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S1 
 
Probing and manipulating ABA signal transduction with 
agonists, antagonists, and engineered receptors. 

S Cutler 1 

 
 

ABSTRACT 

Plant hormones are a structurally diverse collection of small molecules that control 
plant growth, development, and environmental responses. Work over the past two 
decades has established that many plant hormones directly stabilize protein-protein 
complexes and act analogously to chemical dimerization agents, first described for the 
immunosuppressants rapamycin, FK506, and cyclosporin. Abscisic acid (ABA) 
stabilizes a complex between soluble ABA receptors and downstream phosphatases; 
the ABA-induced complex inhibits phosphatase activity, which in turn derepresses 
downstream kinases and activates signaling. I will describe my lab’s work on this 
sensing module, our efforts to design synthetic ABA receptor agonists, and our 
development of engineered signaling modules derived from the ABA perception 
module. Specifically, I will describe a new non-sulfonamide agonist called opabactin 
(OP; overpowered ABA receptor activation) that possesses ~10x increased potency 
relative to ABA and a new potent pan-antagonist called antabactin (ANT, antagonist of 
ABA action). OP was developed using a combination of computational screening and 
structure-guided optimization and possesses substantially improved bioactivity relative 
to the sulfonamide agonists quinabactin and AMF4 in both wheat, tomato, and 
Arabidopsis. ANT was developed using click chemistry to explore substitutions at the 
4’-tunnel. I will additionally describe a PYR1/PP2C-derived chemical-induced 
dimerization module that is insulated from endogenous signaling; this engineered 
dimerization module provides a simple platform technology for programming crops with 
agrochemical-controlled traits. 
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S2 

 
There and back again: A hormonologist’s journey 

 
 

J. Kieber 1 

- Chapel Hill, Nc (United States) 
 
 

ABSTRACT 

Cytokinin is perceived by a receptor family similar to bacterial two-component histidine 
kinases. We are exploring how cytokinin, acting through a two-component 
phosphorelay, modulates distinct responses in different cell types throughout plant 
development. Cellular context underlies the specificity of cytokinin action, and it is 
defined by several factors, including partner transcription factors and the chromatin 
landscape of the target cells. We have defined a number of transcription factors that 
interact with the type-B ARRs, which act at the apex of the cytokinin-regulated 
transcriptome, including the CRFs, BPCs, and HY5. These type-B ARR partner 
transcription factors contribute to the specific response of cytokinin among various 
plant tissues. Differences in the chromatin landscape of target cells also impact the 
response to cytokinin. We have used ATAC-Seq to define how chromatin accessibility 
affects the transcriptional response to cytokinin and how cytokinin in turn modulates 
the chromatin landscape. 

                Ethylene, like cytokinin, is perceived by a receptor similar to two-component 
hybrid sensor kinases. 1-aminocyclopropane-1-carboxylic acid (ACC) is the direct 
biosynthetic precursor to ethylene in plants. We have uncovered a signaling role for 
ACC in regulating cell wall synthesis, independent of its conversion to ethylene. This 
pathway regulates CESA function, which catalyzes the synthesis of cellulose in the cell 
wall, and our studies suggest that ACC acts to negatively regulate cellulose synthesis. 
We have performed a genetic screen for genes involved in the response to ACC and 
have identified several genes corresponding to these ACC-resistant mutations. 
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S3 

 
Structural Variation of Cytokinin controls the Action Specificity 

 
 

H Sakakibara 1 

Nagoya University - Nagoya (Japan) 
 
 

ABSTRACT 

Cytokinins (CKs) play a crucial role in regulation of plant growth and development. 
When CK action is properly regulated within a permissible range, it leads to useful traits 
for us. However, when it is over-effect, it causes negative results. For instance, some 
phytopathogenic bacteria produce excess amounts of CKs and induce abnormal 
morphogenesis. We have identified key genes for CK biosynthesis and transport in 
plants. Detailed studies on themutants show that trans-zeatin (tZ) is important for the 
normal growth of shoot rather than that of root, suggesting a mechanism that 
modulates physiological function of CKs by modification of the side-chain structures. 
Furthermore, physiological effects of root-derived tZ via xylem on shoot morphology 
were different from those of tZ riboside. These findings suggest that complex action of 
long-distantly transported CKs could be organized by the side chain structure and the 
dependency of the activation pathway. In addition, we have recently identified a novel 
form of CK produced by a phytopathogen, whose side chain is methylated (MeCK). 
MeCKs were retained longer in planta than canonical CKs and were poor substrates 
for a CKX, suggesting enhanced biological stability. I will overview CK biosynthesis 
and transport system, and discuss the physiological importance of CK structural 
variation.  
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P1-1 

 
Of Donuts and Muffins: Auxin Transport in Protophloem 
Development 

 

C. Hardtke 1 

Department of Plant Molecular Biology, University of Lausanne - Lausanne 
(Switzerland) 
 

ABSTRACT 

Angiosperms dominate terrestrial ecosystems and are characterized by extensive 
vascular networks, which permit nutrient distribution as well as systemic coordination 
of physiology and development. In the context of vascular differentiation, the 
development of phloem sieve elements is particularly interesting, because during their 
differentiation, sieve elements reduce some organelles and lose others (notably the 
nucleus) as they interconnect via sieve plates to form continuous sieve tubes. Thus, 
sieve elements represent a unique cell type that retains complex functionality in the 
absence of a nucleus. The Arabidopsis root is particularly well-suited to investigate this 
peculiar differentiation process, because vascular tissues are continuously formed 
from stem cells at its tip and phloem formation can be followed along the spatio-
temporal gradient of single cell files. We have identified an extensive molecular genetic 
network that governs the differentiation commitment of sieve element precursors. This 
network comprises angiosperm-specific positive regulators, which drive sieve element 
differentiation through tipping a delicate quantitative balance, opposing negative 
regulators of the process. Local variation in auxin transport regulation is a key aspect of 
the positive regulatory output. I will present data that illustrate how a novel molecular 
mechanism for self-reinforcing cellular polarity modulates polar auxin transport 
to guide sieve element differentiation. 
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P1-2 

 
Multi- faceted action of cytokinins in plant development and 
immunity 

 
 

I Hwang 1 

Department of Life Sciences, Pohang University of Science and Technology, 
Pohang 37673, Republic of Korea - Pohang (Korea, Republic of) 
 
 

ABSTRACT 

Cytokinins have been extensively scrutinized in their metabolism, transport and 
signaling during plant growth and development, which reveals the complexity and 
dynamics of cytokinin action in diverse biological processes, and emphasizes the 
integration of cytokinin action into other signaling networks for regulation of such 
processes. Recently, we discovered that ARF5, a transcription factor in auxin 
signaling, and its upstream kinase BIL1 upregulate the expression of ARR7 and 
ARR15, the negative regulators of cytokinin signaling, to suppress vascular cambial 
activity during plant secondary growth. In this process, TDIP peptide and its receptor 
TDR suppress BIL1-ARF5-ARR7/15 signaling cascade to restore vascular cambial 
activity. Interestingly, the function of cytokinin is not limited to developmental 
processes, but also involved in plant immunity. ARR2, a transcription factor in cytokinin 
signaling, modulates plant resistance to pathogenic Pseudomonas syringae in 
cooperation with TGA2 in salicylic acid signaling. In addition, ARR2 activates ROS 
production in plant guard cells via expression of multiple peroxidase genes. This 
enhanced ROS production by ARR2 leads to the stomata closure for preventing 
pathogen invasion. These works therefore propose the multi-functional roles of 
cytokinin signaling from plant development to immune responses. 
 

PLENARY 1 
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P1-3 

 
Root system branching arises from a synergy between auxin 
transport and growth dynamics 

 
 

K Ten Tusscher 1 

 
 

ABSTRACT 

Understanding root system development is critical for the targeted modification of crop 
species into more drought, salinity or nutrient shortage resilient variants. Still, our 
understanding of where along a root lateral branches form is incomplete. Oscillations 
in the plant hormone auxin have been demonstrated to prepattern lateral root forming 
sites, yet the mechanism underlying these oscillations has remained enigmatic. 

To investigate this, we built a multi-scale plant root model incorporating auxin transport 
and root growth dynamics. Surprisingly, auxin oscillations automatically emerged in 
our model. We found that root tip auxin transport generates an auxin loading zone at 
the shootward end of the meristem. Furthermore, root growth dynamics result in 
periodic variations in the size with which cells arive in this zone. As a consequence, 
periodic variations in the auxin uptake capacity of cells occur, resulting in auxin level 
oscillations. 

 
The mechanism discovered in our study predicts that cellular division frequency, by 
determining the tempo of periodic cell size variations, determines the frequency of 
auxin oscillations. Additionally, our model predicts that the size of the meristematic 
growth zone determines the spacing between lateral root forming sites. These 
predictions match observations reported in the literature and are currently being 
validated experimentally. 
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P2-1 

 
Design principles of the nuclear auxin response pathway 

 

D Weijers 1 

 
 

ABSTRACT 

Hormone response systems in land plants aften display considerable complexity, with 
multiple gene copies encoding receptors, signaling intermediates and transcription 
factors. While there is good understanding of the generic signaling pathways based on 
studying a subset of the response components, a key question is how diversity among 
signaling components contributes to signaling output. In the nuclear auxin response 
pathway, complexity appears to be ancient. While flowering plants have exaggerated 
complexity due to expansion of all three dedicated auxin response gene families 
(TIR1/AFB receptors; Aux/IAA inhibitors; ARF transcripotion factors), even basal land 
plants have multiple components in the ARF family. A critical question therefore is what 
design principles underly the auxin response mechanism. We have studied the auxin 
response network in the basal land plant Marchantia polymorpha, a liverwort. This 
species has a minimal auxion response system with a single receptor and a single 
Aux/IAA repressor, but contains 3 ARF transcription factors. Through a combination of 
genetic analysis, protein- and domain swap experiments, structural biology, 
transcriptomics and protein biochemical characterization, we establish a simple, 
minimal model for auxin response that allows the definition of developmental zomes 
with differential sensitivity to the auxin hormone. I will discuss our recent data and this 
minimal model, and explore if and how this minimal model also underlies diversity of 
auxin response in flowering plants. 
  

PLENARY 2 
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P2-2 

 
Unraveling auxin perception with small molecules 

 
 

S Robert 1 

 
 

ABSTRACT 

Auxin phytohormones control most aspects of plant development through a complex 
and interconnected signaling network. In the presence of auxin, AUXIN/INDOLE-3-
ACETIC ACID (Aux/IAA) transcriptional repressors are targeted for degradation by the 
SKP1-CULLIN1-F-BOX (SCF) ubiquitin-protein ligases containing TRANSPORT 
INHIBITOR RESISTANT 1/AUXIN SIGNALING F-BOX(TIR1/AFB). CULLIN1-
neddylation is required for SCFTIR1/AFBfunctionality as exemplified by mutants 
deficient in the NEDD8-activating enzyme subunit AUXINRESISTANT1 (AXR1). 
Redundancy within the auxin perception machinery hinders chemical genomics 
approaches to the identification of auxin analogs. In the current study, we applied the 
chemical biology strategy and identified small molecules requiring AXR1 and 
SCFTIR1/AFB to modulate plant development.We believe that these compounds may 
be a powerful chemical tool to unravel unknown molecular components involved in the 
phytohormone signaling and certainly hormonal crosstalk regulating several aspects 
of plant development. 
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P2-3 

 
Plant Ubiquitin Ligase Coordinates Hormone Signaling and 
Metabolism 

 
 

N. Shabek 1 

University of California, Davis - Davis (United States) 
 
 

ABSTRACT 

Strigolactones (SL) are plant hormones that play an essential role in the control of plant 
branching, and act as rhizospheric signals for communication with symbiotic fungi and 
parasitic plants. MORE AXILLARY GROWTH2 (MAX2/D3) and DWARF14 (D14), are 
crucial signalling components to regulate the SL-repressed plant branching. D14 
encodes an α/β hydrolase that hydrolyses SL into an inactive intermediate. MAX2/D3 
is a ubiquitin ligase that encodes a leucine-rich (LRR) F-box containing protein, which 
interacts with D14 in a SL-dependent mode and recruits the repressors DWARF53 
(D53) for proteasomal degradation. The D3-D14-D53 complex was proposed to be 
involved in SL signaling. However, the recruitment of D53 by the D3-D14 complex and 
the role of SL perception and hydrolysis remains largely unclear.  Here we provide 
structural and biochemical data shed light on SL sensing mechanism that is largely 
regulated by MAX2/D3 ubiquitin ligase.  
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1A-1 
 

Auxin and cytokinin biosynthesis and metabolism - common 
denominators and implications for root growth and development 

 
 

K Ljung 1 

Umeå Plant Science Centre, Dept of Forest Genetics and Plant Physiology, SLU 
- Umeå (Sweden) 
 
 

ABSTRACT 

Auxin (indole-3-acetic acid, IAA) and cytokinins (CKs) are major regulators of plant 
growth and development.  The non-uniform distribution of IAA and CKs underlie 
spatiotemporal coordination of root development and the root responses to 
environmental stimuli, and involve regulation of both metabolic and transport 
processes. 

Using ultra-sensitive mass spectrometry methods for quantification of IAA, CKs and 
their metabolites, we have discovered the presence of IAA and CK gradients and 
minima/maxima within different tissues and cell types of the root. We have also showed 
that both classes of plant hormones are under homeostatic control. Biosynthesis, 
conjugation and catabolism regulate, together with transport,  intracellular IAA and CK 
levels in a highly redundant manner, in order to maintain levels that are optimal for 
growth and development. IAA and CKs can also regulate each other’s metabolism, a 
potentially important mechanism for fine-tuning plant hormone levels, e.g. in 
developing lateral root primordia and in the root apex, although the regulation of 
different metabolic pathways is still not well understood at the molecular level. 

Using cell-type specific methods for transcript and metabolite profiling, we are currently 
investigating the early stages of lateral root initiation and development, processes 
where both IAA and CKs play critical roles. We are also investigating the impact of 
nutrients, especially nitrogen, on these processes. 
 

CONCURRENT 1A 
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1A-2 
 

Deciphering the role of local auxin and hormone homeostasis in 
plant development 

 
 

A.N. Stepanova 1, J. Brumos 1, J.P. Fernandez-Moreno 1, J. Ascencio-
Ibanez 1, J.M.A.L.O. Alonso 1 

North Carolina State University - Raleigh (United States) 
 
 

ABSTRACT 

Phytohormones govern plant physiology, environmental adaptation and phenotypic 
plasticity.  Hormone auxin is critical for growth at every stage of plant’s life, from seed 
germination to fruit ripening.  We investigated the relative roles of local auxin 
biosynthesis and polar transport in plant development using a variety of experimental 
approaches: pharmacological treatments with chemical inhibitors of auxin biosynthesis 
and transport, an array of auxin transport and production mutants, ectopic expression 
of auxin biosynthetic genes under the control of tissue-specific promoters, inducible 
CRE-LOX systems, recombineering-based whole-gene fusions with fluorescent 
protein reporters, and grafting. Our data indicate that local auxin biosynthesis acts 
redundantly and synergistically with auxin transport in the establishment and 
maintenance of robust morphogenic auxin maxima essential for root meristem activity, 
flower and leaf development. Plant architecture is, however, controlled by a 
combination of hormones.  To enable monitoring of the sites of activity of several 
growth regulators at once, we are building tandems of compatible synthetic 
transcriptional sensors stacked in a single construct. Our collection of over a hundred 
GoldenBraid-compatible DNA parts includes synthetic hormone-responsive 
promoters, synthetic and viral core promoter elements and terminators, various 
fluorescent, luminescent and colorimetric markers, and subcellular localization signals. 
We have assembled and are testing the first ACE (auxin/cytokinin/ethylene) sensor, 
with the ultimate goal to multiplex the reporters for up to nine major growth regulators 
(ACE plus ABA, gibberellins, brassinosteroids, salicylic acid, jasmonate, and/or 
strigolactones), with an individual hormone readout distinguishable by fluorescent 
protein color and subcellular localization. 
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1A-3 
 

Phytohormone metabolite profiling at the cellular and subcellular 
levels 

 

O. Novak 1, V. Skalicky 1, I. Antoniadi 2, A. Pencik 1, 3, M. Kubes 3, 4, J. Vrana 
5, K. Dolezal 3, M. Strnad 1, K. Ljung 2 

1Laboratory of Growth Regulators, Institute of Experimental Botany, The Czech 
Academy of Sciences & Faculty of Science, Palacký University - Olomouc (Czech 
Republic), 2Umeå Plant Science Centre, Department of Forest Genetics and Plant 
Physiology, Swedish University of Agricultural Sciences - Umeå (Sweden), 
3Department of Chemical Biology and Genetics, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Faculty of Science, Palacký University - 
Olomouc (Czech Republic), 4School of Life Sciences, The University of Warwick - 
Coventry (United Kingdom), 5Centre of Plant Structural and Functional Genomics, 
Institute of Experimental Botany, The Czech Academy of Sciences - Olomouc (Czech 
Republic) 
 

ABSTRACT 

The identification and quantification of plant hormones in plant tissues are essential for 
physiological studies of their metabolism and mode of action. New and modern 
analytical approaches make possible a new direction in the profiling of phytohormone 
metabolites. By employing novel methods, we are able to gain a much better 
understanding of how genetic and experimental manipulations affect hormone levels 
in plant tissues and organs. However, our knowledge of the distribution and 
compartmentation of phytohormones and their metabolites at the cellular level is still 
very limited. We focus on the efficient cell and organelle isolation, combining different 
approaches such as a density gradient ultracentrifugation or a fluorescence-assisted 
cell/organelle sorting (FACS/FAOS) with an ultra-sensitive tandem mass spectrometry 
techniques. New analytical tools will provide comprehensive insights into the 
phytohormone regulatory networks, such as detailed distribution of plant hormones in 
specific cells and organelles. Our preliminary data show that the profiles of auxins and 
cytokinins in plant cell are quite complex and do not only include the expected active 
molecules, but also other key metabolites that cover the phytohormone biosynthesis, 
conjugation and degradation.  

Acknowledgement: The work was supported by the Ministry of Education, Youth and 
Sports of the Czech Republic (ERDF project "Plants as a tool for sustainable global 
development", No. CZ.02.1.01/0.0/0.0/16_019/0000827), by the Czech Foundation 
Agency (GA17-21581Y), by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_018), by the Swedish Governmental Agency for Innovation Systems 
(VINNOVA) and by the Swedish Research Council (VR). 
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1A-4 
 

Exploring the role of cytokinins in organ initiation and phyllotaxis. 

 
 

M. Pernisová 1, 2, M. Zurbriggen 2, T. Vernoux 1 

1Laboratoire Reproduction et Développement des Plantes, Ecole Normale 
Supérieure de Lyon - Lyon (France), 2Institute of Synthetic Biology and CEPLAS, 
Heinrich-Heine-Universität - Düsseldorf (Germany) 

ABSTRACT 

Development through the reiterative organogenesis is common in eukaryote 
development. In plants, new organs are periodically initiated in a regular pattern called 
phyllotaxis. Self-organization of phyllotaxis is driven by spatio-temporal distribution of 
the hormone auxin and the temporal robustness of the pattern is also under the 
influence of another hormone, cytokinin. However, the molecular mechanisms 
underlying cytokinin action in the temporal pattern of reiterative organ production are 
unknown. 

We have found using expression analysis that several cytokinin biosynthetic enzymes 
from the LONELY GUY family (LOGs) are potentially upregulated by auxin in 
Arabidopsis. Analysis of publicly available DAP-seq data have also revealed binding 
of the ARF2 and ARF5 auxin signaling effectors to the promoter regions of several of 
the LOG genes. We have analyzed the expression of all LOGs in the shoot apical 
meristem, using proLOG-GFP lines, and identified several LOGs differentially 
expressed in the meristem. Additionally, we have analyzed phyllotaxis of single log 
mutants to test their contribution to shoot apical meristem patterning. We have found 
mutants showing higher variability in divergence angles between successive organs, 
suggesting an involvement of cytokinin also in the robustness of angle specification in 
phyllotaxis. To explore in more detail how the LOGs are regulated, we are in addition 
using synthetic biology tools to understand quantitatively the dynamics of their 
response to auxin. This approach will allow to further understand how auxin-cytokinin 
cross-regulation participates to the dynamics of shoot apical meristem patterning. 

Supported by MSCAfellow@MUNI (CZ.02.2.69/0.0/0.0/17_050/0008496). 
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1A-5 
 

Unravelling the contribution of different IAA metabolic pathways 
to auxin homeostasis 

 
 

R. Casanova-Saez 1, E. Mateo-Bonmatí 1, A. Pencík 2, F. Brunoni 3, C. 
Bellini 3, O. Novák 2, K. Ljung 1 

1Umeå Plant Science Centre, Dept of Forest Genetics and Plant Physiology, 
Swedish University of Agricultural Sciences (SLU) - Umeå (Sweden), 2Laboratory 
of Growth Regulators, Centre of the Region Haná for Biotechnological and 
Agricultural Research, Faculty of Science of Palacký University & Institute of 
Experimental Botany CAS - Olomouc (Czech Republic), 3Umeå Plant Science 
Centre, Dept of Plant Physiology, Umeå University (Umu) - Umeå (Sweden) 

ABSTRACT 

Most developmental processes during the plant life cycle are tightly dependent on the 
homeostasis of the main auxin, indole-3-acetic acid (IAA). Spatiotemporally regulated 
IAA gradients act as morphogenic signals that shape the plant and determines the 
timing of developmental events. IAA homeostasis is regulated by a fine balance 
between transport and metabolism. To date, several proposed routes in the IAA 
metabolic pathways remain to be elucidated.  

To better understand the metabolic pathways involved in IAA homeostasis, we have 
performed a screening of Arabidopsis mutants based on high-throughput IAA 
metabolite profiling by LC-MS/MS (1) coupled to macro-confocal screening of 
mutagenized IAA-reporter lines, which led to the identification of 49 lines with 
significantly altered IAA metabolite profiles. IAA metabolite profiles and developmental 
phenotypes suggest that some of these lines can help to resolve uncharacterized steps 
of the IAA metabolic pathway. 

