found that T-DNA insertion knockout mutants had significantly smaller (up to 16.3%) seed mass and more (up to 31.3%)
trichomes. Complementation experiments were sufficient to restore the normal seed size and trichome number. Overexpression of
35S::AtETC2 in transgenic Arabidopsis resulted in significantly increased seed size by up to 36.4% together with 87.5% fewer trichomes
per plant relative to the non-transgenic parent. When the Arabidopsis gene was overexpressed in soybean, the resultant T2 plants had
similar seed-size gains to the transgenic Arabidopsis in both greenhouse and field studies. Transgenic soybean leaf morphology, including
trichome number, was not different from the non-transgenic soybean. In addition to seed weight and width being greater in some
transgenic soybean lines grown in the field, they also had increased total seed yield, protein, and oil content relative to the controls.
These results provide new insights into the previously unidentified function of the AtETC2 gene, increase our understanding of the
functions of MYB regulators in plants, and suggest approaches that may lead to increased agricultural output.
Keywords: AtETC2; Genome-wide association study; seed weight; Arabidopsis; soybean
Abstract #316. Phenotyping Solutions for Basic and Applied Research in Plant Biology and Agriculture (Submission 116)
1
Todd DeZwaan
1
LemnaTec Corporation, United States
Humans have been phenotyping plants for over 10,000 years. Beginning with the domestication of agricultural crops, plant phenotyping
is the cornerstone for improving agronomic traits that increase yield. The demand for phenotyping has increased dramatically in recent
decades as the exponential accumulation of genome data has accelerated our ability to breed and modify crop species. However, the
ability to rapidly and reliably phenotype plants continues to be a bottleneck in basic plant research and the development of next
generation products. This is a challenge that cuts across research areas, including breeding, ag chemistry, biotechnology, and biologicals.
LemnaTec's Scanalyzer suite of products provide researchers and breeders with a variety of high-resolution imaging sensors that enable
them to reliably phenotype plants for the discovery and development of new agriculture products. Scanalyzer products range in terms of
scale and throughput to meet the needs of individual researchers, but all are capable of accurately measuring plant features that are
crucial for yield in the field such as leaf area, chlorophyll content, plant height, growth rate, stress response, tip burn, biomass, drought
tolerance, and many more. This presentation will describe LemnaTec phenotyping applications in laboratory, greenhouse, and field
settings, and will discuss how the results are being used for basic and applied research programs.
Keywords: phenotyping; phenomics; image analysis; imaging sensors; automation
Abstract #317. A tightly regulated genetic selection system with signaling-active alleles of phytochrome B (Submission 134)
1
Wei Hu , Lagarias, J Clark, UC Davis
1
University of California Davis, United States
Selectable markers derived from plant genes circumvent the potential risk of antibiotic/herbicide-resistance gene transfer into
neighboring plant species, endophytic bacteria and mycorrhizal fungi. Toward this goal, we have engineered and validated signaling
active alleles of photoreceptor phytochrome B (eYHB) as plant-derived selection marker genes in the model plant Arabidopsis thaliana. By
probing the relationship of heat shock induction conditions and construct size to optimal phenotypic selection, we proved that eYHBbased alleles are robust substitutes for antibiotic/herbicide-dependent marker genes as well as surprisingly sensitive indicators of offtarget transgene expression.
Keywords: phytochrome photoreceptor; plant gene-based selectable marker cassette; fidelity of transgene expression
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Abstract #318. Targeted phenylalanine in seedling development: coatings to reduce cellular stress (agriculture), and development of
nutraceutical extracts (medicine) (Submission 138)
1
Kate Warpeha , Thnaibat, Nayfah, UIC, Zaheer, Shamaila, UIC, Orozco-Nunnelly, Danielle, UIC, Muhammad, DurreShahwar, UIC, Niblack,
Terry, Ohio State University, Reuter-Carlson, Ursula, University of Illinois Urbana, Park, Thomas, UIC
1
University of Illinois at Chicago, United States
The phenylalanine (Phe) biosynthetic activity of Arogenate Dehydratase 3 (ADT3) coordinates ROS homeostasis, cotyledon development
and contributes to growth and development processes in Arabidopsis thaliana (Arabidopsis) seedlings (Para et al., 2016). Pirin1 (PRN1)
protein activity impacts cell elongation and phenylpropanoids content in young tissues (Orozco-Nunnelly et al., 2014; 2015). From
studying actions of these two proteins and subsequent impact on chemotype of the seedling, we made a chemical coating to promote
development and defense (USPatent# 8,492,614), and subsequently pursued genetic methods to overproduce polyphenols at a
developmentally relevant time in plants. Abiotic signaling has been used in the process to boost defense mechanisms and rigor. Seedling
responses were studied in >10 plant types of economic importance, with common chemical phenotypes (chemotypes) across species,
increasing value to agriculture. In the human diet, flavonoids are common phytochemicals, and hydroxycinnamic acid amides (HCAAs) are
found in seeds and seedlings, active in cellular defense. A library of mutants was made utilizing common Broccoli (Brassica oleracea var.