We have previously shown that IAA metabolic inactivation is regulated by the 
redundant action of the Arabidopsis DIOXYGENASE FOR AUXIN OXIDATION 1 
(AtDAO1) and members of the GH3 family of IAA amido synthetases (2,3). In order to 
determine the differential contribution of the different pathways for IAA conjugation and 
degradation, we are using CRISPR-Cas9 to knock-out all auxin inactivation pathways 
and their combinations. IAA metabolite profiling, gene expression studies, reporter 
assays, root phenotyping, and modelling approaches will be performed on these lines 
to predict the impact of IAA inactivation pathways on auxin homeostasis and root 
architecture. 

(1) Pencik, et al., 2018. (2) Porco et al., 2016. (3) Mellor et al., 2016. 
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1A-6 
 

Novel Catalytic Properties of Dioxygenases involved in 
Arabidopsis Gibberellin Synthesis 

 
 

T. Lange 1, M.J. Pimenta Lange 1 

Technical University of Braunschweig, Institute of Plant Biology - Braunschweig 
(Germany) 
 
 

ABSTRACT 

The final part of gibberellin biosynthesis is catalyzed by oxidases that belong to the 2-
oxoglutarate dependent dioxygenases family. Here we describe novel catalytic 
properties of gibberellin 20-oxidases, 3-oxidases, and 2-oxidases from Arabidopsis. 

We show that the Arabidopsis AtGA20ox1 (GA5-locus), AtGA20ox2, and AtGA20ox3 
are all able to accept the lactone GA15 as the substrate (C-4–C-10 δ-lactone) to 
produce GA9 and GA25. 

The Arabidopsis GA 3-oxidases AtGA3ox1 (GA4-locus) and AtGA3ox4 are known to 
accept C19-GA9 to produce bioactive GA4. Here we show that both enzymes produce 
also GA1 (3ß-,13-OH GA9) from GA9 or from GA4. Moreover, both enzymes accept C20-
GA12 as the substrate to produce GA14 (3ß-OH GA12).  Additionally, AtGA3ox1 
produces GA53 (13-OH GA12) from GA12, and GA58 (3ß-,12α-OH GA9) and GA131 (3ß-
,18-OH GA9) from GA9 or from GA4. 

Two newly identified GA 2-oxidases, AtGA2ox9 and AtGA2ox10, convert the substrate 
GA12 to GA110 (2ß-OH GA12) as previously shown for the C20-GA 2-oxidases, 
AtGA2ox7 and AtGA2ox8. In addition, AtGA2ox9 and AtGA2ox10, both oxidize GA15 
and GA24 to form GA25 and GA9 (20-oxidation), respectively. AtGA2ox9 further 
converts GA25 to GA46 (2ß-OH GA25). AtGA2ox9 also harbors 2α-hydroxylation activity, 
as it converts the C19-GA9 and -GA4 to GA40 and GA47, respectively. Expression of 
AtGA2ox9 is induced by cold treatment and AtGA2ox10 is highly expressed during 
seed development. Results obtained by respective mutant plant analyses will be 
discussed. Our results explain the biosynthetic origin of several endogenous 
gibberellins in Arabidopsis that was unknown for decades. 
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1B-1 

 
Gene regulatory networks controlling shoot branching 

 
 

S. Van Es 1, E. Gonzalez-Grandío 2, P. De Los Reyes 3, C. Tarancón 2, F. 
Romero-Campero 4, R. Immink 1, P Cubas 2 

1Wageningen University and Research, - Wageningen (Netherlands), 2Centro 
Nacional de Biotecnología-CSIC, - Madrid (Spain), 3Institute for Plant 
Biochemistry and Photosynthesis, University of Seville-CSIC - Sevilla (Spain), 
4Institute for Plant Biochemistry and Photosynthesis, University of Seville-CSIC 
- Seville (Spain) 
 
 

ABSTRACT 

In higher plants the formation of lateral shoots from axillary meristems is a key 
developmental program that determines plant architecture. Under favourable 
conditions, axillary buds continue to grow and generate branches. However, under 
present or potentially energy-limiting conditions buds remain latent. This decision of 
buds to grow out or enter dormancy is coordinated at the plant level by long-range 
signals such as auxin transport, strigolactone signalling and sugar availability. 
However, the genetic operations required for cells within axillary buds to grow or to 
remain quiescent are implemented locally, inside the buds. In Arabidopsis thaliana, 
BRANCHED1 (BRC1) is a key local repressor of bud activity that encodes a TCP 
transcription factor widely conserved in angiosperms. Despite its remarkable negative 
effects on growth, the gene targets and gene regulatory networks controlled directly by 
this transcription factor have so far remained largely unknown. We will discuss some 
of these gene regulatory networks that control the growth-to-dormancy transition in 
Arabidopsis plants exposed to stimuli that help the plant anticipate energy-limiting 
conditions.   
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1B-2 
 

DELLAs-mediated control of salt stress tolerance 

 
 

C. Martínez 1, P. Lasierra 1, A. Navarro 1, S. Prat 1 

CNB-CSIC - Madrid (Spain) 
 
 

ABSTRACT 

Salt stress is one of the major abiotic stresses affecting crops production, especially in 
arid and semiarid regions. Rise of sea levels owing to climate change will increase 
natural aquifers salinity thus limiting quality of irrigation water used in agriculture. Salt 
and other water minerals inhibit plant growth by altering GA-ABA balance and 
stabilizing DELLA repressors. Accumulation of DELLAs is shown to restrain growth by 
sequestering the PIF and BES1/BZR1 factors, while promote plant survival by 
preventing salt-induced oxidative stress. DELLA proteins were proposed to exert this 
protective function via interaction with TFs with a positive role in stress adaptation, 
therefore acting as co-activators of these regulators. Here, we identified several such 
stress-responsive partners, by growing the estradiol-inducible Arabidopsis 
TRANSPLANTA collection in the presence of salt and GA. Rationale behind this 
approach was that TFs co-activated by DELLAs, when over-expressed, should 
compensate for reduced activity of their signaling pathways as a result of GA-induced 
DELLAs degradation. Out of more than 500 screened lines, we identified 30 
independent TFs that led to increased tolerance to salt in the presence of GA. Notably, 
near to one third of these regulators directly interacted with the DELLA proteins. 
However, against our initial expectation that they would act at antagonistic ABA and 
GA regulation, most of these regulators did not respond to ABA. Here, we characterize 
in detail one of these TFs and show that CK signaling plays a prevalent role in 
modulating salt tolerance. 
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1B-3 

 
Mapping the initial steps of somatic embryogenesis in the model 
monocot Brachypodium distachyon 

 

H. Wehbi 1, C. Soulhat 1, H. Morin 2, S. Pateyron 2, A. Bendahmane 2, E. 
Delannoy 2, O. Bouchabké-Coussa1 1, P. Hilson 1 

1Institut Jean-Pierre Bourgin - Versailles (France), 2Institute of Plant Sciences 
Paris Saclay - Gif-Sur-Yvette (France) 
 
 

ABSTRACT 

Somatic embryogenesis (SE) is the developmental pathway through which somatic 
cells change fate and acquire the ability to divide and yield embryonic structures, in the 
absence of sexual reproduction. In vitro culture methods based on SE are routinely 
applied for the genetic transformation and genome editing of many plants, including all 
major cereal crops, despite the limited understanding of the cellular processes 
involved. We have characterized the early events leading to the production of somatic 
embryos in tissues derived from immature zygotic embryos of Brachypodium 
distachyon and treated with exogenous auxin. As previously reported, we have 
observed that cells within the scutellum resume mitotic division within days of 2,4-D 
induction, prefiguring the new meristematic regions formed at later stages. Through 
the analysis of the reactive domains in explants that were either fixed (dyes, in situ 
hybridization) or alive (expression of selected fluorescent reporter proteins), we have 
identified genes that mark these early cellular changes. Combining information 
collected with high spatial and temporal resolution, we have also tracked which somatic 
cell types evolve into embryogenic tissues. We will present evidence that these 
presumed cell lineages can also be inferred based on the transcriptomes of single cells 
prepared from the same explants. Our study points to genes and functional modules 
associated with - and potentially driving - the transition from the somatic towards the 
embryogenic cell fate. It provides original data to further investigate the mechanisms 
that control plant cell totipotency. 
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ABSTRACT 

Shoot branching is tightly regulated by different growth substances including hormones 
and nutrients. Strigolactones play a crucial role in shoot branching inhibition. 
Consequently, mutations in genes involved in the synthesis or perception of this 
hormonal pathway leads to dramatic bushy phenotypes. Sugar availability has recently 
been shown to promote shoot branching in a signalling manner. Our recent data 
suggests that during this process, sugar availability can inhibit the perception of 
strigolactones in pea, rose and rice. Sugar availability also inhibits the expression of 
MAX2, a gene involved in strigolactone perception. In rice, over-expression of MAX2 
abolished the sucrose-induced repression of the strigolactone perception during 
tillering. MAX2 promoter analysis revealed that a G-box rich region, conserved across 
species, was present 4kb upstream of the MAX2 gene. In vitro experiments in 
arabidopsis revealed that bZIP11, a sugar-repressed transcription factor, can bind to 
MAX2 promoter and induce its expression. Phenotyping experiments demonstrated 
that bZIP11 induction could inhibit bud outgrowth in the wild type background but not 
in the max2 background. Furthermore, chromatin accessibility of the MAX2 locus is 
increased upon bZIP11 over-expression. Altogether, our results demonstrate that 
sugar and strigolactone signalling interact at the molecular level to control shoot 
branching, and that MAX2 may play a crucial role in the integration of these different 
signals. This also provides an explanation on how sugars may contribute to the 
regulation of shoot branching in response to the environment. 
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ABSTRACT 

Auxin is a key regulator of differential growth. When plants are challenged with a 
change in gravity direction, they respond by re-orienting their roots and shoots towards 
and away from the new gravity vector, respectively. This process requires a lateral re-
distribution of auxin, establishing asymmetric cellular elongation and organ bending. 
To achieve this bending, the cell wall, which is a structure that provides rigidity and 
shape to the plant, needs to be differentially modified on each side of the bend. 
However, mechanistic understanding of auxin-dependent cell wall modifications is 
largely unknown. Here we show that auxin-dependent modifications of cell wall 
components, such as Xyloglucans (XyG), play an important role in gravitropic bending 
of hypocotyls. We reveal that auxin signaling defines the transcription of several XyG-
related enzymes. In addition, the reduction in nuclear auxin signaling correlates with 
defined changes in XyG composition. Moreover, gravitropic hypocotyls display 
differential control of XyG, correlating with asymmetric auxin distribution. Atomic Force 
microscopy proposes that auxin modulates the mechanical property of the cell wall in 
a XyG-dependent manner. In agreement, genetic interference with XyG metabolism 
modulates auxin sensitivity and gravitropic growth. Our data indicate that auxin-
mediated modifications of XyG define differential cell elongation during gravitropic 
growth in hypocotyls. 
 
Velasquez S.M. 
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ABSTRACT 

Unlike animals, plants cannot move to escape their changing environment 
and have to cope with their competitors, fight with their predators and 
accommodate warm to cold temperatures as well as water scarcity or even 
darkness. Plants are permanently allocating their energy to one or another 
aspect of development to deal with this fluctuating environment and 
ensure an optimal, harmonious growth. The energy stocked in the 
molecules produced by photosynthesis is transported through the plant via 
an essential vascular tissue: the phloem. Proper phloem differentiation 
plays a major role in plant root development since mutants affected in this 
process display pleotropic disorders such as reduced root growth, reduced 
root meristem size, enhanced root branching. Not surprisingly, phloem 
transport defects also result in altered hormone and peptide signal 
distribution. Hormone and peptide signals orchestrate the balance 
between division and differentiation to maintain meristem homeostasis 
and maintain growth. Among all the CLE peptides that affect root growth, 
CLE45 and CLE26 are specifically expressed in the root protophloem. 
Externally applied, they suppress phloem differentiation and as a 
consequence inhibit root growth. Here I will describe progress towards a 
comprehensive description of the CLE peptide signaling pathways that 
coordinate differentiation of the root protophloem, including well- 
characterized receptors such as BAM3 as well as newly identified 
downstream effectors, such as KREC. 
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ABSTRACT 

Formation of nitrogen-fixing nodules on legume roots requires infection by soil bacteria 
collectively referred to as Rhizobia, and initiation of cell divisions in the root cortex, 
several cell layers away from the infection site in the root epidermis. Cytokinins, play a 
major role in symbiotic nodule organogenesis since they are critical for initiating root 
cortical cell divisions at the onset of nodule initiation (Gamas et al., 2017). Cytokinin 
signalling leads to the activation of Type-B Response Regulators (RRBs) which are 
transcription factors regulating the expression of cytokinin primary response genes. 
Two genes involved in the nodulation process, namely Nodulation Signalling Pathway 
2 (NSP2) and Cell Cycle Switch 52A (CCS52A), are rapidly transcriptionally regulated 
by cytokinins, indicating that they are therefore direct or indirect targets of RRBs. 
MtRRB3, one the most highly expressed RRBs in Medicago truncatula roots and 
nodules, is required for the regulation of NSP2 and CCS52A by an exogenous cytokinin 
treatment. In addition, either plants silenced for MtRRB3 or rrb3 mutants show a 
significant decrease in rhizobial infection and symbiotic nodule number. Interestingly, 
the expression pattern of a translational RRB3-GUS fusion overlaps with that of 
pNSP2-GUS and pCCS52A-GUS transcriptional fusions in roots and nodules. 
Protoplast assays indicate that MtRRB3 can trans-activate the promoters of these two 
genes, in accordance with ChIP-qPCR assays showing that MtRRB3 interacts with 
NSP2 and CCS52A promoters. Taken together these results show a major role of 
MtRRB3 during early nodulation associated with direct regulation of a subset of CK-
regulated nodulation genes. 
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ABSTRACT 

bZIP transcription factors (TF) play a pivotal role in plant stress responses and 
development. Despite sharing conserved protein domains and binding to similar cis-
regulatory elements, ABA insensitive 5 (ABI5) and ABA-responsive elements-binding 
factors (ABFs) exhibit both distinct and overlapping functions. We generated genome-
wide binding profiles of ABI5 and ABFs. Thousands of TF target loci revealed the 
molecular basis that defines the regulatory differences and similarities of these TF 
networks. We will also discuss how these networks help to shape the developmental 
stage-specific abiotic stress responses.  
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ABSTRACT 

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 Omic 
analyses, and its function in the stress responses has been elucidated. The abiotic 
stress-inducible genes have been used for the development of technologies enhancing 
the abiotic stress tolerance. 

Recently, we found that the following  chemical and epigenome regulation 
mechanisms function in plant abiotic stress adaptation and tolerance. 1)  Ethanol 
enhances high-salinity stress tolerance in plants by detoxifying reactive oxygen 
species (ROS)a). 2) Mutation of HDA19 increases the tolerance to drought, high-salinity 
and heat stressesb),c). Suppression of HDA19 masks the phenotype caused by the 
suppression of class II HDACs (HDA5/14/15/18) in the salinity stress responseb). 

References: a) Nguyen, H.M. et al. Front. Plant Sci. 8, 1001 (2017); b) Ueda, M. et al. 
Plant Physiol. 175,1760-1773 (2017); c) Ueda, M. et al. Plant Signal. Behav. 13, 
e1475808 (2018). 
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ABSTRACT 

Flooded soils cause oxygen deficiency in roots, thereby negatively affect the growth 
and survival of plants. To adapt to flooding conditions, plants show a set of anatomical 
responses that includes the formation of aerenchyma (i.e. large, interconnected gas-
filled space), which is created as a result of the death and subsequent lysis of cortical 
cells. In rice roots, aerenchyma constitutively forms even under aerobic conditions and 
is induced under oxygen-deficient conditions. The former and latter are respectively 
designated as “constitutive” and “inducible” aerenchyma formations. We found that 
constitutive aerenchyma formation is reduced in the roots of a rice mutant, in which 
lateral root number is less than the background wild type due to the dominant negative 
effect of the mutated AUX/IAA protein. Aerenchyma formation in roots of the wild-type 
rice was also reduced by an auxin transport inhibitor, and the reduction was partly 
restored by the double treatment with a natural auxin. Our findings suggest that 
AUX/IAA proteins-mediated auxin signaling is involved in constitutive aerenchyma 
formation. On the other hand, inducible aerenchyma formation is triggered by ethylene, 
which accumulates in roots due to restricted gas diffusion to the rhizosphere and the 
enhancement of its biosynthesis. Recently, we found that reactive oxygen species 
(ROS) accumulation in rice roots mediated by an NADPH oxidase, respiratory burst 
oxidase homolog (RBOH), is stimulated by ethylene. Knockout of RBOHH led to the 
reduction of aerenchyma formation, suggesting that RBOHH-mediated ROS 
production is involved in the ethylene-dependent aerenchyma formation. 
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ABSTRACT 

The plant hormone abscisic acid (ABA) plays a critical role in drought resistance 
responses. The core signaling components are snf1-related protein kinases (SnRK2s) 
which are activated by ABA-dependent inhibition of type 2C protein phosphatases 
(PP2Cs). Activation of SnRK2 protein kinases requires phosphorylation of the SnRK2 
kinases themselves. It remains unclear whether the activation of SnRK2s is mediated 
by auto-phosphorylation or by other protein kinases and associated proteins in planta. 
Through a combination of a redundancy-circumventing genetic screen and 
biochemical analyses, we have identified functionally-redundant protein kinases that 
phosphorylate and activate the OST1/SnRK2 kinases in Arabidopsis. Mass-
spectrometry revealed a specific trans-phosphorylation site in OST1/SnRK2.6 that is 
targeted by these kinases and is required for strong SnRK2 activation. Reconstitution 
of full ABA-induced OST1/SnRK2.6 activation and SLAC1 anion channel activation 
require these kinases, suggesting that they are a new member of the early ABA 
signaling core. Higher-order knock-out plants show not only reduced sensitivity to ABA 
but also strongly impaired osmotic stress-induced SnRK2 activation. Our results 
demonstrate that these protein kinases are required for ABA- and osmotic stress 
signaling through activation of SnRK2 kinases. 
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ABSTRACT 

Previously, we reported that the cells around incised site began to proliferateafter 3 days and 
the incised tissue re-adhered after 7 days in incised Arabidopsis flowering stem. At 3–5 days 
after incision, wound-induced cambium, in which cell proliferation and active promoter activity 
of TDR (cambium-related gene) were promoted, were observed at parenchyma cells at inside 
of vascular tissue, and cells around vascular cambium at upper region of an incision. Prior to 
the formation of wound-induced cambium, ANAC071 and ANAC096, essential genes for 
tissue-reunion, were commonly expressed in these sites at 1-3 days after incision. 
The anac multiple mutants showed significantly decreased cell proliferation and TDR activity 
at wound-site. To show the detailed spatial and temporal gene expression profile and 
localization of phytohormone in cells undergoing tissue reunion, analysis of gene expression 
and quantification of IAAusing different tissue cells separately collected by laser micro-
dissection were also performed. ANAC071/096 was upregulated within 1 day after incision and 
the transcript was very intense in the epidermis/cortex in the upper region of cut gap. LC-
MS/MS analysis showed that IAA was accumulated in the epidermis/cortex and vascular 
tissues of the upper region of cut gap, and IAA levels were approximately two-three times 
higher in the upper region than in lower region of each tissue 1 hour after incision. From these 
results, ANAC071/096 are most likely up-regulated by auxin and redundantly involved in 
conversion from differentiated cells to cambial cells and cell proliferation during tissue-reunion. 
Quantification of other phytohormones and transcriptome analyses are also reported. 
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ABSTRACT 

The plant hormone auxin controls growth and diverse physiological processes through 
a complex transcriptional network that includes thousands of genes. Auxin regulates 
gene expression by promoting the degradation of transcriptional repressors called 
Aux/IAA proteins. The 29 Aux/IAA genes in Arabidopsis exhibit unique but partially 
overlapping patterns of expression. Although some studies have suggested that 
individual Aux/IAA genes have specialized functions, genetic analyses of the family 
have been limited by the lack of loss-of-function phenotypes. Recently, we 
demonstrated that several Aux/IAA proteins are required for drought tolerance in 
Arabidopsis. In our latest work, we show that the Aux/IAAs act by 
maintaining glucosinolate (GLS) levels in drought conditions. Further, we show that 
GLSs, normally associated with resistance to insect herbivory, also promote stomatal 
closure. Based on our work we propose that auxin acts to integrate growth and 
stomatal response during drought. GLSs are a relatively recent adaptation that are 
found primarily in the Brassicaceae. Our results suggest that in addition to their role in 
defense, they are recently evolved signaling molecules.  
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ABSTRACT 

Strigolactones are an ancient class of hormones controlling many aspects of plant 
growth. These compounds are exuded in the rhizosphere to signal the presence of a 
host root to parasitic weeds (Striga, Orobanche) and symbiotic arbuscular mycorrhizal 
fungi. The strigolactone receptor, D14 in rice, AtD14 in Arabidopsis, RMS3 in pea, 
belongs to the superfamily of α/β-hydrolases and its enzymatic activity has been 
conserved, enabling strigolactone hydrolysis. 

Our lab developed profluorescent probes with strigolactone-like bioactivity in order to 
characterize the binding and catalytic functions of strigolactone receptors in different 
species. Various probes were synthesized and their bioactivities evaluated to perform 
structure-activity relationship studies. With these tools, we proposed an explanation to 
the apparent low enzymatic rate of the strigolactone receptor in vascular plants. The 
formation of a covalent protein/ligand complex with the histidine of the catalytic triad, 
essential for bioactivity, was demonstrated by mass spectrometry. These results 
revealed a previously undescribed mechanism of plant hormone perception where the 
receptor itself performs an irreversible enzymatic reaction to generate its own ligand. 
The need of SL hydrolysis is still debating therefore we will discussed this aspect by 
using non-hydrolysable SL that could help to clarify the mechanism. 

Interestingly, a diversification of strigolactone receptor homologues is observed in 
some species, in particular in parasitic plants and in the basal plant Physcomitrella 
patens. To investigate the perception mechanism by these homologs, as well as their 
diversification across evolution, we are now characterizing these receptors in the 
parasitic plant Phelipanche ramosa and moss Physcomitrella patens. 
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ABSTRACT 

In animals, hormonal control of development and metabolism often occurs by direct 
transcription factor-hormone interactions to modulate gene expression. In contrast, the 
mechanism most commonly observed in plant hormone signalling is based on 
derepression via degradation of transcriptional repressors. For example, increased 
levels of the plant hormone auxin lead to degradation of Aux/IAA repressor proteins 
thereby relieving the repression of Auxin Response Factors (ARFs). Recently, we 
uncovered a fundamentally different mechanism of auxin signalling required for tissue 
polarity establishment and with the ARF, ETTIN (ETT) as a key component. This 
mechanism is reminiscent of animal hormone signalling in that it affects the activity of 
the hormone-sensitive unit towards regulation of target genes without the requirement 
for protein degradation. Here, further molecular details on how auxin mediates its effect 
on ETT-controlled gene expression will be presented. Our data show that ETT directly 
and specifically binds the natural auxin, indole 3-acetic acid (IAA), leading to 
dissociation from co-repressor proteins of the TOPLESS/TOPLESS-RELATED 
(TPL/TPR) family and induction of target genes via histone acetylation. Contrary to 
other ARFs, ETT can therefore switch between repressive and activating states in an 
auxin-dependent and instantly-reversible mechanism that appears particularly suitable 
for precise polarity establishment during organ development. 
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ABSTRACT 

Plants have evolved unique membrane receptor kinases which control plant growth 
and development and which form the first layer of the plant immune system. Many of 
these receptors harbor leucine-rich repeat (LRR) ectodomains. I will present a 
genetically validated mechanistic view on how these receptors are able to bind different 
small molecule and peptide ligands, and how ligand recognition at the cell surface 
leads to receptor activation and downstream signaling in the cytoplasm. Finally, I will 
present a family of receptor pseudokinases, which negatively regulate these signaling 
pathways, possibly creating sharper signal transitions. 

References 
Hohmann U, Nicolet J, Moretti A, Hothorn LA, Hothorn M (2018) The SERK3 
elongated allele defines a role for BIR ectodomains in brassinosteroid signalling. 
Nature Plants 4:345-351 
Hohmann U, Santiago J, Nicolet J, Olsson V, Spiga FM, Hothorn LA, Butenko MA, 
Hothorn M (2018) Mechanistic basis for the activation of plant membrane receptor 
kinases by SERK-family coreceptors. PNAS 115(13):3488-3493 
Hohmann U, Lau K, Hothorn M (2017) The Structural Basis of Ligand Perception and 
Signal Activation by Receptor Kinases. Ann Rev Plant Bio 18(8):1367-138 
Santiago J Brandt B, Wildhagen M, Hohmann U, Hothorn LA, Butenko MA, Hothorn 
M (2016) Mechanistic insight into a peptide hormone signaling complex mediating 
floral organ abscission. eLife doi: 10.7554/eLife.15075 
Santiago J, Henzler C, Hothorn M (2013) Molecular Mechanism for Plant Steroid 
Receptor Activation by Somatic Embryogenesis Co-Receptor Kinases. Science 
341:889-92 
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ABSTRACT 

Gibberellin (GA) promotes growth and reduces tolerance to drought. Inhibition of GA 
activity reduces transpiration and increases tolerance to water-deficit stress. Although 
the effects of GA on transpiration is not linked to growth, reduced GA affects both, 
limiting the use of GA deficiency to develop drought-tolerant crops.  Tomato has three 
GID1 GA-receptors; GID1a, GID1b1, and GID1b2. To test if mutation in a single 
receptor reduces transpiration without a significant effect on growth, we generated 
CRISPR-Cas9 derived gid1 single, double and triple mutants and studied their 
contributions to GA-regulated growth and transpiration. The gid1 triple mutant was 
extremely dwarf and fully insensitive to GA. Under optimal growth conditions, the three 
receptors function redundantly in the regulation of germination, growth and gene 
expression. Among the three receptors, GID1a had the strongest effects on these 
processes. Yeast two-hybrid assays suggested that GID1a has the highest affinity to 
the tomato DELLA protein PROCERA. Under controlled growth-conditions the gid1 
mutants showed reduced transpiration and increased tolerance to drought stress, 
without a significant effect on growth. However, when these mutants were grown in the 
field under ambient changing environments, they showed phenotypic instability, the 
high redundancy was lost and gid1a and its double mutants exhibited dwarfism. These 
results suggest that redundancy in GA sensing contributes to phenotypic stability under 
environmental extremes. 
 
Natanella Illouz-Eliaz 
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ABSTRACT 

Joint corresponding authors: K. Ljung, C. Turnbull 

Cytokinins are multifunctional plant hormones orchestrating development and stress 
resilience. Although cytokinin receptors are predominantly localized to the endoplasmic 
reticulum, the cellular sites of cytokinin perception continue to be debated. There are several 
active forms of cytokinin and their distribution in Arabidopsis root forms a cell-specific gradient. 
Yet, the importance of spatially heterogeneous distribution of the hormone and the specific 
cytokinin(s) accounting for the downstream response remain unclear. Here we demonstrate 
that bioactive cytokinins exist in the apoplastic space and that their extracellular perception at 
the plasma membrane is an effective path for cytokinin response in root cells. Although ER-
localized receptors play significant roles, we argue that there is a need to consider all concepts 
of cytokinin perception including the spatial dimensions. In particular, selective ligand-receptor 
affinities, cellular localization and tissue distribution of bioactive cytokinins, their receptors, 
transporters and inactivation enzymes appear all to be components of the signalling regulatory 
mechanisms. 
 
Ioanna Antoniadi 
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Structure-based development of potent ABA antagonists that 
completely block PYL-PP2C interactions 

 

J. Takeuchi 1, N. Mimura 1, M. Okamoto 2, S. Yajima 3, M. Sue 3, T. Akiyama 
3, K. Monda 4, K. Iba 4, T. Ohonishi 1, Y. Todoroki 1 

1Shizuoka University - Shizuoka (Japan), 2Utsunomiya University - Utunomiya 
(Japan), 3Tokyo University of Agriculture - Atsugi (Japan), 4Kyushu University - 
Fukuoka (Japan) 
 
 

ABSTRACT 

Signaling by the plant stress hormone abscisic acid (ABA) is triggered by activation of 
PYR/PYL/RCAR receptors (PYLs) to bind and inhibit group-A protein phosphatases 
2C (PP2Cs), which normally repress ABA signaling as a negative regulator. We 
previously created 3′-hexylsulfanyl-ABA (AS6), which interferes with PYL-PP2C 
interactions through protrusion of the 3′-hexyl chain from a tunnel (3′-tunnel) that opens 
at the PP2C binding interface. This finding not only validated our structure-based 
approach to the design of a PYL antagonist, but also provided a basis for the 
development of a more potent antagonist. In this study, we focused on a conserved 
tryptophan of PP2Cs, that is inserted into another small tunnel (4′-tunnel) adjacent to 
ABA’s C4′ in the PYL-ABA complex and plays a crucial role in the formation and 
stabilization of the PYL-ABA-PP2C complex. We reasoned that a ligand impairing the 
invasion of the tryptophan should block PYL-PP2C interactions, and thus ABA 
signaling, so we designed and synthesized 4′-O-phenylpropynyl ABA analogs as novel 
PYLs antagonists (PANs). Structural, thermodynamic, biochemical, and physiological 
studies demonstrated the success of this strategy; our best compound (PANMe) has 
10-fold greater affinity for PYLs than AS6. More notably, PANMe, unlike AS6, 
completely blocked ABA-induced PYL-PP2C interactions in vitro, acting as a full 
antagonist in vivo. This study provides a new approach for the design of complete 
PYLs antagonists, which function as chemical tools to dissect the complicated 
regulatory mechanism of ABA signaling in plants. 
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Legumes are different - does cytokinin response determine 
nodulation ability in legumes? 

 

C. Gauthier-Coles 1, R. White 2, U. Mathesius 1 

1Australian National University, Research School of Biology - Canberra 
(Australia), 2CSIRO Agriculture - Canberra (Australia) 
 
 

ABSTRACT 

Most legumes form a symbioses with rhizobia that results in the development of 
nodules from the root cortex, while actinorhizal plant species form lateral root-based 
nodules with actinomycetes, and most other plant species cannot form any symbiotic 
root nodules. So far, it remains unknown why only legumes form nodules with rhizobia. 
Application of cytokinin is sufficient for ‘pseudonodule’ initiation in model legumes, i.e. 
the ability to initiate nodule development in the absence of rhizobia. We tested whether 
this response predicts the ability to nodulate across a range of plant species. We 
analyzed the formation of pseudonodules in 17 nodulating and non-nodulating legume 
species, and 11 non-legumes, including nodulating actinorhizal species. Development 
of pseudonodules arising from cortical cell divisions occurred in response to cytokinin 
in all nodulating legume species tested, but not in any of the other species, including 
non-nodulating legumes or nodulating actinorhizal species. Pseudonodule formation 
was dependent on the CRE1 cytokinin receptor and the presence of flavonoids, which 
act downstream of cytokinin signaling during nodulation, in the model legume, 
Medicago truncatula. Inhibition of root growth and lateral root formation by cytokinin 
occurred across plant groups, suggesting that pseudonodule development is the result 
of a specific cortical cytokinin response unique to nodulating legumes. Lack of a cortical 
cytokinin response from the Arabidopsis thaliana cytokinin reporter TCSn::GFP 
supported this hypothesis. This suggest that the ability to form cortical cell-derived 
nodules was gained in nodulating legumes, and likely lost in non-nodulating legumes, 
due to a specific root cortical response to cytokinin. 
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The plant parasitic protist Plasmodiophora brassicae alters host 
hormone metabolism to modify clubroot symptoms? 

 

J. Ludwig-Müller 1, S. Jülke 1, F. Benade 1, S. Breitenbach 1, N. Bauer 2, 
A. Smolko 3, B. Salopek-Sondi 3 

1Technische Universität Dresden - Dresden (Germany), 2University of Zagreb - 
Zagreb (Croatia), 3Institute Rudjer Boskovic - Zagreb (Croatia) 
 
 

ABSTRACT 

The clubroot disease symptoms of Brassicaceae, caused by the soilborne obligate 
biotrophic pathogen Plasmodiophora brassicae, are determined by the modulation of 
plant hormones such as auxins and cytokinins inducing hypertrophies and metabolic 
sinks in root galls, but also the status of defense hormones is altered. Arabidopsis 
thaliana is used as a model host to understand the molecular biology underlying these 
processes. The genome sequence of P. brassicae has opened up novel approaches 
to study the protist. We could identify several genes encoding putative plant hormone 
metabolizing enzymes, such as a SABATH-type methyltransferase, but also a GH3-
family protein involved in the conjugation and thereby inactivation of indole-3-acetic 
and jasmonic acids. Further, a functional cytokinin oxidase was found. Since P. 
brassicae cannot be routinely transformed, we use heterologous hosts such 
as Escherichia coli or A. thaliana to determine the function of P. brassicae genes / 
proteins. Selected mutants in plant pathways are also included to investigate which 
function the mutated or overexpressed plant gene might have in clubroot formation. 
The analysis will provide a model for the interplay of plant and pathogen metabolism 
to fine-tune the hormonal homeostasis of the host. 
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Local and systemic signaling pathways regulating root system 
architecture in the Medicago truncatula legume 

 

F Frugier 1 

Institute of Plant Sciences - Paris Saclay (IPS2), CNRS - Gif-Sur-Yvette (France) 

ABSTRACT 

Legume plants adapt their root system to environmental conditions by modulating 
lateral root development and additionally by forming nitrogen-fixing nodules following 
a symbiotic interaction with rhizobia soil bacteria. Genetic data indicate that root and 
nodule development involves related regulatory pathways, including hormones. An 
example is the cytokinin hormone which locally regulates lateral root and nodule 
organogeneses antagonistically depending on different cytokinin receptors and notably 
MtCRE1 (1,2,3). In addition, cytokinins also regulate antagonistically different early 
symbiotic nodulation processes depending on the root tissue considered (3,4). 
Signalling crosstalks with several other hormones known to regulate nodule initiation 
were highlighted, such as with gibberellins, contributing to modulate legume root 
system architecture (5,6). 

Root and nodule development is also regulated depending on environmental 
conditions by systemic pathways acting from shoots. This includes signalling peptides 
such as CEPs (C-terminally Encoded Peptides) perceived by the CRA2 (Compact Root 
Architecture 2) Leucine Rich Repeats – Receptor-Like Kinase (7,8). The integration 
between local and systemic pathways is essential for the dynamic regulation of root 
system architecture in fluctuating environments. 

(1) Plet et al. (2011) Plant J. 65: 622-33 
(2) Boivin et al. (2016) Plant Cell Environ. 39:2198-209 
(3) Gamas et al., (2017) Trends Plant Sci. 22:792-802 
(4) Jardinaud et al. (2016) Plant Phys. 171:2256-76 
(5) Fonouni-Farde et al. (2016) Nat. Commun. 7:12636 
(6) Fonouni-Farde et al. (2017) Plant Physiol. 175:1795-1806 
(7) Huault et al. (2014) Plos Genetics 10: e1004891 
(8) Mohd-Radzman et al. (2016) Plant Physiol. 171:2536-48 

 Funding: “NodCCAAT” and “PSYCHE” ANR projects 
 
Florian Frugier 
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From inside to the outside: exuded Cytokinins act as signaling 
molecules within the rhizosphere to trigger haustorium 
formation in the holoparasitic plant Phelipanche ramosa. 

 

G. Montiel 1, E. Billard 1, V. Goyet 1, J.B. Pouvreau 1, V. Le Vourch 1, L. 
Spíchal 2, P. Simier 1 

1, Laboratoire de Biologie et de Pathologie Végétale, Université de Nantes - 
Nantes (France), 2Department of Chemical Biology and Genetics, Centre of the 
Region Haná for Biotechnological and Agricultural Research, Faculty of Science, 
Palacký University - Olomouc (Czech Republic) 
 
 

ABSTRACT 

The heterotrophic lifestyle of parasitic plants relies on the development of a 
haustorium, a key infectious organ required for attachment and invasion of the host 
root, connection to the vascular system and spoliation of host’s resources. While 
haustorium development was shown to be initiated upon chemodetection of host 
derived phenolic compounds in either facultative (Triphysaria versicolor, 
Phtheirospermum japonicum) or obligate root hemiparasitic plants (Striga sp), the 
induction of haustorium formation remained largely misunderstood in holoparasitic 
species such as Phelipanche ramosa. 

Our result show that root exudates of the host plant Brassica napus contain 
allelochemicals displaying a haustorium inducing activity on P. ramosa germinating 
seeds which increases the parasite aggressiveness. Bio-guided HPLC fractionation of 
B. napus, Arabidopsis thaliana and Solanum lycopersicum root exudates showed that 
haustorium inducing activities were present in fractions 9 and 16 in all plants. UPLC-
MS analysis showed that fraction 9 of B. napus root exudates contained a cytokinin 
with dihydrozeatin characteristics. Direct treatments with cytokinins during bioassays 
induced haustorium formation and increased parasite aggressiveness and expression 
of cytokinin marker genes was detected in response to cytokinins, crude root exudates 
and fraction 9 but not fraction 16 in P. ramosa germinating seeds.Root exudates from 
A. thaliana mutant plants for cytokinin biosynthesis, transport and degradation showed 
a decrease of haustorial activity. These results suggest that cytokinins constitutively 
exuded from host roots act as rhizosphere signaling molecules that play a major role 
in haustorium induction and parasite aggressiveness in P. ramosa. 
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Characterizing Ethylene Receptors in a Soil Bacterium 

 

T.S. Carlew 1, T. Mukherjee 1, L. O'neal 1, A. Bakshi 2, R. Lacey 3, G. 
Alexandre 1, B. Binder 1 

1University of Tennessee - Knoxville (United States), 2University of Wisconsin - 
Madison (United States), 3Victoria University of Wellington - Victoria (New 
Zealand) 
 
 

ABSTRACT 

Ethylene is well known as a plant hormone and has been studied in plants for over 100 
years. However, it is only recently that a functional ethylene receptor was described in 
the cyanobacterium, Synechocystis. A search of sequenced genomes reveals many 
putative ethylene receptors in a diverse set of cyanobacterial and proteobacterial 
species. A large number of the proteobacterial species are non-pathogenic soil 
bacteria that associate with plant roots. Because of this, we were interested to know if 
ethylene affects bacterial physiology and association with roots. For this, we have 
focused on the rhizobacteria Azospirillum brasilens, which contains one putative 
ethylene receptor we call AzoEtr1. We show that A. brasilense and exogenously 
expressed AzoEtr1 binds ethylene. Further, disrupting this gene or treating bacteria 
with ethylene alters several physiological responses in the bacterium including biofilm 
formation, flocculation, and colony morphology. Analysis of bacterial behavior in the 
presence of several plant species suggests that ethylene perception by A. brasilense 
is important for root colonization. 
 
Brad Binder 
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Regulation of ABCG36/PEN3/PDR8 during Fusarium 
oxysporum infection involves the LRR receptor-like kinase, 
ALK1 

 

M. Geisler 1 

University of Fribourg - Fribourg (Switzerland) 
 
 

ABSTRACT 

The PDR-type ABCG transporter, ABCG36/PDR8/PEN3, is thought to be implicated in 
the export of a few structurally unrelated substrates, involved in biotic and abiotic stress 
phenomena, including the auxin precursor, indole-3-butyric acid (IBA). An outward 
facing, lateral root location for ABCG36 fuelled speculations that it might secrete IBA 
into the rizhosphere critical for plant-microbe interaction. 

Here we provide strong evidence that ABCG36 catalyses the export of IBA over the 
plasma membrane. Interestingly, ABCG36 expression and polarity is specifically 
distorted upon F. oxysporum root infection, which can be phenocopied by IBA 
treatments. In order to identify a controlling element for this event, we identified the 
leucin-rich repeat receptor-like kinase, Auxin-induced LRR Kinase 1 (ALK1), as a 
functional ABCG36 interactor. Transport experiments and quantitative proteomics 
identified phosphorylation sites that are responsible for a negative, ALK1-specific 
regulatory impact on ABCG36 transport activity. A common function of ABCG36 and 
ALK1 in the same defense pathway is supported by enhanced susceptibility for F. 
oxysporum found for both ABCG36and ALK1mutant alleles. 

Our findings identify a novel mode of ABC transporter regulation by a LRR receptor-
like kinase and contribute to our understanding of this module during auxin-controlled 
plant-pathogen interaction. 
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Flowering behavior in the alpine Arabis alpina regulates perennial 

plant architecture 
 

 

M Albani 1 

 

University of Cologne - Cologne (Germany) 

 

ABSTRACT 

Flowering induces the release of apical dominance and the basipetal activation of 

axillary buds, a phenomenon observed in diverse annual species. Perennials have a 

complex plant architecture. Arabis alpina, a perennial relative of Arabidopsis thaliana, 

maintains a zone of dormant buds placed between subapical axillary vegetative 

branches and basal flowering branches.  The flowering process of A. alpina is spread 

over multiple seasons, and similar to many perennials, the stages of flower bud initiation 

and anthesis are temporarily separated. In A. alpina flower buds are initiated during 

vernalization which results in the activation of buds in subapical nodes. We show that 

flowering during vernalization is the key to ensure the maintenance of dormant buds 

over multiple seasons. Flowering and vegetative buds initiated during vernalization, 

outgrow rapidly after the return to warm temperatures. This growth pattern causes an 

increase in auxin response and transport and endogenous indole-3-acetic acid (IAA) 

levels in the stem and dominates the growth of lower buds in a mechanism partially 

dependent on BRANCHED1. 
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Die another day: the control of reproductive life length in 

monocarpic plants 

 

C Ferrándiz 1 

 

Instituto de Biologia Molecular y Celular de Plantas. CSIC-UPV - Valencia (Spain) 

 

ABSTRACT 

Monocarpic plants have a single reproductive cycle in their lives; the initiation of this 

cycle is determined by the flowering transition, and the end, and therefore life span, is 

determined by the coordinated arrest of all meristems, known as global proliferative 

arrest (GPA). In Arabidopsis and many other monocarpic plants, we have a wealth of 

information about the onset flowering, but, in contrast, very little is known about the 

cessation of flowering, that is, the molecular bases and the signalling mechanisms 

controlling meristem arrest. Our group has recently uncovered a novel genetic 

pathway regulating GPA in Arabidopsis that responds to age dependent factors and is 

conserved in different species, the FRUITFULL-APETALA2 (FUL-AP2) pathway, that 

controls the temporal maintenance of WUSCHEL expression and SAM activity. 

Interestingly, the FUL-AP2 pathway acts in parallel with systemic cues of unknown 

nature from developing seeds, but the possible crosstalk between them has not been 

uncovered yet. To address these questions, as well as to find out new players involved 

the GPA regulation, acting in parallel or downstream the module FUL-AP2, we are 

implementing different genetic, molecular and whole genome approaches. Our latest 

progress in these directions will be presented. 
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Gibberellin and microRNAs orchestrate reproductive 

development in tomato 

 

F Nogueira 1, G. Silva 1, J. Corrêa 1 

ESALQ/University of Sao Paulo - Piracicaba (Brazil) 

 

 

ABSTRACT 

Plant reproductive development is an important factor that determines agronomic field 

production. Age-regulated microRNA156 (miR156) and targets similarly control the 

competence to flower in diverse species. In contrast, the diterpene hormone gibberellin 

(GA) and the miRNA319-targeted TCP transcription factors promote flowering in the 

facultative long-day Arabidopsis thaliana, but suppress it in the day-neutral tomato. 

Recently, we show that tomato PROCERA/DELLA activity is required to promote 

flowering along with the miR156-targeted SQUAMOSA PROMOTER BINDING–LIKE 

(SPL/SBP) transcription factors. Conversely, miR319-targeted LANCEOLATE/TCP4 

represses tomato floral transition by increasing GA levels and inactivating flowering-

associated genes at the shoot apex. Our results reveal a cooperative regulation of 

tomato floral induction and flower development, integrating age cues (miR156 module) 

with GA responses and miR319-controlled pathways. Importantly, we will discuss our 

more recent results showing how miR156 and miR319 modules integrate with GA 

responses to pattern carpel tissues and control fruit development, therefore 

highlighting the importance of the interplay between microRNAs and phytohormones 

to control reproductive development. 
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A role for the L-AFL transcription factors in organ patterning 
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Centre for Biomolecular Research (NCBR), Faculty of Science, Masaryk 

University - Brno (Czech Republic), 3Laboratory of Growth Regulators, Centre of 

the Region Haná for Biotechnological and Agricultural Research, Palacký 

University & Institute of Experimental Botany AS CR - Olomouc (Czech Republic), 
4John Innes Centre - Norwich (United Kingdom), 5Department of Plant Science, 

McGill University - Montreal (Canada) 

ABSTRACT 

A regulated auxin distribution is essential for pattern formation during organogenesis. 