italica) to produce high polyphenol lines by stress induction in order to capture desired chemotypes comparable to our Arabidopsis
coating/genotypic results. To avoid self-incompatibility and to maintain lines we developed a vegetative propagation method. Chronic
inflammation precedes and underlies many chronic conditions (including pain) affecting more than 100 million people in the USA.
Prototypes of the extracts have been tested in vivo and show promising results for future development. Current medication including
non-narcotic (NSAIDs) and narcotic drugs, present serious drawbacks including lack of efficacy, toxic side effects, tolerance, and
addiction. Making effective anti-inflammatory extracts from plants without addiction or tolerance is the goal for translational
advancement.
Keywords: Phenylalanine; Reactive Oxygen Species; Abiotic and Biotic Stress; Nutraceutical Products; Chemotype
Abstract #319. Withdrawn
Abstract #320. Investigating the molecular, physiological, and architectural changes that underlie grafting-induced vigor (Submission
246)
1
Margaret Frank , Chitwood, Daniel, Donald Danforth Plant Science Center, Meyers, Blake, Donald Danforth Plant Science Center
1
Donald Danforth Plant Science Center, United States
Grafting has been used to increase yield, especially in the context of biotic and abiotic stress for over 2000 years. Although recent
experimental evidence suggests that mobile RNAs, proteins, and small molecules may play an important role in the mechanism through
which grafting impacts plant growth and physiology, the precise identity of these signals and the mechanisms by which they act to affect
yield remain largely unexplored. In tomato, the grafting of elite fruit producing shoots (scions) onto vigorous, interspecific hybrid root
systems significantly increases yield. We demonstrate that this phenomenon of grafting-induced vigor functions in a bi-directional
manner; vigor can be reciprocally transferred from the root and shoot systems of an interspecific hybrid (Solanum lycopersicum x S.
habrochaites) into the reciprocally grafted shoot and root systems of domesticated tomato (S. lycopersicum). Associated with this
phenomenon of grafting-induced vigor we have identified a sweet of developmental, physiological, ionomic, and molecular phenotypes.
Most surprisingly we find thousands of differentially expressed genes that are induced by heterografting, and hundreds of mobile mRNAs
that are consistently transferred across the graft-junction. We are adding a new layer to this grafting equation by investigating the
mobility of small RNAs across the graft-junction, and exploring the relative importance of mRNAs and small RNAs in contributing to
grafting-induced vigor.
Keywords: Grafting; tomato; long-distance signaling; graft-transmissible mRNAs
Abstract #321. The origin and evolution of a sex chromosome pair in garden asparagus (Submission 248)
1
Alex Harkess , Van der Hulst, Ron, Limgroup, Bowers, John, University of Georgia, Mercati, Francesco, National Research Council of Italy,
Riccardi, Paolo, Bayer, Falavigna, Agostino, Consiglio per la Ricerca in Agricoltura e l’analisi dell'economia agraria (CREA), Xu, Chunyan,
BGI, Meyers, Blake C, Donald Danforth Plant Science Center, Groenendijk, John, Green Acres Life Sciences, Sunseri, Francesco, Università
Mediterranea degli Studi di Reggio Calabria, Leebens-Mack, James, University of Georgia
1
Donald Danforth Plant Science Center, United States
Sex chromosomes have evolved from autosomes hundreds of times across the tree of life yet the molecular and evolutionary processes
underlying these transitions remain obscure. Garden asparagus (Asparagus officinalis L.), a dioecious species with a recently evolved
homomorphic sex chromosome pair, is ideal for studying the earliest events in sex chromosome evolution. Sequencing and comparative
analysis of YY male and XX female asparagus genomes has implicated a 1 Mb male-specific region on the asparagus Y chromosome. We
have identified two independent male-to-hermaphrodite mutants that implicate a single gene in this male-specific region as responsible
for dominantly interrupting pistil development. Anther development is not affected in these mutants but male-to-female conversions are
seen in two other mutants with deletions spanning the 1 Mb non-recombining sex determination region. This region contains 12 gene
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models in addition to the female suppressor including a homolog to the Arabidopsis anther-specific gene Defective in Tapetal
Development and Function 1 (TDF1). In support of the a model proposed by Charlesworth & Charlesworth (The American Naturalist 1978)
for the origin of sex chromosomes, these finding imply that the origin of a non-recombining sex determining region on
the Asparagus proto-Y chromosome involved the linkage of a male promoting gene with a dominant suppressor of female organ
development.