In the gynoecium, the female reproductive organ in flowering plants, auxin has a tightly 

controlled dynamism, in time and space, shaping the complex morphology of the 

organ. We hypothesized a role for the L-AFL network of transcription factors in the 

regulation of auxin distribution in gynoecium. A lec1 knockout allele (lec1-2) displays 

pleiotropic phenotypes. Notably, lec1-2 gynoecia are defective in style development 

and show a medial and/or lateral split-type phenotype. In addition to the gynoecium 

phenotype, lec1-2 also shows a decreased number of seeds per silique and an altered 

number of floral organs, suggesting that the lec1-2 mutation affects organogenesis as 

early as in the floral meristem. Moreover, we observed organ-specific genetic 

interactions among the members of the L-AFL family, LEC1, ABI3 and FUSCA3. To 

assess the involvement of auxin in the lec1-2 gynoecium patterning defects, the 

expression pattern of auxin markers was studied. Interestingly, variable expression 

patterns of the DR5 auxin reporter are observed in lec1-2 when compared to WT, 

suggesting that LEC1 is needed for proper auxin distribution during gynoecium 

development. Using yeast one-hybrid, we showed that LEC1, LEC2 and ABI3 bind to 

some auxin biosynthesis promoters. However, further analyses are in progress to 

determine whether LEC1 is regulating auxin distribution through auxin transport, 

signalling or biosynthesis.  

This work is supported by MEYS CR within the CEBR project (CZ.02.1.01 / 0.0 / 0.0 / 

16_019 / 0000738) and within CEITEC CF CELLIM (LM2015062 Czech-BioImaging). 
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The ethylene precursor, ACC, acts as a signal for pollen tube 

guidance in Arabidopsis 

 
 

W. Mou 1, Y.T. Kao 1, D. Li 1, M.M. Wudick 1, J.A. Feijó 1, C. Chang 1 

University of Maryland, College Park - College Park (United States) 

 

ABSTRACT 

In seed plant reproduction, pollen tubes grow down within the pistil and turn toward 

the ovules to release sperm cells into the embryo sac leading to seed development. 

The attraction of pollen tubes to ovules is a critical step in this process, yet the signaling 

mechanisms remain unclear. A previously published octuple mutant in all eight of the 

Arabidopsis genes responsible for synthesizing the ethylene precursor, 1-

aminocyclopropane-1-carboxylic acid (ACC), produces very little ethylene and has 

fewer seeds than the wild type. We generated independent ACC synthase (acs) octuple 

mutants, which similarly display reduced seed numbers. The seed number defect is 

not rescued by ethylene nor detected in ethylene-insensitive mutants, raising the 

possibility that ACC itself plays a role. Reciprocal genetic crosses revealed that the 

maternal sporophyte is responsible for the seed number defect. Fewer pollen tubes 

turned toward acs octuple mutant ovules than wild-type ovules within pollinated pistils, 

whether using pollen from the wild type or from ethylene-insensitive mutants. 

Furthermore, we found that the defect lies with the ovules, using a semi-in vivo pollen 

tube assay, in which wild type and acs octuple mutant ovules are placed in competition. 

Treating the acs octuple mutant ovules with 1 uM ACC restored pollen tube attraction 

but ACC alone without ovules did not attract pollen tubes. Our findings reveal that ACC 

in the ovule sporophyte tissue is involved in pollen tube guidance and indicate a 

signaling role for ACC independent of its long-known role as the ethylene precursor. 
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Plant acyl-CoA-binding proteins are important in reproductive 

development 
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Kong) 

 

ABSTRACT 

Acyl-CoA-binding proteins (ACBPs) show conservation at the acyl-CoA-binding 

domain which facilitates binding to long-chain acyl-CoA esters. ACBPs are known to 

exist in many eukaryotes, including animals and plants. Previous reports have revealed 

that mutations in genes encoding ACBPs adversely affected embryo development in 

mice as well as plants. This is not surprising given that lipids play significant and diverse 

roles. In plants, lipids are essential in the formation of cellular membranes, surface 

structures, storage compounds, and defense and signaling molecules. Six genes 

encoding ACBPs have been identified in each of the model plants, Arabidopsis and 

rice. Many of these ACBPs appeared to function in plant development and stress 

responses. Using T-DNA insertional mutants and reporter gene fusions we established 

that Arabidopsis AtACBPs play significant roles in reproduction. The ankyrin-repeat-

containing AtACBP1 and AtACBP2 were observed to play important roles in early 

embryogenesis because the acbp1acbp2 double mutant was embryo lethal. As the 

cytosolic AtACBPs (AtACBP4 to AtACBP6) were expressed in developing flowers and 

siliques, their function in floral and seed development were addressed using single, 

double and triple mutants. Our results suggest that all three cytosolic AtACBPs play 

combinatory roles in acyl-lipid metabolism in developing flowers and seeds. More 

recently, rice ACBPs have been observed to be highly expressed in seeds in 

quantitative real-time PCR analysis, consistent with microarray data. The importance 

of plant ACBPs in reproductive development will be discussed. 

Funded by the Research Grants Council of Hong Kong [17105615M] and NSFC-RGC 

[N_HKU744/18] 
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Hormone signaling in arbuscular mycorrhiza development 
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ABSTRACT 

Most land plants form symbiotic associations termed arbuscular mycorrhiza (AM) with 
fungi of the Glomeromycotina. The obligate biotrophic AM fungi receive up to 20% of 
the plant’s photosynthetically fixed carbon and, as a consequence, this symbiosis 
significantly contributes to global carbon cycles with an estimated carbon flow of 5 
mega tons per year. In turn, AM fungi improve plant mineral nutrition, especially with 
phosphate. They take up mineral nutrients from the soil via their extended extraradical 
hyphal network and deliver them into root cortex cells through highly branched tree-
shaped hyphal structures, called arbuscules. The ability of AM fungi to increase plant 
nutrition can greatly contribute to sustainable agricultural practices with reduced 
chemical fertilizer input. Symbiosis establishment is initiated with an interchange of 
diffusible signaling molecules ensuring reciprocal recognition and promoting 
symbiosis-facilitating responses of both partners. The fungus then enters the root, 
which requires step wise plant cell-developmental changes in the root epidermis as 
well as the cortex until colonization culminates in the formation of arbusucles inside 
root cortical cells. The development of AM is largely under plant control and plant 
hormones are emerging as important regulators of this process, with some hormones 
promoting and others inhibiting root colonization. I will report on our progress in 
understanding the molecular mechanisms of promotive karrikin and suppressive 
ethylene signalling in the development of AM symbiosis.  
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Balancing tradeoffs between biotic and abiotic stress responses 
through stress hormone crosstalk 
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ABSTRACT 

In nature, plants are exposed simultaneously to conflicting stresses. Because stress 
responses are costly, plants need to coordinate stress responses to minimize fitness 
costs. However, the nature and extent to which plants employ inducible mechanisms 
to cope with combined biotic and abiotic stresses remains unknown. We found that 
biotic and abiotic stress responses are differentially prioritized in Arabidopsis thaliana 
leaves of different ages to maintain growth and reproduction under combined biotic 
and abiotic stresses. High salinity and drought blunted immune responses in older 
rosette leaves through abscisic acid signaling, whereas this antagonistic effect was 
blocked in younger rosette leaves by PBS3, a signaling component of salicylic acid. 
Plants lacking PBS3 exhibited enhanced abiotic stress tolerance at the cost of 
decreased fitness under combined biotic and abiotic stresses. Together with this role, 
PBS3 was also indispensable for the establishment of salt stress- and leaf age-
dependent phyllosphere microbiota. Collectively, our work reveals a mechanism that 
balances trade-offs upon conflicting stresses at the organism level and identifies a 
genetic intersection between plant immunity, leaf microbiota, and abiotic stress 
tolerance. 
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HYDROSIGNALLING: uncovering how roots sense water 
availability 

 
 

M.J. Bennett 1 
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UK. - Nottingham (Royaume-Uni) 
 

ABSTRACT 

Soil resources plants require are often distributed in a highly heterogeneous pattern. 
To aid foraging, root growth and development is highly responsive to soil signals. As a 
result, root architecture is shaped by myriad environmental signals to ensure resource 
capture is optimised. For example, our team has used X-ray microCT based imaging 
to reveal that soil-water contact profoundly impacts root branching pattern. New water-
related adaptive responses discovered using the CT approach include Hydropatterning 
(Bao et al, 2014, PNAS) and Xerobranching (Orman-Ligeza et al, 2018, Current 
Biology) where lateral roots only form when in direct contact with moisture. We have 
also characterised the underlying regulatory mechanisms that control these adaptive 
responses. For example, during my seminar I will describe how hydropatterning is 
dependent on core auxin signalling components being targets of an environmentally 
regulated post-translational modification system that determines the positioning of new 
lateral root branches (Orosa et al, 2018, Science).  
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Peptide signaling in plants: from functional dissection to non-
peptide antagonist development 

 
 

Y Matsubayashi 1 
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ABSTRACT 

Intercellular signaling mediated by peptide hormones and membrane-localized 
receptor kinases plays crucial roles in plant developmental processes. We explored 
peptide hormones by in silico gene screening coupled with biochemical peptide 
detection followed by exhaustive receptor binding assay, which led to the identification 
of several peptide ligand receptor pairs in plants. Some of these peptides act as local 
signals during plant growth and development, whereas others are root-to-shoot long-
distance signals required for environmental adaptation. In addition to secreted 
peptides, phloem mobile non-secreted polypeptides are another class of long-distance 
signals that are critical for plant development. Although plants do not have a circulation 
system, they have evolved sophisticated long-distance signaling mechanisms to 
respond to fluctuating environments using xylem-mobile ascending peptides and 
phloem mobile descending peptides. 

We also established a high-throughput screening system using a bead-immobilized 
receptor kinase and fluorescent-labeled peptide ligand to identify small molecules that 
bind peptide hormone receptors in competition with natural ligands. We used the 
Arabidopsis CLE9-BAM1 ligand-receptor pair to screen a library of ≈30,000 chemicals 
and identified one compound as an antagonist for BAM1. Our solid-phase screening 
system holds enormous potential for use in both practical applications and fundamental 
studies of plant growth and development. 
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ABSTRACT 

In plants, the position of lateral roots (LRs) depends on initiation sites induced by auxin. 
The domain of high auxin response responsible for LR initiation stretches over several 
cells, but only a pair of pericycle cells (LR founder cells) will develop into LRs. We 
identified a signaling cascade controlling LR formation through lateral inhibition. It 
comprises a peptide hormone TARGET OF LBD SIXTEEN 2 (TOLS2)/PAMP-
INDUCED PEPTIDE-LIKE 3 (PIPL3), its receptor RLK7, and a downstream 
transcription factor PUCHI (Toyokura et al., Developmental Cell, 2019). TOLS2/PIPL3 
is expressed at the LR founder cells and inhibits LR initiation. Time-lapse imaging of 
auxin-responsive DR5:LUCIFERASE reporter expression revealed that occasionally 
two pairs of LR founder cells are specified in close proximity even in wild-type and that 
one of them exists only transiently and disappears in an RLK7-dependent manner. We 
propose that the selection of LR founder cells by the TOLS2/PIPL3 peptide hormone-
RLK7 receptor cascade ensures proper LR spacing. 
 

PLENARY 5 



54 

 

P5-3 

 
IRON MAN/FEP peptides control the systemic regulation of iron 
homeostasis 

 

L Grillet 1, P. Lan 2, W. Li 3, G. Mokkapati 1, 4, W. Schmidt 1, 5 

1Institute of Plant and Microbial Biology - Academia Sinica - Taipei (Taiwan, Republic 
of china), 2Institute of Soil Science - Chinese Academy of Sciences - Nanjing (China), 
3Nanjing Forestry University - Nanjing (China), 4National Chung-Hsing University - 
Taichung (Taiwan, Republic of china), 5National Chung-Hsing University - Taipei 
(Taiwan, Republic of china) 
 
 

ABSTRACT 

Iron (Fe) is an essential mineral nutrient which severely affects the growth, yield and 
nutritional quality of plants if not supplied in sufficient quantities. A sequence motif 
analysis of transcriptome data from Fe-deficient rice and Arabidopsis plants identified 
a short C-terminal amino acid motif that is conserved across numerous, highly diverse 
peptides in angiosperms. In Arabidopsis, overexpression of the ORFs induced Fe 
uptake genes in roots, causing accumulation of iron and manganese in all plant parts 
including seeds. The genes have therefore been called IRON MAN (IMA). 
Interestingly, IMA1 overexpression also triggers the root secretion of coumarins which 
promote plant growth on alkaline media by increased mobilization of Fe precipitates. 
Silencing of all eight IMA genes harbored by the Arabidopsis genome via 
CRISPR/Cas9-mediated gene editing abolished induction of Fe uptake during Fe 
deficiency, and caused severe chlorosis in leaves of the octuple mutant ima8x. 
Expressing EYFP:IMA1 under the control of IMA1 promoter in ima8x restored a wild-
type phenotype. IMA1 is expressed in the phloem and reciprocal grafting showed that 
IMAs control the systemic signaling of Fe deficiency, conveying the iron status of the 
leaves to the roots in order to adjust the root uptake. IMA homologs are highly 
responsive to the Fe status and preferentially expressed in leaves. Our results show 
that IMA constitutes a novel family of peptides critical for the regulation of acquisition 
and cellular homeostasis of Fe. These findings open a novel route for generating plants 
that are iron-enriched or with enhanced growth on alkaline soil. 
 
Louis  
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ABSTRACT 

Plants recognize water deficit conditions at their roots and transmit this signal to their 
shoots to synthesize abscisic acid (ABA) in their leaves. ABA is a key phytohormone 
that regulates stomatal closure and genes expressions for acquiring dehydration stress 
resistance. However, no mobile signaling molecules have yet been identified that can 
mediate root-to-shoot cellular communication and trigger ABA accumulation in leaves 
in response to dehydration stress. Recently, we showed that the 
CLAVATA3/EMBRYO-SURROUNDING REGION-related 25 (CLE25) peptide 
transmits water-deficit signals through vascular tissues in Arabidopsis. The root-
derived CLE25 peptide moves from the roots to leaves. BARELY ANY MERISTEM 
(BAM) receptors perceived CLE25 signal in leaves. The CLE25–BAMs mediate ABA 
accumulation and induce stomatal closure, thereby enhancing resistance to 
dehydration stress. Thus, CLE25–BAMs is thought as one of mobile molecules of long-
distance signaling in dehydration response. We discuss the current knowledge of plant 
molecules involved in long-distance signaling for stress response with special focus on 
mobile peptides. 

References 
Takahashi F, Suzuki T, Osakabe Y, Betsuyaku S, Kondo Y, Dohmae N, Fukuda H, Yamaguchi-
Shinozaki K, Shinozaki K., A small peptide modulates stomatal control via abscisic acid in long-
distance signaling, Nature, 556, 235-238, 2018. 
Takahashi F, Shinozaki K., Long-distance signaling in plant stress response, Curr Opin Plant 
Biol., 47, 106-111, 2019. 
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ABSTRACT 

Trehalose 6-phosphate (Tre6P) is an essential sugar-signalling metabolite that links 
many developmental processes, such as embryogenesis, flowering and shoot 
branching, to the availability of sucrose. Our sucrose-Tre6P nexus model postulates 
that Tre6P is both a signal and negative feedback regulator of sucrose levels in plant 
cells. The model envisages a role for Tre6P in sucrose homeostasis in plants that is 
analogous to the regulation of blood glucose levels by insulin in animals. In source 
leaves, Tre6P controls sucrose levels by regulating the partitioning of photoassimilates 
during the day and the turnover of transitory starch reserves at night. It also has a 
particularly important function in guard cells, affecting the sensitivity of stomata to 
abscisic acid. In sink organs, e.g. meristems and axillary buds, Tre6P links 
developmental decisions to the availability of sucrose, and coordinates changes in 
metabolism that are needed for subsequent growth. We are using forward and reverse 
genetics approaches to dissect the functions of Tre6P in specific tissues, to understand 
the molecular mechanisms that underlie the sucrose-Tre6P nexus and link growth and 
development to sucrose status. 
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ABSTRACT 

Plants rapidly respond to stresses, such as insect attack or wounding, with both a local 
and subsequently a system-wide reaction that primes non-damaged regions to mount 
pre-emptive defenses. For example, the defense hormone jasmonic acid and its active 
form jasmonyl-isoleucine (JA-Ile) accumulate not only at the immediate site of 
wounding, but also within minutes in distal tissues, where JA-Ile elicits a suite of 
defense responses ranging from gene induction to alterations in defense metabolite 
metabolism. The precise nature of the rapid, long-range communication system 
remains to be defined, although events such as propagating waves of reactive oxygen 
species (ROS) and electrical signals have been shown to correlate in time and space 
with systemic spread of the wound-response signal. Here, we show that L-glutamate 
is a wound signal in plants that leaks to the apoplast from damaged cells/tissues. The 
GLUTAMATE RECEPTOR LIKE family of ion channels act as sensors that convert this 
damage-associated signal into an increase in intracellular calcium that propagates to 
distant organs where defence responses are subsequently induced. 
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ABSTRACT 

Trehalose 6-phosphate (Tre6P) is a sucrose signalling metabolite in plants with 
influence over many metabolic and developmental processes. It was recently 
demonstrated that sucrose supply, rather than auxin, is the primary trigger for release 
of axillary bud dormancy after decapitation of pea plants, and that bud Tre6P levels 
rise rapidly after decapitation and correlate with bud outgrowth. To identify the sites 
and role of Tre6P signalling in shoot branching, we generated Arabidopsis 
(Arabidopsis thaliana) plants with altered Tre6P levels in the vasculature or in axillary 
buds. Increased Tre6P in the vasculature gave a bushy phenotype with plants having 
more primary rosette branches, while plants with less Tre6P had fewer branches. 
Lowering Tre6P in axillary buds strongly delayed bud outgrowth in long days, and 
inhibited branching under short day conditions. Combinatorial mutant analyses 
indicated that the effect of high Tre6P on shoot branching is dependent on 
FLOWERING LOCUS T and strigolactone signalling, and is at least partly independent 
of BRANCHED1. These results provide compelling evidence that Tre6P is a major 
player in shoot branching, and offer the first insights into how Tre6P-signalling is 
integrated with hormonal and other signalling pathways that regulate this process. 
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ABSTRACT 

Lateral root (LR) proliferation determines the effectiveness of resource acquisition from 
soils, however it also comes at a metabolic cost. How the allocation of shoot-derived 
carbon controls the extent of LR growth remains unresolved. We used genetic, 
physiological, transcriptomic and grafting techniques to define a role for C-
TERMINALLY ENCODED PEPTIDE (CEP)-CEP RECEPTOR 1 (CEPR1) signalling in 
controlling the extent of sucrose-dependent LR growth.  Two independent CEPR1 
knockout mutants (cepr1-1 and cepr1-3) showed elevated growth responses to added 
sucrose, other metabolisable sugars, shoot-derived photosynthate, but not non-
metabolisable sugars. The two CEPR1 mutants showed an increase in LR meristem 
size and the length of mature LR cells. This indicated that pathways through CEPR1 
normally curtail the extent of sucrose-dependent LR growth. RNA-sequencing of WT 
and cepr1-1 roots, with or without sucrose, revealed that CEP-CEPR1 signalling 
intersects with the sucrose-dependent transcriptional response. Sucrose upregulated 
the CEP5-9 genes, which supports a specific role for CEP-CEPR1 signalling in the 
response to sucrose. Moreover, genes with basally perturbed expression in cepr1-1 
overlap with WT sucrose-responsive genes significantly. We found that a bioactive 
peptide derived from the sucrose-inducible CEP5 gene inhibited LR growth via CEPR1 
by reducing LR meristem size and mature cell length. This result is also consistent with 
CEP-CEPR1 acting to curtail the extent of sucrose-dependent LR growth. Reciprocal 
grafting indicates LR growth inhibition requires CEPR1 in both the roots and shoots. 
Our results reveal a new role for CEP-CEPR1 signalling in controlling LR growth in 
response to sucrose. 
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ABSTRACT 

Legume plants adapt their root system architecture to environmental conditions by 
modifying root growth and lateral root number, as well as by developing new organs 
under nitrogen starvation and in response to Rhizobium symbiotic bacteria: the 
nitrogen-fixing nodules (Gamas et al., 2017). Local and systemic regulatory pathways 
allow coordinating simultaneously the development of roots and nodules, notably 
depending on signaling peptides perceived by Leucine-Rich Repeats Receptor Like 
Kinases (LRR-RLKs). In the Medicago truncatula model legume, two systemic 
pathways have been reported: a negative systemic pathway regulating symbiotic 
nodule number and relying on the action in shoots of the Super Numeric Nodules 
(SUNN) LRR-RLK and of CLAVATA3/embryo-surrounding region (CLE) peptides 
(Mortier et al., 2010; Gautrat et al., 2019); and an antagonistic pathway positively and 
systemically regulating nodule number depending on the Compact Root Architecture 
2 (CRA2) LRR-RLK action in shoots and of C-terminally Encoded Peptides (CEP; 
Huault et al., 2014; Mohd-Radzman et al., 2016; Laffont et al., 2019. We now provided 
insights into how these two antagonistic pathways regulating nodulation are integrated, 
notably using double mutants and signaling peptide applications.  Ultimately, our aim 
is to construct an integrated and dynamic model of nodule development regulations by 
systemic signaling peptide/LRR-RLK pathways. 

Gamas et al., 2017 Trends Plant Sci. 22 :792-802 ; 

Gautrat et al., 2019 J Exp Bot doi:10.1093/jxb/ery465 ; 

Huault et al., 2014 Plos Genet 10:e1004891 ; 

Laffont et al., 2019 Plant Phys doi:10.1104/pp.18.01588 ; 

Mohd-Radzman et al., 2016 Plant Phys 171:2536-48 ; 

Mortier et al., 2010 Plant Phys 153:222-37
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ABSTRACT 

Plant organogenesis is strongly responsive to environmental cues due to the 
postembryonic activity of stem cell niches in apically positioned meristems. This 
adaptive mode of development is not only driven by the activity level of existing 
meristems; new stem cell populations can also be formed de novo under adverse 
circumstances such as wounding. This process is exploited in tissue-culture based 
plant transformation protocols, where regeneration of plants from individual cells is 
required. The plant hormone cytokinin plays a central role in shoot meristem 
regeneration, however there is evidence for additional small molecule signals involved. 
Reactivation of the shoot stem cell identity marker WUS in root explants of Arabidopsis 
is driven by an interplay of cytokinin-controlled B-type ARR proteins and HD-ZIP III 
transcription factors. HD-ZIP III proteins contain putative ligand binding domains for 
unknown small molecule regulators. In a chemical screen we identified compounds, 
which activate the expression of an HD-ZIP III direct target gene. Application of these 
chemicals causes ectopic shoot stem cell marker expression in intact plants. A subset 
of these chemicals also promotes shoot formation responses in Arabidopsis. Ongoing 
research indicates that they act partially independent of auxin and cytokinin. We will 
present our progress in characterizing how these compounds impact HD-ZIP III 
activity. Furthermore, we will show the effect of these chemicals on the shoot 
regeneration response of tissue culture-recalcitrant species. 
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ABSTRACT 

Plants live in fixed location and survive adversity by integrating growth responses to 
multiple environmental signals. For example, plants are highly responsive to subtle 
changes in ambient temperature and have evolved efficient mechanism to coordinate 
their growth accordingly. Like all multicellular organisms, this coordination requires 
communication mediated by signal molecules including phytohormones that move 
between distant organs of the plant. Gibberellins (GAs) are a large family of tetracyclic 
diterpenoid compounds controlling major aspects of plant growth and development. 
Although previous studies suggested the existence of a transport of GAs in plants, the 
nature and properties associated with this transport were unknown. By mixing old-style 
grafting with modern molecular genetics in Arabidopsis, we showed that the GA12 
precursor, although biologically inactive, is the chemical form of GA undergoing long-
distance transport across plant organs1. Furthermore, our recent work shows that long-
distance transport of GA12 enables plants to adjust their growth in response to change 
in ambient temperature. 

1Regnault T, Davière J-M, Wild M, Sakvarelidze-Achard L, Heintz D, Carrera Bergua 
E, Lopez Diaz I, Gong F, Hedden P, Achard P (2015) The gibberellin precursor GA12 
acts as a long-distance growth signal in Arabidopsis. Nature Plants 1:15073. 
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ABSTRACT 

Gibberellins (GAs) are plant hormones that promote plant growth and are commonly 
used in agriculture. While GA perception is well understood, little is known about the 
process of GA transport or the regulation of GA distribution in the plant. We have 
utilized a unique bioactive fluorescently-labeled GAs to screen 
for Arabidopsis mutants deficient in GA transport and identified NPF3 that efficiently 
transports GA across cell membranes both in vitro and in vivo. NPF3 belongs to an 
evolutionarily conserved but strongly expanded and diversified family of transporters 
with 53 members in Arabidopsis and 90 in Tomato. Plant genomes are highly 
redundant as over 80% of all protein-coding genes belong to families with at least two 
members. In order to reinforce functional redundancy, we have utilized a transportome-
scale amiRNA multiplexing screen that aims to close the current gap in knowledge 
regarding the robust and specialized mechanisms used by plants to transport 
hormones. Our screens revealed multiple novel functionally redundant putative plant 
hormone transporters, among them the NPF and ABC families. On this basis, we 
propose that functionally redundant but specialized activity of the NPF and ABC 
families drive hormone distribution, activity and growth in Arabidopsis. Further new 
second-generation transportome-scale amiRNA and CRISPR tools are developed in 
the lab to reveal novel redundant hormone transporters. 
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ABSTRACT 

Our group is interested in Identifying new plant hormone transport mechanisms. 
However, these are highly masked by functional redundancy. Plant genomes are 
highly redundant as over 80% of all protein-coding genes belong to families with at 
least two members. As a result, most single null mutants do not present an evident 
phenotype as the overlapping function of one or more paralogs mask any effects. 
During the past two decades, genetic variation and forward genetics screen have been 
expanded by creating random mutagenized lines using chemical or radiation 
treatments leading to the identification of novel genetic processes. However, these 
approaches cannot overcome the genetic redundancy problem, a large fraction of the 
potential phenotypic plasticity is “hidden”. In order to reinforce functional redundancy, 
we have utilized a transportome-scale amiRNA multiplexing screen that aims to close 
the current gap in knowledge regarding the robust and specialized mechanisms used 
by plants to transport hormones. Our screens revealed multiple novel functionally 
redundant plant hormone transporters, among them the NPF3 gibberellin transporters 
and ABCB6 & ABCB20 auxin transporters. On this basis, we propose that functionally 
redundant but specialized activity of the NPF and ABC families drive hormone 
distribution, activity and growth in Arabidopsis. Further new second-generation 
transportome-scale amiRNA and CRISPR tools are developed in the lab to reveal 
novel redundant hormone transporters. 
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ABSTRACT 

Rapid adjustment of plant physiology and development to external fluctuations is 
critical for sessile organism, giving a singular interest to network signaling controlling 
these mechanisms. Among many adaptation processes, root plasticity is primordial to 
optimize nutrient acquisition but relies on a complex network integrating local and 
systemic (root <-> shoot) signaling. Indeed, locally, plants invest resource in soil area 
where nutrients are available and systemically they adjust nutrient acquisition to the 
whole plant demand. 

Our main goal is to decipher systemic signaling underlying the perception of nitrate 
heterogeneous provision, in Arabidopsis. Using the split-root system, in which 
physically isolated root systems of the same plant were challenged with different 
environments, we previously demonstrated that cytokinin biosynthesis constitutes one 
critical component of root-shoot-root communication. By combining the use of cytokinin 
mutants with hormone measurements, transcriptomic analysis, nitrate uptake assays, 
and root growth measurements, we show that root to shoot trans-zeatin (tZ) 
translocation is likely crucial for long distance signaling controlling rapid sentinel gene 
regulation and long-term functional acclimation to heterogeneous nitrate supply. 
Interestingly, shoot transcriptome profiling revealed that glutamate/glutamine 
metabolism is likely a target of tZ root-to-shoot translocation, prompting an interesting 
hypothesis regarding shoot-to-root communication. Finally, this study also highlights 
tZ-independent pathways triggered by variation into nitrogen supply. 
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ABSTRACT 

The directed transport of the phytohormone auxin through polarly localized PIN- 
FORMED (PIN) auxin efflux carriers is essential for the spatio-temporal control of plant 
development. The Arabidopsis thaliana AGC kinase D6 PROTEIN KINASE (D6PK) as 
well as related kinases are polarly localized at the plasma membrane of many cells 
where D6PK co-localizes with PINs and activates PIN-mediated auxin efflux. The fast 
cycling of D6PK to and from the basal plasma membrane indicates that this kinase 
could act as a switch for polar auxin transport and makes it an intriguing subject for 
further studies. We have shown that an insertion between the two kinase domains, the 
middle domain, is necessary and sufficient for its polar plasma membrane association. 
Conserved motifs within the middle domain play a role in kinase localization and 
activity. One motif in the middle domain interacts with phosphoinositides but there are 
also other, as yet mechanistically not understood sequence features in this domain. 
Current progress in the understanding of D6PK polarity regulation but also the 
implications of this regulation for the biological function of D6PK and other, structurally 
related kinases will be presented. 
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ABSTRACT 

 The phytohormone auxin is known to regulate a wide range of developmental 
processes and mediate adaptation to environmental changes by establishment of 
specific distribution patterns of the phytohormone. An important element in the 
establishment of these auxin distribution patterns are the PIN proteins mediating 
directional auxin efflux by their polar localization in the plasma membrane. Auxin itself 
is known to feedback regulate its own distribution by interfering with clathrin-mediated 
PIN endocytosis. Here, we reveal a completely novel function for Ca2+ in regulating 
clathrin-mediated endocytosis of PINs. We found that elevating cytoplasmic Ca2+ 
levels caused a dramatic inhibition of clathrin-mediated endocytosis at the plasma 
membrane. Similarly, constitutive activation of the Ca2+-dependent protein kinase 
CPK30 was sufficient to prevent PIN internalization. Consistent with a model in which 
auxin-induced Ca2+ explains how auxin inhibits endocytosis, reductions in Ca2+ 
availability impaired the inhibitory effect of auxin on endocytosis. Interestingly, we also 
found that some Ca2+ drug could also affect late endosomal PIN trafficking suggesting 
that Ca2+ might be regulating additional steps in the endomembrane trafficking 
pathway besides endocytosis. Together, these data demonstrate a new function for 
Ca2+ as a second messenger in auxin-regulated of PIN trafficking. 
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ABSTRACT 

Growth angle is a crucial determinant of root system architecture and function. The 
trajectories of roots growing through the soil are most often determined in reference to 
gravity, in which case the growth angle is known as gravitropic setpoints angles 
(GSAs). A defining characteristic of organs growing at GSA is that when orientation is 
shifted in the gravity field, gravitropic response returns the root to its GSA. In the case 
of roots with vertical GSAs, such as the primary roots of many species, that 
graviresponse is always a downward one. In contrast, lateral roots growing at non-
vertical GSAs must have the capacity to bend up as well as down. In this project, we 
have investigated the similarities and differences in GSA control between primary and 
lateral roots. Firstly, we show that in both primary roots and lateral roots graviresponse 
is angle-dependent, i.e. the bend rate is proportional to the angle of displacement from 
the GSA. Further, we show that in both primary and lateral roots, these angle-
dependent gravitropic responses are associated with changes in auxin distribution that 
are entirely in accordance with the Chlodny-Went model of tropic growth. Finally, we 
show that differences in sensitivity to auxin between primary and lateral roots are an 
important component of the capacity to maintain vertical and non-vertical GSAs 
respectively. Together, these data provide a coherent mechanistic framework for 
understanding growth angle control in the root. 
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ABSTRACT 

ABA is essential for stomata control and the regulation of transpiration in plant. 
Impacting the ABA pathway in crops would have a major impact for drought stress 
mitigation strategy. Quinabactin was reported in 2013 as the first ABA synthetic mimic 
to impact water use in crops. We will present how we have used the ABA receptor 
knowledge and characterization to accelerate the optimization of quinabactin in 
Arabidopsis and the translation to crops. 

  

Ref: Elzinga, Dezi; Sternburg, Erin; Sabbadin, Davide; Bartsch, Michael; Park, Sang-
Youl; Vaidya, Aditya; Mosquna, Assaf; Kaundal, Amita; Wendeborn, Sebastian; 
Lachia, Mathilde; Karginov, Fedor V.; Cutler, Sean R.; ACS Chemical Biology  2019 
14, 332-336 
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ABSTRACT 

Water availability is a key determinant of terrestrial plant productivity. Many climate 
models predict that water stress will increasingly challenge agricultural yields and 
exacerbate projected food deficits. To ensure food security and increase agricultural 
efficiency, crop water productivity must be increased. Research over past decades has 
established that the phytohormone abscisic acid (ABA) is a central regulator of water 
use and directly regulates stomatal opening and transpiration. In this study, we 
investigated whether the water productivity of wheat could be improved by increasing 
its ABA sensitivity. We show that overexpression of a wheat ABA receptor increases 
wheat ABA sensitivity, which significantly lowers a plant’s lifetime water consumption. 
Physiological analyses demonstrated that this water-saving trait is a consequence of 
reduced transpiration and a concomitant increase in photosynthetic activity, which 
together boost grain production per litre of water and protect productivity during water 
deficit. Our findings provide a general strategy for increasing water productivity that 
should be applicable to other crops because of the high conservation of the ABA 
signalling pathway. 

Mega et al., Nature plants 5: 153-159 (2019) 
 
TaPYL-overexpressing wheat 
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ABSTRACT 

Abiotic stress adversely affects crop production in various parts of the world, 
decreasing average yields for most of the crops significantly. Among various abiotic 
stresses affecting agricultural production, drought stress is considered to be the main 
source of crop losses. Several strategies have been investigated for reducing the 
impact of drought on crop yield, such as exploiting beneficial effects of crop protection 
agents, developing drought tolerant crops through transgenic approaches or breeding, 
but also exploring novel chemical entities inspired by plant hormones. 

Analogues of plant hormone abscisic acid (ABA) bearing yet unexplored head group 
and side chain motifs have been prepared within this study based on a combination of 
structure-based design, in vivo hits and agrochemical experience.It could thus be 
investigated how modifying key parts of ABA influenced receptor affinity and in vivo 
efficacy against drought stress. In line with X-ray crystallography studies and molecular 
modeling novel ABA-derivatives with small alkyl, cycloalkyl or haloalkyl substituents in 
its terpenoid side chain showed strong effects in vitro and in vivo against drought stress 
in selected crops. Furthermore, cyano-cycloalkyl groups proved to be suitable 
replacements of the cyclohexanone moiety leading to ABA analogues with strong 
activity in vivo. 

The versatile synthesis of these novel ABA analogues proceeded via Stille or 
Sonogashira couplings as key steps enabling us to carry out in-depth SAR studies. In 
summary, combining novel cyano-cycloalkyl headgroups with novel substituents in the 
terpenoid side chain afforded the most promising effects against drought stress in 
crops, particularly canola and wheat. 
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1Freie Universität Berlin - Berlin (Germany), 2IISER Tirupati - Tirupati (India), 3University of 
Graz - Graz (Austria), 4IPK Gatersleben - Gatersleben (Germany), 5Saatenunion Biotec GmbH 
- Gatersleben (Germany), 6Czech Academy of Sciences, Institute of Experimental Botany & 
Palacký University - Olomouc (Czech Republic), 7VIB / Universiteit Gent, Center for Plant 
Systems Biology - Gent (Czech Republic), 8BASF Agricultural Solutions Belgium NV, Gent - 
Gent (Czech Republic), 9Thünen Institute, Institute of Forest Genetics - Großhansdorf (Czech 
Republic) 
 

ABSTRACT 

Cytokinin controls various aspects of plant growth and development. We have explored in a 
variety of dicot and monocot crop plants in which way and to what extent agriculturally relevant 
traits can be altered through targeted manipulation of the cytokinin system. For example, 
expressing a cytokinin-degrading CKX gene in roots caused the formation of a larger root 
system in barley, maize and oilseed rape, which made them less sensitive to drought stress. 
Interestingly, the Zn content in aerial organs of all three species was increased. Importantly, 
seeds of CKX-barley contained up to ~40% more Zn which exceeds the limit set by the 
HarvestPlus program. The Zn content is often too low in human nutrition and root enhancement 
could be a sustainable way to improve Zn supply. Further, mutation of certain CKX genes of 
oilseed rape caused the formation of significantly more flowers and pods on the main stem, 
demonstrating that cytokinin controls the activity of the inflorescence meristem. Constitutive 
active cytokinin receptor variants, named rock2 and rock3, caused a yield increase in 
Arabidopsis due to retarded global proliferative arrest, a correlative inhibition of maternal 
growth by seeds. At last, expression of the rock3 cytokinin receptor variant under control of a 
cambium-specific promoter in poplar enhanced stem growth and increased biomass formation. 
Taken together, proof of concept has been obtained in a number of crop plants that targeted 
manipulation of the cytokinin system can be used to alter yield-related traits. 
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Meristematic democracy vs monarchy drives improved 
reproductive potential in Brassica napus (canola) 
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ABSTRACT 

Meristematic democracy vs monarchy drives improved reproductive potential in 
Brassica napus (canola) 

Matija Stanic, Neil M.N. Hickerson and Marcus A. Samuel 

Department of Biological Sciences, University of Calgary, Calgary, AB, Canada T2N 
1N4 

Food security and increased yield is of significant importance in today’s rapidly growing 
population. One key feature of crop plants that can be exploited to improve yield is the 
shoot architecture, a key determinant of yield which is regulated by a multitude of 
developmental controls. In plants, strigolactones (SLs), a class of terpenoid lactone 
hormones are implicated in the regulation of shoot architecture, through mediating the 
strength of apical dominance exerted on the axillary meristem. Loss-of-function 
mutants of this pathway in arabidopsis and rice exhibit drastic changes in their shoot 
architecture, in turn, manifesting as a highly branched phenotype. Here we show that 
this pathway is conserved in Brassica napus (canola) and lesions in important 
components of the SL biosynthetic or signaling responses lead to relaxed apical 
dominance and a highly branched pattern. We show that RNAi-suppression of the 
biosynthetic genes BnMAX3 and BnMAX4 and the SL receptor BnD14 in canola, 
results in an increased number of lateral branches as well as an increased reproductive 
potential. Our results suggest that the SL receptor BnD14 is likely a more suitable 
target for knockdown studies than BnMAX3 and BnMAX4. This study has unveiled the 
importance of exploiting shoot architecture as an efficient means to improve crop yield. 
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Design, synthesis and biological activities of semi-synthetic S-
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G. Wang 1, G. Venburg 1, D. Heiman 1, J. Lustig 1, M. Surpin 1, P. Silverman 
1, D. Woolard 1, R. Fritts 1, R. Hopkins 1 

Valent Biosciences LLC - Libertyville, Il (United States) 
 
 

ABSTRACT 

S-Abscisic acid (ABA) is one of the five major classes of plant growth hormones and 
plays a critical role in regulating many plant physiological processes, including seed 
dormancy, stomatal closure, fruit color development, and responses to abiotic stress 
such as drought, heat and cold. In recent years, there has been a greater 
understanding of the details regarding ABA-mediated cellular signal transduction, with 
the identification of the PYL family of ABA receptors and the modulation of PP2C family 
of phosphatases by ABA-PYL complex.  ABA itself has been successfully developed, 
registered and commercialized by Valent Biosciences as a plant growth regulator 
product.  For example, the ABA-containing product ProTone® is used extensively for 
promotion of red coloration in red table grapes.  As part of our ABA research efforts, 
semi-synthetic ABA derivatives have been designed and synthesized with the 
objectives to generate ABA agonists or ABA antagonists with enhanced or different 
activities compared to ABA.  Using ABA as a starting material, a variety of facile 
chemical modifications were developed, producing structurally novel ABA 
derivatives.  Testing of those compounds in assay systems resulted in identification of 
both ABA agonists and antagonists.  Some of those compounds were then evaluated 
in greenhouse and field experiments.  This presentation will describe the synthesis, 
biological activity and structure-activity relationships of those compounds. 
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Strigolactone biosynthesis in Arabidopsis and rice 
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ABSTRACT 

Our previous studies in Arabidopsis have shown that carlactone (CL) is converted to a 
carboxylated metabolite, named carlactonoic acid (CLA), by MAX1, a cytochrome 
P450 monooxygenase (CYP). Unlike in rice, we have never been able to detect 
canonical strigolactones (SLs) having a typical four-ring structure in Arabidopsis. 
Instead, we found a methyl ester derivative of CLA, methyl carlactonoate (MeCLA), as 
an endogenous SL-like compound in Arabidopsis. Unlike CL and CLA, MeCLA was 
able to directly interact with the SL receptor DWARF14, an α/β-hydrolase. We have 
identified a methyl transferase that can catalyze the conversion of CLA to MeCLA and 
named it CLA methyl transferase (CLAMT). The clamt mutant showed increased shoot 
branching, suggesting that MeCLA acts as an active SL in regulating shoot branching 
in Arabidopsis. 

Recently, we found a rice CYP capable of catalyzing the conversion of MeCLA to a 
non-canonical SL in vitro. This product was identified as an endogenous compound in 
rice. When this CYP gene was knocked out, the mutant plant had decreased shoot 
branching. In contrast, overexpression of this CYP gene resulted in increased shoot 
branching. These results suggested that this CYP might play a role in inactivating SL(s) 
in rice. 
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ABA metabolisms and transport in Arabidopsis 
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of Science, The University of Tokyo - Tokyo (Japan) 
 
 

ABSTRACT 

ABA plays important roles in plant responses to abiotic and biotic stresses as well as 
in the regulation of seed dormancy and germination. These physiological responses 
are often mediated by the changes in endogenous ABA levels. Thus, it is important to 
understand how ABA concentrations within plants are regulated through its 
metabolisms and transport. Previous studies have suggested that ABA is actively 
synthesize in vascular tissues in response to water deficit. On the other hand, it has 
been also reported that guard cells are equipped for autonomous ABA biosynthesis. 
We recently demonstrated that a member of Arabidopsis NITRATE 
TRANSPORTER1/PEPTIDE TRANSPORTER FAMILY (NPF) proteins, NPF4.6, 
mediates cellular ABA uptake. Promoter-reporter analysis indicated that NPF4.6 is 
expressed in vascular tissues and also in guard cells. Loss of function 
of NPF4.6 reduced leaf surface temperature in an ABA-deficient aao3 mutant 
background. When NPF4.6 was expressed specifically in guard cells of the npf4.6 
aao3 double mutant, reduced leaf surface temperature observed in npf4.6 aao3 was 
restored to wild type levels under well-watered conditions. However, the 
transgenic npf4.6 aao3 plants expressing NPF4.6 only in the guard cells were 
sensitive to long-term water deficit similarly to npf4.6 aao3. All together, these 
observations suggest that ABA synthesized at multiple sites coordinately regulate plant 
resistance to water stress. We have identified additional NPF proteins involved in 
stomatal regulation. Their physiological roles will be discussed. 
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Novel Carotenoid-Derived Plant Growth Regulators 

 
 

S Al-Babili 1 

King Abdullah University of Science and Technology (KAUST) (Saudi Arabia) 

 

ABSTRACT 

Several lines of evidence suggest the presence of yet unidentified carotenoid-derived 
metabolites regulating different processes in plant’s life. To identify such metabolites, 
we have been pursuing two approaches. In the first one, we test the biological activity 
of known and presumed carotenoid cleavage products, using changes in Arabidopsis 
root growth/architecture as read out. In the second approach, we identify and 
characterize the activity of carotenoid cleaving and modifying enzymes, complemented 
by phenotyping of mutants and activity tests of enzymatic products. In this 
presentation, we present two novel plant growth regulators. Using the first approach, 
we identified anchorene, a presumed carotenoid-derived dialdehyde 
(diapocarotenoid), as the specific signal needed for the formation of anchor roots, the 
less investigated root type in Arabidopsis, and confirmed its presence as a natural 
metabolite. Exogenous anchorene application restores the capability to develop 
anchor roots in carotenoid-deficient plants. Using auxin-reporter lines and RNAseq 
studies, we show that anchorene triggers ANR formation by modulating auxin 
homeostasis. In addition, we provide some evidence for the role of anchorene in 
regulating plant’s response to nitrogen deficiency. Following the second approach, we 
investigated the activity of a rice carotenoid cleavage dioxygenase. Using in vitro 
assays, we show that this enzyme, Zaxinone Synthase, forms zaxinone, a novel 
carotenoid-derived metabolite. A corresponding loss-of-function mutant (zas) shows 
growth retardation and contains higher levels of strigolactones. Zaxinone application 
rescued mutant’s phenotypes and promoted root growth in wild-type seedlings, 
suggesting the role of zaxinone as regulatory metabolite required for normal rice 
growth. 
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Do rice plants sense SL exuded in the rhizosphere to regulate SL 
production? 