Keywords: Sex chromosomes; dioecy; asparagus; genomics
Abstract #322. Expression profile of stress-responsive Arabidopsis thaliana miRNAs and their target genes in response to inoculation
1
with Pectobacterium carotovorum subsp. Carotovorum. A. T. Djami-Tchatchou and K. Ntushelo
1
Department of Agriculture and Animal Health, University of South Africa, South Africa
Pectobacterium carotovorum subsp. carotovorum (Pcc) is a soft rot bacterium which upon entry into the plant macerates plant tissues by
producing plant cell wall degrading enzymes. It has a wide host range which includes carrot, potato, tomato, leafy greens, squash and
other cucurbits, onion, green peppers and cassava. During plant-microbe interactions, one of the ways of plant response to pathogen
infection is through the small RNA silencing mechanism. Under pathogen attack the plant utilizes microRNAs to regulate gene expression
by means of mediating gene silencing at transcriptional and post-transcriptional level. This study aims to assess for the first time, the
expression profile of some stress-responsive miRNA and differential expression pattern of their target genes in Arabidopsis
thaliana inoculated with Pcc. Leaves of five-week-old Arabidopsis thaliana plants were infected with Pcc and the quantitative real timePCR, was used to investigate after 0, 24, 48 and 72 hours post infection, the expression profiling of the stress-responsive miRNAs which
include: miR156, miR159, miR169, miR393, miR396 miR398, miR399 and miR408 along with their target genes which include: squamosa
promoter-binding-like protein, myb domain protein 101, nuclear factor Y subunit A8, concanavalin A-like lectin protein kinase, growth
regulating factor 4, copper superoxide dismutase, ubiquitin-protein ligase and plantacyanin respectively. Results: Our findings showed
that the overexpression of 6 miRNAs at 24, 48 and 72 hours after infection resulted in the repression of their target genes and the
expression of 2 miRNAs didn’t affect their target genes. These results provide the first indication of the miRNAs role in response to the
infection of Pcc in A. thaliana and open new vistas for a better understanding of miRNA regulation of plant response to Pcc.
Abstract #323. Systematic discovery of novel eukaryotic transcriptional regulators using non-sequence homology based prediction.
1
1
2
1
2
1, 3
2
1
Flavia Bossi , Jue Fan , Jun Xiao , Lilyana Chandra , Max Shen , Yanniv Dorone , Doris Wagner , Seung Y. Rhee
1
2
Department of Plant Biology, Carnegie Institution for Science, Stanford, California 94305; Department of Biology, University of
3
Pennsylvania, Philadelphia, Pennsylvania 19104-6084; Department of Biology, Stanford University, Stanford, California 94305
The molecular function of a gene is most commonly inferred by sequence similarity. Therefore, genes that lack sufficient sequence
similarity to characterized genes are difficult to classify using most function prediction algorithms and have remained uncharacterized. To
identify novel transcriptional regulators systematically, we used a feature-based pipeline to screen protein families of unknown function.
This method predicted 43 transcriptional regulator families in Arabidopsis thaliana. Literature curation validated 9 of the predicted
families to be involved in transcriptional regulation. We tested 33 out of the 195 predicted transcriptional regulators for their ability to
activate transcription of a reporter gene in planta and found 12 coactivators, 5 of which were previously unknown. To investigate other
mechanisms of action in which these predicted regulators might work, we looked for physical interactors of a candidate that we call
CHIQUITA1 (CHIQ1), which did not show transactivation activity in planta. CHIQ1 interacted with other members of its own family and a
subunit of the Polycomb Repressive Complex 2 to regulate transcription. Phenotypic analysis of mutant lines carrying a knock-out allele
chiq1-1 have smaller organs with fewer and smaller cells. The phenotypes were complemented by CHIQ1. Cell cycle marker studies
indicated that CHIQ1 affects the duration of cell proliferation. A transcriptome analysis performed in chiq1-1 seedlings identified ~170
mis-regulated genes that include regulators of cell expansion and hormone responses as well as genes that encode ribosomal proteins.
Our results demonstrate the feasibility of assigning molecular function to proteins of unknown function without depending on sequence
similarity. In particular, we identified novel transcriptional regulators using biological features enriched in transcription factors.
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