 
 

K. Yoneyama 1, X.Ehi Xie 2, T. Nomura 2, K. Yoneyama 2 

1Ehime University - Matsuyama (Japan), 2Utsunomiya University - Utsunomiya (Japan) 
 
 

ABSTRACT 

Rice plants enhance strigolactone (SL) production and exudation under phosphate 
deficiency to promote symbiosis with arbuscular mycorrhizal fungi and to suppress 
lateral shoot branching for saving the energy of plant growth. The present study 
demonstrates that in hydroponic culture levels of SLs in the culture media remain 
constant when the number of rice plants (Oryza sativa cv. Nipponbare) is increased. 
This is not observed in the SL perception/signaling mutants d3 and d14, suggesting 
that the plants sense the SLs in the rhizosphere and regulate amounts of SL production 
and/or exudation via D3 and D14. 
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Abscisic acid biosynthesis from carotenoid precursors in 
Arabidopsis thaliana 
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ABSTRACT 

Abscisic acid (ABA) is a key element in seed development and germination as well as 
adaptive responses to environmental stresses. The tissue-specific modulation of its 
endogenous levels by fine-tuning of synthesis and catabolism determines its 
physiological action. ABA is derived from the cleavage of C40 carotenoid precursors. 
ABA biosynthesis starts by the generation from β-carotene of oxygenated carotenoids, 
termed xanthophylls. Xanthophyll conversions in plastids lead to the formation of cis-
isomers of violaxanthin and neoxanthin and their cleavage into a C15 compound, 
xanthoxin, is the first committed step of ABA biosynthesis. Xanthoxin is then converted 
to ABA in the cytosol. Although genes coding enzymes responsible for most steps of 
the ABA biosynthesis pathway have been identified in Arabidopsis, the enzymatic 
reactions leading to the production of cis-isomers of violaxanthin and neoxanthin from 
all-trans-violaxanthin remain to be clarified. Presumably two enzymes would be 
involved, a neoxanthin synthase to convert trans-violaxanthin into trans-neoxanthin 
and an isomerase that would possibly act on both trans-isomers. Two genes involved 
in neoxanthin synthesis have been identified, but their exact function has not been 
established yet. Similar defects in neoxanthin synthesis have been described in the 
two Arabidopsis mutants neoxanthin-deficient1 (nxd1) and ABA-deficient4 (aba4). 
However, unlike in aba4, ABA contents in nxd1 plants and seeds are higher than in 
wild type. Progress in the characterization of the respective roles of ABA4 and NXD1 
will be presented. 
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A negative feedback mechanism that controls karrikin and KAI2 
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ABSTRACT 

Karrikins (KARs) are a class of chemicals found in smoke that can affect the growth 
and development of a broad array of angiosperms. The a/b-hydrolase KARRIKIN 
INSENSITIVE2 (KAI2) is thought to be a receptor for KARs and is hypothesized to also 
recognize an unknown endogenous KAI2 ligand (KL). Isothermal calorimetry and 
equilibrium microdialysis assays have demonstrated that KAR1 can bind to KAI2, but 
differential scanning fluorimetry and yeast two-hybrid assays suggest that KARs are 
not able to activate KAI2. We propose that KARs require metabolism in plants to 
become bioactive signals that can be recognized by KAI2.  

 
While investigating how KAR responses are mediated, we discovered that loss-of-
function mutations in KARRIKIN UPREGULATED F-BOX1 (KUF1), a transcriptional 
marker of KAR signaling, caused hypersensitive responses to KAR1 but not to KAR2 or 
GR24, which also act through KAI2. Moreover, kuf1 mutants have phenotypes that 
mimic KAR-treated plants, suggesting increased KAI2 signaling activity. These 
phenotypes are dependent on KAI2 and its signaling partner, MAX2. Our data are 
consistent with a feedback inhibition model in which KUF1 negatively regulates the 
metabolism of KAR1 and KL. If so, then identification of KUF1 targets will represent an 
important step toward identifying KL. 
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Nucleo-cytoplasmic partitioning of ARF proteins controls auxin 
responses in Arabidopsis thaliana 
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ABSTRACT 

The phytohormone auxin plays crucial roles in nearly every aspect of plant growth and 
development. The AUXIN RESPONSE FACTOR (ARF) family of transcription factors 
regulates auxin-responsive gene expression and exhibit nuclear localization in regions 
of high auxin responsiveness. Here we show that the ARF7 and ARF19 proteins 
accumulate in micron-sized assemblies within the cytoplasm of tissues with attenuated 
auxin responsiveness. We found that the intrinsically disordered middle region and the 
folded PB1 interaction domain of ARFs drive protein assembly formation. Mutation of 
a single lysine within the PB1 domain abrogates cytoplasmic assemblies, promotes 
ARF nuclear localization, and results in an altered transcriptome and morphological 
defects. Our data suggest a model in which ARF nucleo-cytoplasmic partitioning 
regulates auxin responsiveness, thus providing a mechanism for cellular competence 
for auxin signaling.  
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Transcriptional repression in ethylene signaling and ethylene 
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ABSTRACT 

Ethylene is one of the most important plant hormones that essential for many 
physiological and developmental processes. The master transcription activator EIN3-
mediated transcriptional activation plays vital roles. But, the transcriptional repression 
in the ethylene-mediated growth regulation is unknown. In this manuscript, we report 
that a transcriptional repressor of EIN3 (Ethylene Insensitive 3)-dependent ethylene 
response 1 (TREE1) interacts with EIN3 to regulate transcriptional repression in 
response to ethylene that leads to an inhibition of shoot growth. Tissue-specific 
transcriptome analysis showed that most of genes are down-regulate by ethylene in 
shoot, and a DNA binding motif was identified that is important for this transcriptional 
repression. TREE1 binds to the DNA motif to repress gene expression in an EIN3-
dependent manner. Genetic validation demonstrated that repression of TREE1-
targeted genes leads to an inhibition of shoot growth. Overall, this work establishes a 
novel molecualr mechanism by which transcriptional repressor TREE1 interacts with 
EIN3 to inhibit shoot growth via transcriptional repression regulation in the response to 
ethylene. 
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A Histone Deacetylase Participates in Cytokinin Signaling 
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ABSTRACT 

Cytokinins are N6-substituted adenine derivatives that were discovered as plant 
hormones based on their ability to promote cell division in plants. Since then this class 
of plant hormones has been shown to regulate several other aspects of plant 
development and physiology, as well as responses to the environment, including biotic 
and abiotic stress. Cytokinin signaling in plants is mediated by two-component element 
proteins, a conserved signaling module that is also shared by bacteria and fungi. Two-
component element proteins execute a signaling phosphorelay, initiated by cytokinin 
binding to receptor histidine kinases, and culminating in the activation of type-B 
response regulators, which act as transcription factors to mediate the cytokinin primary 
transcriptional response. Negative regulation of the pathway is mediated by type-A 
response regulators, which lack DNA binding domains, but associate with transcription 
factors. Here we demonstrate that a histone deacetylase participates in cytokinin 
signaling and functions as a new negative regulator of the pathway. We show our 
progress in identifying genomic targets of this histone deacetylase, as a way of 
identifying its mode of action in cytokinin-regulated physiological processes. 
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ABSTRACT 

The plant signaling molecule auxin is required for numerous aspects of plant growth 
and development. Its activity in controlling these processes is mostly mediated by 
changes in gene expression via a relatively simple pathway. The auxin response 
pathway implicates only three main gene families, namely the TIR1/AFB receptor 
complex, the inhibiting Aux/IAA proteins and the ARF transcription factors, comprised 
of 6, 29 and 23 members, respectively in Arabidopsis thaliana. The Aux/IAA family can 
further be subdivided into two groups, canonical and non-canonical, based on 
presence or conservation of domains. Strikingly, recent phylogenomic analysis of the 
nuclear auxin response pathway reveals a deep conservation of non-canonical 
Aux/IAA (ncIAA), which is present in a single copy in all evolutionary nodes and is 
represented by IAA33 in Arabidopsis (Mutte, Kato et al., 2018). Although this suggests 
an essential function of this protein in plant growth and/or development, so far however 
very little is known about its role. Our initial analysis confirms that IAA33 is not a subject 
of auxin-dependent degradation and indicates a dynamic regulation during cell-cycle 
progression. Genetic analysis reveals that IAA33 might play a role during embryo 
development and suggest an important function for a mysterious branch in the auxin 
response system. I will present genetic, cell biological and proteomic data towards 
identifying the mechanisms underlying non-canonical Aux/IAA action. 
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ABSTRACT 

Plant development is shaped by hormone signalling pathways regulating gene 
expression resulting in a variety of plant forms and sizes. We have explored early gene 
expression responses to a key shoot branching regulator strigolactone (SL) in 
Arabidopsis and garden pea using a combination of transcriptomics, forward and 
reverse genetics, chromatin accessibility profiling, and systems biology approaches. 
We inferred a SL  gene regulatory network (GRN) using gene co-expression, which we 
further refined using experimental evidence. Our results show that SL signalling is 
partly convergent on the key branching regulator BRANCHED1 (BRC1). We 
discovered direct genetic targets of BRC1 using an inducible in vivo system and show 
that the SL gene regulatory network consists of transcriptionally regulated modules 
involving members of Homeobox and TCP-domain transcription factors, as well 
chromatin remodelling and post-transcriptional regulatory mechanisms relying on 
transitive RNAi and alternative splicing. Our results also identify key network nodes 
that allow for integration with other hormonal signals such as citokinins, abscisic acid, 
ethylene and jasmonic acid, which, in concert, regulate axillary bud growth, and, 
ultimately shoot architecture. We will also present results from a comparative analysis 
of SL GRNs that identify conserved and derived GRN modules and particular network 
components that highlight the points of divergence in regulation of shoot branching 
between species. 
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Opposing sugar modifications of DELLA regulate multiple 
hormone signaling pathways 
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ABSTRACT 

Plant development requires strict coordination among complex internal signaling 
networks to enhance adaptation to changing environments. The conserved 
transcription regulators DELLA proteins play a central role in this process via direct 
protein-protein interactions with key transcription factors. Recent studies using genetic 
and physiological analyses together with chemical biology methods indicate that 
DELLA’s binding affinity to interacting proteins are oppositely regulated by two types 
of O-linked glycosylation on specific Ser/Thr residues: O-linked N-acetylglucosamine 
(O-GlcNAc) modification, and O-fucosylation (O-Fuc). These two distinct sugar 
modifications on DELLA are catalyzed by two paralogs in Arabidopsis: SECRET 
AGENT (SEC), an O-GlcNAc transferase (OGT) that reduces DELLA activity, and 
SPINDLY (SPY), a novel protein O-fucosyltransferase (POFUT) that enhances DELLA 
activity. Our studies uncovered direct roles of OGT (SEC) and POFUT (SPY) in fine-
tuning plant development by modulating DELLA interactions with key regulators in 
multiple signaling pathways. OGT-mediated protein O-GlcNAcylation has been studied 
extensively in animals, and is known to play a key role in regulating a plethora of 
intracellular signaling events in response to nutrient status. In contrast, the 
physiological functions of OGT in plants are largely unknown. Moreover, SPY is the 
first POFUT identified for O-fucosylation of nuclear proteins, uncovering a novel 
mechanism for transcriptional regulation. The dynamic interplay between O-GlcNAc/O-
Fuc modifications in regulating the nuclear growth repressor DELLA activity may 
provide a new paradigm in linking metabolic status to gene expression and cell growth 
in response to internal and external cues. 
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Synergistic on auxin and cytokinin 1 integrates pathways 
regulating organ growth and pathogen defense. 
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ABSTRACT 

Plants as non-locomotive organisms constantly integrate varying environmental 
signals to flexibly adapt their growth and development. Local fluctuations in water and 
nutrient availability, sudden changes in temperature or other abiotic and biotic stresses 
can trigger shifts in the growth of plant organs. Multiple mutually interconnected 
hormonal signaling cascades act as essential endogenous translators of these 
exogenous signals in plant adaptive responses. Although molecular backbones of 
hormone transduction pathways have been recognized, mechanisms underlying their 
interactions are largely unknown. Here, using a genome wide transcriptome profiling 
we identified an unknown auxin and cytokinin cross-talk component, SYNERGISTIC 
AUXIN CYTOKININ 1 (SYAC1) whose expression in roots is strictly dependent on both 
hormonal pathways. SYAC1 as a specific readout of auxin and cytokinin regulates the 
secretory pathway to control deposition of cell wall components and thereby integrates 
mechanisms regulating organ growth and defense against pathogens.   
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ABSTRACT 

Leaves in nature show wide shape variability. In compound tomato leaves, regions of 
auxin-promoted growth are interspersed with regions in which auxin response and 
growth are inhibited, enabling the formation of distinct leaflets. Auxin signal 
transduction is mediated by the antagonistic activity of multiple transcriptional 
activators and repressors. We investigated the importance of this complexity using 
tomato leaf patterning as a model. We generated mutations in multiple ARF genes, 
and characterized their effect on auxin mediated growth and their interactions with the 
Aux/IAA mutant entire (e). Mutant combinations in three related ARFs led to a gradual 
reduction of leaf complexity and a gradual suppression of the e phenotype, leading to 
a continuum of shapes. Plants with impaired activity of one ARF and one Aux/IAA have 
nearly normal leaves, but their leaf shape is less stable and more sensitive to auxin 
application. Therefore, the existence of multiple auxin-response inhibitors and 
activators stabilizes the developmental output of auxin, and tuning their activity enables 
shape variability. Expression and genetic analysis indicated that GA mediates the 
effect of auxin on blade growth. 
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ABSTRACT 

The phytohormone auxin controls plant growth and development through the TIR1 
dependent protein degradation of the canonical AUX/IAA repressors, which releases 
AUXIN RESPONSE FACTORs (ARFs) to regulate auxin-responsive gene expression. 
In contrast, IAA33 is a non-canonical AUX/IAA that does not contain TIR1 binding 
domain, whose function in both auxin signaling and plant development have not yet 
been elucidated. Here, we found that though IAA33 lacks the typical domains I and II, 
which are essential for mediating the canonical auxin signaling through the TIR1-
dependent pathway, it controls auxin signaling and regulates root distal stem cell 
identity through interacting with ARF10 and ARF16. IAA33 negatively regulates auxin 
response through the competition with IAA5 and thus releases the repression of 
ARF10/16 in this process. Furthermore, different from the auxin-mediated up-
regulation of AUX/IAA expression and destruction of canonical AUX/IAAs, auxin 
stabilizes the IAA33 protein through interaction with mitogen-activated protein kinase 
14 (MPK14) without influencing its transcription. Taken together, this study provides 
evidence about the mode-of-action for non-canonical AUX/IAAs. 
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ABSTRACT 

Plant growth and development are highly coordinated by hormones, including 
brassinosteroid (BR) and gibberellin (GA). Although much progress has been made in 
understanding the fundamental signaling transduction in BR and GA, their relationship 
remains elusive in rice.  Here, we show that BR suppresses the level of OsmiR159d, 
which cleaves the target OsGAMYBL2 gene. The OsmiR159d-OsGAMYBL2 pair 
functions as an early BR-responsive module regulating the expression of BU1, a BR-
regulated gene involved in BR signaling, and CPS1 and GA3ox2, two genes in GA 
biosynthesis, by binding to the promoters of these genes. Furthermore, OsGSK2, a 
key negative player in BR signaling, interacts with OsGAMYBL2 and prevents it from 
being degraded under 24-epibrassinolide treatment, whereas SLR1, a rice DELLA 
protein negatively regulating GA signaling, interacts with OsGAMYBL2 and prevents 
OsGAMYBL2 from binding to the target gene promoter. GA signaling induces 
degradation of OsGAMYBL2 and, consequently, enhances BR signaling. These results 
demonstrate that a BR-responsive module acts as a common component functioning 
in both BR and GA pathways, which connects BR signaling and GA biosynthesis, and 
thus coordinates the regulation of BR and GA in plant growth and development. 
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ABSTRACT 

Fruit ripening is a complex process involving several physiological changes, including 
color acquisition, firmness reduction, and soluble solids content (SSC) increase, which 
are controlled by several hormones. Two antagonistic hormones are known to affect 
fruit ripening in sweet cherry (Prunus avium) fruits at the physiological level. While ABA 
(abscisic acid) induces color development, GA3 (giberelic acid) delays fruit size 
increase, color change and firmness reduction. GA3 increases as lignification occurs 
at the straw yellow stage, while ABA peak occurs at the onset of ripening, when color 
change starts, fruit growth resumes and firmness begins to reduce. In sweet cherry 
fruits, ABA treatment changes the expression of ABA pathway-related genes. On the 
other hand, the effect of GA3 effect at the molecular level is not so clear, but since it 
antagonizes the physiological effect of ABA, it could be interacting with its pathway. 

In this work, a marked effect of GA3 in delaying the index of absobance difference 
(IAD) of anthocyanins was observed in sweet cherry fruits of Bing variety. At harvest, 
GA3-treated fruits also had less IAD and SSC than control fruits over two seasons. In 
order to assess if the effect of GA3 was dependent on ABA pathway-related gene 
expression in this variety, we performed qPCR analyses of genes related to ABA 
perception, signaling and response. Some of these genes changed their 
expression four days after the treatment with GA3 suggesting a connection between 
both pathways at the onset of ripening in sweet cherry fruits. 
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ABSTRACT 

Cambial cell divisions lead to formation of secondary vasculature and thus radial 
growth of plants. We have recently shown that local auxin maximum positions the stem 
cell organizer of the vascular cambium in Arabidopsis roots. Gibberellic acid (GA) has 
been shown in multiple contexts to interact with auxin signalling and transport and it 
promotes xylem cell expansion and proliferation during secondary growth. For these 
reasons we wanted to study how GA regulates cambium development. 
First we studied the effect of GA during the secondary growth. Vasculature diameters 
of GA-treated plants and mutants lacking GA (ga1) are similar to wild type. But there 
are differences in the xylem: treated plants produce significantly more secondary 
xylem cells, whereas ga1 has a reduced number of them. These data shows that GA 
is required to promote xylem proliferation during the secondary development. 
Lineage tracing is a method to identify progeny of a single cell within a tissue. To 
understand intercellular dynamics during secondary development, we performed 
lineage tracing analysis in mature root. It revealed that GA application leads to 
respecification of stem cell organizer on the phloem side of the cambium, and thus 
increased xylem production. 

Since our previous studies have shown that local auxin maximum positions stem cell 
organizer of the vascular cambium, we began to investigate whether changes in auxin 
accumulation would explain the GA-induced phenotype. Preliminary results suggest 
that GA application enhances and broadens auxin response and consequently 
organizer marker expression in the vascular cambium, thus supporting our hypothesis. 
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ABSTRACT 

Regulated distribution of plant hormones across tissues and over time is fundamental 
to plant growth and development and optical biosensors for plant hormones are 
beginning to shed light on hormone distributions in planta. We have engineered 
improved versions of the previously published optogenetic biosensors for the 
hormones gibberellin (GPS1) and abscisic acid (ABACUS1). These next-generation 
biosensors detect nanomolar levels of hormone at the cellular level with reduced 
effects on endogenous hormone signaling in Arabidopsis compared with first 
generation GPS1 and ABACUS1. Gibberellin gradients detected with GPS1 
biosensors correlated with gradients of cell length in rapidly elongating roots and dark-
grown hypocotyls, but it remained unclear how these gradients arise from the 
ensemble activities of gibberellin enzymes and transporters. We now present evidence 
in support of patterned gibberellin biosynthesis and permeability driving gibberellin 
patterns in roots. The effect of gibberellin enzyme and transport mutants on gibberellin 
patterning in roots will be discussed in the context of understanding how gibberellin 
gradients are determined and how they, in turn, influence patterning of plant cell 
growth. ABA patterns detected with next generation ABACUS biosensors will be 
discussed in the context of ABA accumulation and elimination rates and their effects 
on plant development. 
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From spatio-temporal morphogenetic information to rhythmic 
organogenesis at the meristem 
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ABSTRACT 

In plants, the shoot develops post-embryonically through rhythmic generation of aerial 
organs at the tip of the growing primary axis, the shoot apex. The spatio-temporal 
patterning system allowing for rhythmic organogenesis at the shoot apex, also known 
as phyllotaxis, is one of the most conspicuous examples of a self-organizing 
developmental system. Positional information by the plant hormone auxin has been 
proposed to drive phyllotaxis. However, our understanding of the function of auxin in 
phyllotaxis has remained largely qualitative so far. We have used a quantitative 
imaging approach to reconstruct 4D maps of auxin and to understand how the auxin-
based information is processed at the shoot apex. This analysis reveals that both 
spatial and temporal information provided by auxin are used in patterning the meristem 
and we will discuss the implication of our findings for understanding the robustness of 
rhythmic organogenesis at the meristem. 
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ABSTRACT 

Gibberellins (GA) are a class of plant hormones that direct key processes in 
development and adaptive growth. Consequently, plants tightly regulate their GA 
response pathways at multiple levels including biosynthesis, metabolism, perception, 
and signaling. Interestingly, plants exhibit the unique ability to regulate their hormones’ 
distribution, as illustrated most clearly in the case of polar auxin transport. Previous 
studies have established GA mobility throughout plants, yet little is known about either 
GA distribution patterns or the mechanisms shaping them. We are developing 
chemical tools, such fluorescently labeled and caged GA, and employ them in 
conjunction with imaging techniques to visualize GA transport in plants. 

The labeling of GA derivatives enable identifying and comparing the respective sites 
of their accumulation in planta through fluorescence imaging. In addition, these 
molecules were found useful in revealing transporters of GA, such as the GA importer 
NPF3. 

Separately, we developed novel photocaged gibberellins that, in combination with 
genetically encoded GA-response sensors, provide a unique platform to study GA 
movement at high-resolution, in real-time and in living, intact plants. Applying this 
platform to the Arabidopsis thaliana endogenous bioactive gibberellin GA4, we 
measure kinetic parameters of its flow, such as decay length and velocity, in vivo. We 
expect that this platform would find further uses, for example in studying the functions 
of putative GA transporters. 
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ABSTRACT 

Cytokinins are plant hormones playing crucial roles in plant development. They are 
involved in many critical physiological processes, including cell division and 
differentiation, regulation of the activity of apical meristems, senescence delaying or 
regulating the root system architecture (RSA). Since the modulation of plant growth 
lies on dynamic interactions between phytohormones, it is of high interest to develop 
precise hormone application methods with high spatial resolution and over selected 
developmental frames. Here we demonstrate an emerging electrophoretic drug 
delivery technology, the organic electronic ion pump (OEIP), for the flow-free and 
highly specific transport of isoprenoid-type cytokinin isopentenyladenin (iP) in vivo to 
intact plant seedlings. Using RSA as a model system, we estimated the resolution of 
cytokinin delivery to be less than 1 mm, affecting only the OEIP-treated LR, with no 
effect of neighbouring roots. Moreover, our data demonstrate that while specifically 
targeting one LR primordia with an OEIP device, the influence of cytokinin in LR 
development may differ in different stages of LR development. Taken together, OEIP 
based technologies represent a novel and tuneable iP treatment method, which can 
contribute to unravelling the functions of cytokinin in different developmental processes 
with great specificity.  
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ABSTRACT 

The distribution of auxin, indole 3-acetic acid (IAA) is dynamically regulated by auxin 
influx and efflux carriers/transporters. The local biosynthesis and the inactivation of IAA 
would also modulate the distribution of IAA in response to environmental stimulus. 
These multiple pathways coordinately determine the cellular IAA maxima to establish 
asymmetric IAA gradient. The spatiotemporal information of IAA distribution would be 
essential to investigate auxin-regulated physiological response. The auxin-responsive 
reporter markers such as DR5::GFP and DII-VENUS reporters were widely utilized to 
monitor cellular auxin distribution in specific physiological responses. In contrast, the 
technologies for the manipulation of auxin distribution have been poorly developed. 
We herein demonstrate that new manipulation system using inactive auxin-prodrug 
and its metabolic activation enzyme. The several auxin-prodrugs including IAA, IBA 
and NAA-prodrugs were synthesized and evaluated their stability in planta. The auxin 
prodrug was used for sole carbon source in the enrichment culture and then IAA-
prodrug hydrolase was screened from the soil bacteria. The IAA-prodrug activating 
enzyme (IAP) was cloned and expressed as GFP-IAP fusion protein in E. coli. The 
recombinant GFP-IAP hydrolyzed IAA-prodrug to release IAA. The 35S::GFP-IAP line 
showed auxin-induced phenotypes when IAA-prodrug was applied. Various cell-
specific promoters, SHR, SCR, WOX5, WER, EXP7 and GL2 were introduced to the 
binary vector harboring GFP-IAP. Additionally, GFP-IAP was specifically expressed in 
ER and nucleus in planta, resulting in the direct manipulation of intracellular localization 
of IAA. Out system enable to manipulate the spatiotemporal dynamics of IAA 
distribution leading to cell-specific auxin responses. 
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ABSTRACT 

Gibberellins (GA) are key hormones in plant plasticity, since they coordinate 
endogenous developmental processes and integrate environmental cues to conduct 
adaptive responses.  

Intense research in the last decades has unraveled the metabolism, perception, signal 
transduction and mechanism of action of GAs. Nevertheless, their spatiotemporal 
distribution in vivo remains unclear, due to the lack of adequate methods. In this line, 
two GA biosensors have been developed recently: an optogenetic biosensor based on 
FRET (Rizza et al., Nat Plants, Vol. 3 (10):803  (2017)) and a synthetic GA-activated 
Cas9-based repressor (HACR) (Khakhar et al., eLife, Vol. 1:7 (2018)).  

Here we propose a degradation-based ratiometric biosensor that would allow the 
quantification of the response to GA in a visual and dynamic way. We engineered a 
modified DELLA (mDELLA) protein (master negative regulators of the GA signaling 
pathway) degraded specifically upon perception of GA, but unable to interfere with GA 
signaling. The biosensor comprises two components linked by a 2A peptide, that allows 
for stoichometrical co-expression: (I) a sensor module, the mDELLA fused to the 
fluorescent protein VENUS; (II) the normalization element, the Blue Fluorescent 
Protein. In Arabidopsis transgenic lines, the GA-dependent degradation of the sensor 
is monitored as a quantifiable decrease in the VENUS/BFP ratio. This technology 
would fill an important gap in our current knowledge of GA distribution in whole plant. 
 
Amelia Felipo Benavent 
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ABSTRACT 

Striga hermonthica(Striga) parasitizes crops widely across various parts of sub-
Saharan Africa, causing loss in crop yields that result in economic pressure on millions 
of smallholder farmers and lead to annual losses of billions of dollars. As Strigaseeds 
require host-generated strigolactones (SLs) to germinate, understanding the 
mechanism of SL signaling could lead the development of chemical agent for 
controling these noxious weeds. We have been approaching to the problem with small 
moelcule probes including a fluorotgenic probe for SL receptor called yoshimulactone 
green which allowed us to identify the 11 members of SL receptors which orchestrate 
a dynamic wave-like pattern of SL perception in Strigaseeds. The discovery was 
recently extended to develop a femto-molar range germination stimulants for Striga . 
In this seminar, I will present how chemical biology approach contributes 
to understanding this serious problem and developing lead compounds to combat 
against Striga. 
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ABSTRACT 

In Africa, an obligate parasitic witchweed, Striga hermonthica, infects major food crops 
resulting in devastating yield losses for over 100 million subsistence farmers. Striga 
seed germinate in response to the hormone, strigolactones (SLs), which are emitted 
by roots of host crops. The most sensitive strigolactone receptor in Striga (ShHTL7) 
can perceive picomolar concentrations of SL in the soil whereas the homologous 
HTL/KAI2 receptors from non-parasitic plants cannot. Instead, the HTL/KAI2 receptors 
perceive an unidentified endogenous ligand as well as smoke-derived compounds 
called karrikins. Based on alignments of parasitic and non-parasitic KAI2/HTLs and 
analyses of crystal structures, we identified eight key residues that we hypothesize 
contribute to the increased sensitivity of ShHTL receptors to SL. To characterize the 
functions of these residues, we switched the identities of these eight amino acids in 
AtHTL/KAI2 to those at corresponding positions in ShHTL7. We generated constructs 
representing every combination of the mutations (28) resulting in 256 HTL/KAI2 alleles. 
We performed biochemical and functional assays in planta to test the function of these 
variants. These parallel assays converged to identify certain residues, which conferred 
the ability of AtHTL/KAI2 to respond to SL biochemically and functionally. Preliminary 
structural and biochemical analyses of the modified AtHTL/KAI2 receptor have 
generated insight into dynamic changes within the binding pocket, which could lead to 
increased SL perception. 
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ABSTRACT 

Auxin perception is dominated by a small family of receptors related to Transport 
Inhibitor Response1 (TIR1) and auxin signalling in vivo is initiated, almost exclusively, 
by the hormone indole-3-acetic acid. Agriculture has also developed a range of auxins 
as herbicides and these compounds use a range of chemical scaffolds. We have used 
surface plasmon resonance with purified receptor proteins from Arabidopsis, 
Physcomitrella and Marchantia and a set of pharmacological tools, plus the crystal 
structure of TIR1, to map receptor binding site preferences in three dimensions and at 
atomic resolution. We have shown that different members of the TIR1 receptor family 
show small differences in binding affinity for different auxin scaffolds. Molecular field 
point analysis of each structure-activity data set gives us pharmacophoric maps and 
may allow us to plot the basis of ancestrally-conserved selectivity in TIR1. Evaluation 
of bioisosteres led us to synthesise and validate a novel, TIR1-selective auxin. Further, 
we have developed a molecular docking routine and run molecular dynamics 
simulations to help explain how selectivity for auxins is managed in four dimensions. 
Collectively, these chemical biology tools are helping to explain and exploit the basis 
of auxin recognition. 
 
Richard Napier 
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ABSTRACT 

Sugars are crucial primary metabolites and signalling molecules that contribute to 
growth and development in plants. Sugar signals regulate developmental transitions, 
circadian rhythms and interactions with the biotic and abiotic environment. Getting a 
better understanding of plant sugar signalling helps to improve plant adaptability to 
different energy situations, which would potentially contribute to agriculture. However, 
the central role of sugars in cell function has made traditional genetic approaches 
problematic to define the molecular pathways of sugar signalling, either due to genetic 
lethality or gene redundancy. We have used a chemical genetic approach to overcome 
these problems and uncover new components of these pathways. From a high-
throughput luciferase-reporter screen of a bioactive small molecule library, we 
identified chemicals which alter a transcriptional sugar response and inhibit sugar-
promoted growth in Arabidopsis seedlings. One of these chemicals is a calcium 
channel antagonist in animals but its target in plant cells is unknown. We have 
confirmed the chemical’s effect on cytosolic calcium concentration and calcium fluxes 
triggered by H2O2 and NaCl using AEQUORIN, a luminescent calcium reporter. We 
are now using both genetic and proteomic approaches to identify the protein target(s) 
of the compound. The identification of the target protein(s) is expected to reveal a new 
component of plant sugar signalling and implicate a specific role for calcium fluxes. 
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ABSTRACT 

Plants have a large family of membrane receptor kinases (RKs) which sense 
extracellular signals including small molecules or peptides to control plant growth, 
development, immunity, and stress response. Arabidopsis has approximately 600 RKs 
that comprise an extracellular ligand-binding domain, a single transmembrane domain, 
and a cytoplasmic kinase domain (CKD). The largest group of RKs contains an 
extracellular leucine-rich repeat domain (LRR) with over 200 members in Arabidopsis. 
The molecular mechanism of ligand binding and receptor activation of some LRR-RKs 
has been established involving a common activation mechanism that relies on the 
ligand-induced interaction with a shape-complementary co-receptor. Activation of 
LRR-RKs by heterodimerization with a co-RK leads to interaction and 
transphosphorylation of the CKDs, resulting in downstream signaling responses. 
However, the functional understanding of most of the LRR-RKs except for a few LRR-
RKs, such as BRI1, has been hampered by their genetic redundancy and the subtle 
phenotypes of gain-of-function of RKs. Here we used the rapamycin-inducible 
dimerization module, FKBP and FRB, to design the chimeric receptor/co-receptor pair 
consisting of a LRR-RK CKD fused to FKBP and the BAK1 co-RK CKD fused to FRB 
in the plasma membrane, and demonstrated that rapamycin-induced 
heterodimerization of the chimeric LRR-RKs and the BAK1 co-RK can activate 
downstream signaling and induce the specific biological response. This new approach 
will be a very useful genetic tool to investigate biological functions of many unknown 
LRR-RKs and their signaling pathways and can be applied to synthetic biology. 
Supported by grants from RDA (PJ031220, PJ01314801) and NRF 
(2017R1A4A1015620). 
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ABSTRACT 

Temperature is a key environmental cue for germination of winter and summer annual 
plant seeds, and sometimes causes severe damage on crop production by inhibiting 
or stimulating their germination. Germination of winter annual seeds, such as 
Arabidopsis (Arabidopsis thaliana), is suppressed at high temperatures. In Arabidopsis 
seeds, supra-optimal temperature stimulates abscisic acid (ABA) biosynthesis and 
suppresses gibberellin (GA) biosynthesis. To find the factors that are involved in 
perception and transduction of high temperature signal to the hormone regulation, we 
first screened four chemical libraries contained natural and synthetic 28,679 
compounds, and selected 24 chemicals which inhibit germination at upper limit 
permissive temperatures (28-30oC) but hardly inhibit germination at 22oC. Seven out 
of the 24 chemicals showed little inhibitory effect on germination of ABA 
deficientmutant seeds at 30oC. Gene expression and hormone analyses indicated that 
two out of the seven chemicals (E1 and Ek17) enhanced expression of ABA 
biosynthesis genes (ZEP, NCED9) and increased endogenous ABA levels by about 3-
5 times of no-chemical control at 30oC, but showed little effect at 22oC. These 
chemicals may target high temperature signaling pathway that stimulates expression 
of ABA biosynthesis genes. Ek17 did not inhibit germination of htl/kai2 
and max2 seeds. E15 was an antifungal steroid biosynthesis inhibitor, and strongly 
inhibited GA biosynthesis at 30oC. These results suggest that karrikin signaling factors 
and brassinosteroid are also involved in the germination response to temperature by 
modulating ABA and/or GA biosynthesis in Arabidopsis seeds.  
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ABSTRACT 

Liverwort Marchantia polymorpha (M. polymorpha) and its close relative M. paleacea 
are members of a basal land plant lineage. Because of a low genetic redundancy, 
these species are suitable materials to study ancestral functions and evolution of plant 
hormone pathways. DWARF14 (D14) and KARRIKIN INSENSITIVE 2 (KAI2) work as 
receptors of strigolactones (SL) and unknown ligands called KL, respectively. In these 
pathways, signals are transmitted through degradation of D53/SMXL proteins via 
ubiquitination by D3/MAX2. KAI2 sub-family genes are found in all land plants whereas 
the D14 sub-family genes exist only in seed plants, suggesting that the KAI2 signaling 
is ancestral. All the three components in the SL/KL signaling pathway exist in the 
Marchantia species suggesting that the signaling pathway became functional in the 
basal land plants. We generated knock out mutants of the KAI2 signaling genes in 
the Marchantia species  using CRIPR system. The mutant phenotypes suggest that 
KAI2, D3 and D53 act in a same genetic pathway. 

Despite the absence of D14 sub-family genes in bryophytes, synthesis of SLs was 
suggested in literatures. M. polymorpha contains CCD7 genes but lacks CCD8. 
Consistently, we identified carlactone in M. polymorpha transformed with rice CCD8 
genes but not in WT plants. In contrast to M. polymorpha, CCD8 and MAX1 orthologs 
are present in M. paleacea. Indeed, carlactone and carlactonoic acid are synthesized 
in M. paleacea. We also found that the CCD8 genes are essential for Arbuscular 
mycorrhizae symbiosis in M. paleacea.   
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ABSTRACT 

In seed bearing plants, ethylene is synthesized in a two-step pathway starting with the 
enzymatic conversion of S-adenosyl methionine to 1-aminocyclopropane-1-carboxylic 
acid (ACC). ACC is then converted to ethylene by ACC oxidase. Thus, ACC treatment 
is frequently used to induce ethylene responses. Increasing evidence indicates that 
non-seed bearing plants, including algae, synthesize ACC but lack ACC oxidase 
homologs for efficient conversion to ethylene. This suggests ACC biosynthesis may 
have been conserved for ~400 million years prior to the establishment of ACC as the 
ethylene precursor, raising the possibility that ACC originally possessed other 
functions. In support of this, we have found examples where responses to ACC and 
ethylene are uncoupled, most notably in thallus growth of the liverwort Marchantia 
polymorpha. Even in Arabidopsis thaliana, mutants with reduced ACC synthesis 
display phenotypes (reduced pollen tube attraction to ovules and decreased primary 
root growth) that are rescued by ACC but not by ethylene. These phenotypes are not 
due to reduced ethylene, since they are not reproduced by chemically inhibiting ACC 
oxidase (blocking conversion of ACC to ethylene) or by blocking ethylene signaling. 
Moreover, ethylene-insensitive mutants can respond to ACC treatment. Do plants have 
an ACC signaling pathway? Interestingly, we found that ACC can activate 
Ca2+ currents in Arabidopsis root protoplasts, and this activation is dependent on 
ligand-gated glutamate receptor-like (GLR) channels. Although ACC has long been 
known as the ethylene precursor, we propose that ACC may be an evolutionarily 
conserved plant signal and speculate that ACC is a ligand for GLRs. 
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ABSTRACT 

Among the different mechanisms proposed to mediate the balance between growth, 
differentiation and stress responses, the regulation of transcriptional activity by DELLA 
proteins stands out. In Arabidopsis, DELLA accumulation promotes defence against 
stress and impairs cell division and expansion, while loss of DELLA function increases 
plant size and sensitivity towards stress. Given that DELLA protein stability is 
dependent on gibberellins (GAs), and GA metabolism is  influenced by the 
environment, DELLAs are thought to relay environmental information to the 
transcriptional programs that regulate growth and stress responses. However, DELLAs 
predate the emergence of GA metabolism, since they are found in the genomes of 
early-diverging non-vascular plants, while the active GAs and the GA receptor appear 
only in vascular plants. We have investigated the role of the only DELLA in the liverwort 
Marchantia polymorpha and found that it is preferentially expressed in meristematic 
regions, and increased DELLA levels reduced thallus growth. MpDELLA interacts with 
almost all the orthologs of the transcription factors that mediate DELLA function in 
Arabidopsis including MpPIF, indicating strong conservation of its molecular activity. 
Moreover, DELLA overexpression impairs gemma dormancy and delays 
gametangiophore formation, resembling the phenotype of Mppif mutants. In addition, 
both genotypes show higher survival rates under oxidative stress thanks to an 
increased flavonoid production. Our results suggest that the function of the ancestral 
DELLA in the first land plants would already involve the coordination between growth 
and stress responses, and the relevance of this role is shown by its conservation over 
the past 450M years. 
 
Miguel A Blázquez 
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ABSTRACT 

The plant gibberellin (GA) receptor GID1 shows sequence similarity to 
carboxylesterase (CXE). Here, we report the molecular evolution of GID1 from 
establishment to functionally diverse forms in eudicots. By introducing 18 mutagenized 
rice GID1s into a rice gid1 null mutant, we identified the amino acids crucial for GID1 
activity in planta. We focused on two amino acids facing the C2/C3 positions of ent-
gibberellane, not shared by lycophytes and euphyllophytes, and found that adjustment 
of these residues resulted in increased GID1 affinity toward GA4, new acceptance of 
GA1 and GA3 carrying C13-OH as bioactive ligands, and elimination of inactive GAs. 
These residues rendered the GA perception system more sophisticated. We 
conducted phylogenetic analysis of 169 GID1s from 66 plant species and found that, 
unlike other taxa, nearly all eudicots contain two types of GID1, named A- and B-type. 
Certain B-type GID1s showed a unique evolutionary characteristic of significantly 
higher nonsynonymous-to-synonymous divergence in the region determining 
GA4 affinity. Furthermore, these B-type GID1s were preferentially expressed in the 
roots of Arabidopsis, soybean, and lettuce and might be involved in root elongation 
without shoot elongation for adaptive growth under low-temperature stress. Based on 
these observations, we discuss the establishment and adaption of GID1s during plant 
evolution. 

This work was supported by a Grant-in-Aid for Scientific Research on Innovative Areas. 
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ABSTRACT 

As the newest discovered plant hormones, strigolactones (SLs) play major roles in 
several developmental processes in land plants. Recent phylogenetic studies suggest 
that while the SL biosynthesis pathway seems to be broadly conserved across land 
plants, the signalling pathway that is being described in vascular plants could be a 
much more recent innovation. In the lab, we are investigating the evolution of SL 
signalling using the moss Physcomitrella patens (P. patens). In P. patens, the hormone 
receptor is to be identified among eleven homologs of the known receptor in vascular 
plants (PpKAI2-Like encoding genes). Beside, the molecular function of the SL 
signalling pathway’s repressors, the SMXL proteins, remains especially mysterious. To 
uncover whether the perception of SL, as well as the function of SMXLs as repressors 
of SL signalling have been conserved across land plants’ evolution, we have devised 
genetics and biochemical approaches. Combinations of Ppkai2-like or Ppsmxl loss-of-
function CRISPR-Cas9 mutations have been obtained to investigate the role of these 
genes in moss development and sensitivity to SLs. Preliminary results suggest that 
both families of genes (PpKAI2-Like and PpSMXL) have been subjected to functional 
divergence. Transgenic lines expressing fusions of PpSMXL sequences will enable us 
to determine where and when the PpSMXLs are expressed and whether their 
localization/stability is affected by SLs. Biochemistry experiments have been initiated 
to uncover (1) the protein interaction network of both PpKAI2-Likes and PpSMXLs and 
(2) interactions of PpKAI2-Likes with SLs or analogs, to further corroborate results from 
the mutants. 
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ABSTRACT 

Seed germination is responsive to environmental chemical cues, such as karrikins, 
which are germination stimulants produced from wildfires. Seeds of Brassica 
tournefortii – a widespread problematic weed associated with post-fire and disturbance 
sites – are highly sensitive to KAR1, the most abundantkarrikin, whereas Arabidopsis 
thalianaresponds more sensitively to KAR2, a less abundant karrikin. The mechanism 
for these differential responses is unclear. KARRIKIN INSENSITIVE2 (KAI2), a 
paralogue of the strigolactone receptor DWARF14 (D14), is the putative karrikin 
receptor identified from Arabidopsis. Here we show that B. tournefortii exhibits greater 
sensitivity for KAR1 relative to KAR2 in multiple biological assays. We demonstrate 
that B. tournefortii differentially expresses three KAI2 homologues, two of which rescue 
the Arabidopsis kai2-2 null mutant. Notably, the most abundantly expressed 
homologue in B. tournefortii is sufficient to confer enhanced responses to KAR1 relative 
to KAR2 when expressed in Arabidopsis. We further identify two variant amino acid 
residues that support differential ligand preferences between the two B. tournefortii 
homologues. Our findings provide clear evidence that KAI2 is the receptor for karrikins, 
since specific amino acid substitutions near the active site change ligand specificity. 
Our results also suggest that duplication and diversification of KAI2 proteins could 
provide weedy ephemerals with the ability to respond sensitively to different karrikins 
or related compounds produced by environmental disturbance.  
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ABSTRACT 

Vascular plants have a long-distance transport system consisting of two tissue types, 
phloem and xylem. During root primary development, xylem is specified early as an 
axis of vessel element cell files, whereas phloem is established through a set of 
asymmetric cell divisions also contributing to the intervening procambial tissue 
(Mähönen et al. 2000 Genes Dev). We have recently been able to determinate how 
the key hormonal (auxin, cytokinins) and transcriptional cues (class III HD-ZIP genes, 
PEAR genes) are integrated to specify the primary vascular pattern (Miyashima et al., 
2019). This highlights early phloem as an important organizer. Subsequently, we are 
investigating the interaction of phloem with the flanking vascular tissues at a single-cell 
resolution.   

  

PLENARY 6 



112 

 

P6-2 

 
Hormonal Control of Branch Orientation Relies on the Integration 
of Light and Gravity Signaling via TAC1, LAZY1, and WEEP 

 

C. Hollender 1, J. Hill 1, A. Kohler 1, E. Saltzman 1, A.M. Bågman 2, S. Brady 
2, C. Dardick 3, J. Waite 3, S. Chinnithambi 3, A. Tabb 3, R. Scorza 3 

1Michigan State University - East Lansing (United States), 2University of California, 
Davis - Davis (United States), 3USDA-ARS Appalachian Fruit Research Station - 
Kearneysville (United States) 
 

ABSTRACT 

Tree fruit growers put a considerable amount of effort into regulating tree size and 
shape in order to establish and maintain the high-density orchards for sustainable 
production. This includes growth regulator applications, pruning, branch tying, and the 
use of dwarfing rootstocks. To find ways to minimize the cost and labor associated with 
architectural manipulation, genetic and molecular mechanisms directing branch angle 
and orientation establishment are being investigated. Genomic sequencing, homology, 
and functional studies in peach and plum identified that the gene TAC1 promotes the 
establishment of wide branch angels in trees, while LAZY1 promotes narrow branch 
angles and upward branch orientations. These genes are present in all vascular plants 
and have homologous functions in model species. Recently, we identified that a 
deletion in an uncharacterized gene we named WEEP was responsible for an 
agravitropic weeping branch phenotype in peach. WEEP promotes upward branch 
orientations, has a similar expression pattern as TAC1 and LAZY1, and a genetic 
interaction with TAC1. Past studies have placed LAZY1 in the gravitropism pathway 
upstream of lateral auxin transport. Our research suggests SA also plays a role 
in LAZY1-mediated branch orientation control. In addition, we believe 
that TAC1 represses LAZY1 function to  promote wider branch orientations. This 
repression occurs in response to photosynthesis and hormonal and developmental 
regulators, and it involves altering auxin homeostasis. In addition, WEEP may act 
downstream of TAC1 and LAZY1 to direct asymmetric ABA, GA, and ethylene 
signaling and promote cell elongation and wall composition changes to physically set 
branch positioning. 
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ABSTRACT 

To maintain the balance between long-term stem cell self-renewal and differentiation, 
dynamic signals need to be translated into spatially precise and temporally stable gene 
expression states. In the context of the apical plant stem cell system, local 
accumulation of the small, highly mobile phytohormone auxin triggers differentiation 
while at the same time, pluripotent stem cells are maintained throughout the entire life-
cycle. We find that stem cells are resistant to auxin mediated differentiation, but require 
low levels of signaling for their maintenance. We demonstrate that the WUSCHEL 
transcription factor confers this behavior by rheostatically controlling the auxin 
signaling and response pathway. Finally, we show that WUSCHEL acts via regulation 
of histone acetylation at target loci, including those with functions in the auxin pathway. 
Our results reveal an important mechanism that allows cells to differentially translate a 
potent and highly dynamic developmental signal into stable cell behavior with high 
spatial precision and temporal robustness. 
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ABSTRACT 

Drought stress is a major threat to crop production, but effective methods to mitigate 
the adverse effects of drought are not available. Abscisic acid (ABA) is a very active 
biomolecule for plant drought resistance, but its application is limited by cost and by its 
chemical instability under light. We previously identified a small chemical named ABA-
mimicking 1 (AM1), an ABA receptor agonist that is highly active in promoting plant 
drought resistance and is less expensive and more stable than ABA. Recently, we 
reported that adding fluorine atoms in the benzyl ring of AM1 optimizes its binding to 
ABA receptors by increasing the number of hydrogen bonds between the compound 
and the surrounding amino acid residues in the receptor ligand-binding pocket. The 
new chemicals, known as AMFs, have long-lasting effects in promoting stomatal 
closure and inducing the expression of stress-responsive genes. Application of AMFs 
or enhanced expression of the receptor PYL2 in Arabidopsis and soybean plants 
confers increased drought resistance. The greatest increase in drought resistance is 
achieved when AMFs are applied to the PYL2-overexpression plants. Our results 
demonstrate that combining genetic enhancement of ABA receptor expression with 
potent chemicals is very effective in helping plants combat drought stress. I will present 
new chemicals that are even more potent than the AMFs in promoting plant drought 
resistance, and will propose an integrative GCM (genetic, chemical and microbial) 
approach for protecting plants under drought stress. 
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ABSTRACT 

The phytohormone abscisic acid (ABA) is an important regulator that is accumulated 
under various abiotic stress conditions including drought, high salt, and low 
temperature. ABA is required for seed development and dormancy, seed germination, 
root and shoot growth, regulation of stomatal movement, and resistance to 
environmental stresses. In order to dissect the molecular mechanism for ABA 
regulated primary root growth, we performed a forward genetic screening to identify 
the mutants that are ABA-overly sensitive or insensitive in primary root growth. We 
have identified different genes that participate the primary root growth control, among 
which the nuclear PPR or RNA helicase proteins involved in mitochondrial RNA 
splicing are identified. We also found that some transcriptional factors participate in the 
regulation of primary root growth. I will present some new results in this talk. 
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ABSTRACT 

Fruit growth and ripening are coordinated to determine the final fruit size and are 
modulated by multiple phytohormones. How these hormones coordinate and interact 
with each other to control these processes at the molecular level is not clear. In the 
early stages of Fragaria vescafruit development, auxin increases both widths and 
lengths of receptacle fruits, while gibberellin (GA) mainly promotes their longitudinal 
elongation. We showed that auxin promoted GA biosynthesis and signaling by 
activating GA biosynthetic and signaling genes, suggesting auxin function is partially 
dependent on GA function. At the onset of fruit ripening, both auxin and GA levels 
decreased, leading to a steep increase in the endogenous level of ABA that drives 
receptacle fruit ripening. ABA repressed the expression of ABA catabolism 
gene FveCYP707A4a that inhibit fruits ripening but promoted the expression 
of FveNCED genes, a rate limiting step in ABA biosynthesis, thus interconnected ABA 
catabolism and biosynthesis control ABA level during fruit development. I will discuss 
how we use strawberry receptacle fruits as a model to understand cross-talk among 
plant hormones. 
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RESPONSE VIA LBD11 TRANSCRIPTION FACTOR IN ARABIDOPSIS 
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ABSTRACT 

Cambium homeostasis is a prerequisite for production of vascular tissues to provide 
mechanical support and long-distance transport throughout the plant body. Regulation 
of cambium homeostasis is coordination of hormones and signaling networks, which 
has been extensively studied although the full complement of regulators remains 
unknown. In this study, we identified LOB DOMAIN-CONTAINING PROTEIN 11 
(LBD11) as a novel regulator of cambium proliferation and xylem differentiation. LBD11 
deficiency results in strong defects in cambium and xylem formation, while LBD11 
ectopic expression lines form very thick rings of cambium and xylem in inflorescence 
stem. Interestingly, we also found that LBD11 is upregulated by salt, and that LBD11 
ectopic expressors show enhanced sensitivity to salt stress condition. By studying 
genomewide expression profiling and ChIP-seq analysis, we will propose a detailed 
mechanism of how LBD11 regulates cambium homeostasis and salt stress responses 
to ensure optimal growth and development of plants. 
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ABSTRACT 

Polyamines putrescine (Put), spermidine (Spd) and spermine (Spm) are ubiquitous, 
small aliphatic polycations found in eukaryotic organisms, which regulates key 
developmental and physiological events. Among other functions spermidine has been 
shown to stimulate the process of autophagy and increase lifespan across species 
including yeast, animals and even humans. However, there are not many data 
concerning the connection of polyamines and autophagy in plants. 

In our study we have followed the changes of polyamine metabolism after induction of 
autophagy by sucrose starvation in cell suspension tobacco BY2 cells. We observed 
the levels of free polyamines and the expression of biosynthetic enzyme genes 
(arginine decarboxylase, ornithine decarboxylase, spermidine synthase and S-
adenosylmethionine decarboxylase) during 10 days of cultivation. Besides the 
polyamine metabolism analysis in control and starved cultures, we analyzed the effect 
of external spermidine application as well as the effect of autophagy inhibitor 3-
methyladenin. The autophagy process was monitored on the anatomical level and on 
the levels of selected autophagy related gene expressions. All treatments affected to 
some extent both the content of free polyamines and the expression levels of 
polyamine biosynthetic enzyme genes. The most pronounced changes in free 
polyamine content were found in sucrose starved variant after spermidine treatment, 
where a significant increase in Put and a decrease in Spd and Spm were observed 
throughout the cultivation. These changes were accompanied by the changes in 
biosynthetic enzyme gene expression levels. 

The obtained data show that the polyamine metabolism of tobacco cell culture is 
affected by autophagy induction. 
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ABSTRACT 

The terrestrial cyanobacterium Nostoc sp. HK-01 has a life cycle with several different 
types of cells: vegetative cells with photosynthetic abilities, heterocysts with nitrogen 
fixation abilities, motile hormogonia, and dormant akinetes. Akinete cells in a dried 
state can revive after exposure to vacuum, UV, gamma-rays, heavy particle beams, 
and extreme temperatures. Thus, Nostoc sp. HK-01 can be utilized for biochemical 
circulation in extreme environments, although the detailed mechanisms of dormancy 
and germination have not been investigated. Plant growth substances are produced 
by not only higher plants but also by moss, algae, and cyanobacteria groups. The 
production abilities of plant growth substances (i.e., auxin, ethylene, abscisic acid, 
cytokinin, and gibberellin) in several cyanobacterial species were reported, although 
the activities of these substances in the cyanobacterial cells were not shown. Plant 
hormones and/or novel substances can play important roles in the dormancy or 
germination of cyanobacteria. In this study, we tested the existence of plant growth 
substances in a terrestrial cyanobacterium, Nostoc sp. HK-01, and detected several 
substances. We discuss the physiological functions of these substances for the 
regulation of the life cycle of cyanobacteria. 
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ABSTRACT 

Cytokinins are naturally occurring substances that act as plant growth regulators and 
promote plant growth and development including shoots initiation, branching, apical 
dominance and leaf senescence. According to the substitution in the position N6 of 
adenine scaffold they are divided into two main groups: aromatic and isoprenoid. 
Aromatic cytokinin 6-benzylaminopurine (BAP) has been widely used in 
micropropagation systems and biotechnology, however, its 9-glucoside (BAP9G) 
accumulates in the explant causing root inhibition and heterogenity in growth. To 
overcome BAP disadvantages the series of variously ring-substituted BAP N9-sugar 
derivatives were prepared and examined in different cytokinin bioassays. Amaranthus, 
senescence, and tobacco callus bioassays were employed to provide details of 
cytokinin activity of 2´-deoxy-9(β)-D-ribosides in comparison to free bases and 
ribosides. Prepared derivatives were also tested whether they are recognized by 
cytokinin AHK3 and AHK4 Arabidopsis thaliana receptors or not. The ability of aromatic 
N6-substituted adenine-2´-deoxy-9(β)-D-ribosides to promote plant growth and delay 
senescence increased remarkably and, as opposed to BAP, no loss of cytokinin activity 
at higher concentrations was observed. The presence of 2´-deoxyribosyl moiety at N9-
position led to an increase in cytokinin activities in comparison to free bases and 
ribosides. Additionally, the antioxidant capacity of 2´-deoxy-9(β)-D-ribosides was also 
examined. 
This work was financially supported by the Ministry of Education, Youth and Sport of 
the Czech Republic, ERDF project "Plants as a tool for sustainable global 
development" (No. CZ.02.1.01/0.0/0.0/16_019/0000827) as well as by the Internal 
Grant Agency of Palacký University IGA_PrF_2019_018. 
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ABSTRACT 

Phosphorus (P) is an essential macronutrient for plant growth and productivity of crops. 
To seek a better understanding of the complex responses of tomato to P stress, we 
performed transcriptome analysis of tomato roots under P starvation and 
replenishment. A total of 58, 331, 406 and 187 significantly differentially expressed 
genes (DEGs) were identified upon 2, 3, 4 and 5 days of P starvation compared with 
control roots. This shows that tomato responds to P starvation already at an early time 
point, reaching the highest level of response after 4 days P starvation. GO enrichment 
analysis of DEGs from P starvation and replenishment revealed that they are enriched 
for biological processes such as phosphoprotein phosphatase activity, phosphoric 
ester hydrolase activity, (protein) phosphatase activity and hydrolase activity acting on 
ester bonds. To see whether any metabolic pathways were affected, Mapman analysis 
was performed showing that glycolipid synthesis, phospholipid degradation and 
sucrose phosphate synthase were all induced by P deficiency and repressed by P 
replenishment, suggesting that remodeling of both lipid and sugar metabolism are two 
essential adaptive mechanism to P stress in plants. To elucidate the role of 
strigolactones (SL) in the transcriptome changes upon P deficiency, a SL mutant 
(ccd8) and GR24 treatment were included in the experiment. Results will be shown 
and discussed in Mapman and other analyses, which show that SLs are required for 
many of the changes in the expression of genes involved in remodeling of primary, 
secondary and plant hormone metabolism under P deficiency. 
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ABSTRACT 

Auxins influence all stages of the life cycle of plants, from germination to senescence. Anti-
auxins, on the other hand, competitively inhibit the actions of auxins. Until recently, synthetic 
auxins and anti-auxins were discovered through biological studies of synthetic auxin 
analogues and related compounds. The identification of TIR1 as an auxin receptor enabled 
rational design of novel auxins and anti-auxins based on their predicted binding to TIR1 by in 
silico screening. 

Herein, we report a novel auxin analogue BP-IAA which was predicted to be a strong TIR1 
antagonist by in silico docking experiments. Its anti-auxin activity was confirmed in vitro by 
SPR analyses. In vivo, classical auxin responses were antagonized by BP-IAA, such as 
primary root growth inhibition, expression of GUS and GFP signals in the roots of auxin-
responsive reporter lines DR5::GUS and DR5::GFP, respectively, and degradation of DII-
VENUS signal in the roots of p35S::DII-VENUS reporter line. Interestingly, BP-IAA action in 
the shoot appeared to be more complex than initially anticipated. In the hypocotyls of 
MBD::GFP plants, BP-IAA antagonized exogenous auxin effects such as reorientation of the 
cytoskeleton and decreases in microtubule density, as well as reduced cell elongation. 
However, when applied alone BP-IAA did not induce significant changes to the aforementioned 
parameters. 

Thus, we have shown that BP-IAA acts as a strong anti-auxin in the root and that this effect is 
not translated into activity in the shoot, differentiating it from auxinole. This novel anti-auxin 
could have potential applications in basic plant research. 
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CHARACTERISTICS OF SHOOT BRANCHING PLASTICITY IN RESPONSE TO 

NITRATE SUPPLY IN ARABIDOPSIS SELECTION LINES 

 

U. Baster 1, H. Tavares 1, R. Butler 2, G. Tate 3, A. Thomas 4, O. Leyser 1 

1Sainsbury Laboratory University of Cambridge - Cambridge (United Kingdom), 
2Greenwillows Associates Ltd - Warboys (United Kingdom), 3University of 
Cambridge - Cambridge (United Kingdom), 4University of York - York (United 
Kingdom) 

 
 

ABSTRACT 

Plants are plastic organisms that tune their growth and development to changing 
environmental conditions, integrating them with endogenous developmental 
programmes. As a result, one genotype is able to produce different phenotypes. The 
degree of shoot branching is an excellent model for the study of developmental 
plasticity. Shoots emerge from axillary buds, which are located in the axils of the 
leaves. Bud activation involves the integration of several signals, both internal (e.g. 
auxin, cytokinin and strigolactone hormones) and external (e.g. light level and 
nutrition). 

To investigate the genetic architecture of shoot branching, we carried out an artificial 
selection experiment, using 400 Multiparent Advanced Generation Inter-Cross 
(MAGIC) lines as parents. For ten generations plants were grown and selected on high 
and low nitrate (N) according to two regimes: selection for high branching; or random 
(no) selection. The selected individuals were randomly intercrossed to produce next 
generation. After 10 generations, a set of inbred lines was generated from the resulting 
individuals by single seed descent (SSD). 

Here we characterize a subset of SSD lines, representing two different life history 
strategies in response to nitrate. Lines selected on high N are more plastic- they branch 
depending on N supply, flower later and have higher biomass; lines selected on low N 
are non-plastic – they branch regardless of N supply, flower earlier and have lower 
biomass. Additionally, RNA-seq data show differences between low-plasticity and 
high-plasticity individuals at the transcriptome level.    
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PROFILES OF PHENOLIC ACIDS IN APPLES DURING RIPENING AND 

STORAGE 

 

Z. Vondráková 1, J. Malbeck 1, A. Trávnícková 1, M. Cvikrová 1 

Institute of Experimental Botany of the Czech Academy of Sciences - Prague 6, Lysolaje 
(Czech Republic) 

 
 

ABSTRACT 

Phenolic compounds constitute a substantial group of phenylpropanoids which are produced 
by plants as secondary metabolites with antioxidant properties. The spectrum and 
concentrations of phenolic acids serve as a convenient marker of plant resistance to biotic 
stresses. Phenolics form also an important component of animal diet. 

Apples are a widely available fruit exhibiting significant concentrations of antioxidants, 
especially phenolics and carotenoids. Generally, the concentrations and composition of 
antioxidants vary during ripening and subsequent handling of harvested fruits. We report a 
study of phenolic acids in three apple cultivars (Station of Apple Breeding, IEB). 

Free and glycoside-bound phenolic acid contents in apple peels and fleshes during apple 
ripening, immediately after harvest and during storage were determined. Chlorogenic acid was 
the major free phenolic acid both in peels and fleshes followed by much lower concentrations 
of hydroxybenzoic acid and hydroxycinnamic acid derivatives. The spectrum of glycoside-
bound phenolic acids was broader. The most abundant was protocatechuic acid. The lesser 
extent of the derivatives of hydroxybenzoic acid was determined. Changes in the phenolic acid 
contents during ripening and storage were observed. The highest level of free as well as 
glycoside-bound phenolic acids was found in immature fruits. During ripening it decreased 
steeply. Slight increase occurred before the harvest time. A moderate increase was observed 
during storage. Storage does not diminish the value of apples as a significant source of 
antioxidants in human diet.   

This work was supported by the Ministry of Education of the Czech Republic, project LTC 
17034; (COST Action CA 15136). 
 
Zuzana Vondráková 
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ZINC RESPONSIVE DEFENSIN-LIKE FAMILY PROTEINS MAY HAVE A ROLE IN 

ROOT ELONGATION 

 

Y. Fukao 1 

Ritsumeikan University - Kusatsu (Japan) 

 
 

ABSTRACT 

Zinc is an essential micronutrient for plant growth. To maintainthe cellular functions, 
plants increase expressions of zinc transporters for uptake zinc in roots. These 
transporters are regulated by the basic-region leucine-zipper transcription factors, 
bZIP19 and bZIP23. However, other mechanisms are poorly understood. Recently, 
our iTRAQ analysisrevealed that some defensin-like (DEFL) family proteins increased 
in zinc deficient roots. Therefore, we have performed functional analyses of 
At2g36255, which is the highest increased DEFL family protein. Quantitative analysis 
at mRNA and protein expression levels showed that At2g36255 was highly increased 
by zinc deficiency in roots but not in shoots. qRT-PCR revealed that At2g36255 is 
regulated by bZIP19 but not bZIP23 in roots. Also, the fluorescence of At2g36255 
fused with GFP mainly observed plasma membrane or out side of cells in roots. These 
results indicate that At2g36255 would mainly function in roots. Then, we examined the 
mRNA responsibility to other mineral deficiencies. As the result, the expression level 
of At2g36255 was only increased by zinc deficiency. However, phenotype of the T-
DNA insertion mutant showed no significant differences compared to wild-type Col-0. 
Then, we have found a pralogous DEFL family protein gene. The T-DNA insertion 
mutant of the pralogous gene exhibited no clear phenotypes. Therefore, we have 
generated a homozygous double mutant. The roots length of the double mutant was 
significantly longer than Col-0 on any growth conditions. They may have a functional 
role in regulation of root elongation under undesirable conditions such as zinc deficient 
condition. 
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DEVELOPMENT OF STRIGOLACTONE AGONISTS POSSESSING SELECTIVITY 

FOR DWARF14 RECEPTOR 

 

I. Takahashi 1, T. Ota 1, T. Asami 1 

Department of Applied Biological Chemistry, The University of Tokyo - Tokyo 
(Japan) 

 
 

ABSTRACT 

Strigolactones (SLs) are plant hormone identified as shoot branching inhibitors and 
function as rhizosphere communication chemicals. We previously reported that a 
series of phenoxyfuranone compounds, designated ‘debranones’, mimic SL activity. 
When docking into SL receptor DWARF14 (D14), as with natural SLs, debranones are 
hydrolyzed by D14 and the hydrolytic product is then covalently linked with D14. 
Recent study showed that intact SL induce active signaling state of D14 and hydrolysis 
of SLs is a deactivation step. In this work, we prepared several analogs of debranones 
which are not cleaved by D14. We evaluated the biological activities of these 
compounds with rice tillering assays using SL-biosynthesis mutant. These compounds 
showed tiller inhibition activity more potently than GR24, a widely used SL analog. We 
demonstrated that these compounds bind to the rice D14 receptor and induce the 
interaction between D14 and repressor protein D53. As SLs also show activity by 
inducing seed germination of root parasitic plants, the induction activity of these 
derivatives was also evaluated. These compounds had no significant effect on seed 
germination of root parasitic plant Striga hermonthica. These results suggest that these 
compounds are SL agonists with selectivity for plant hormonal activity. 
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NEW MOLECULAR COMPONENTS REGULATING APICAL HOOK 

DEVELOPMENT IN ARABIDOPSIS REVEALED BY CHEMICAL GENOMICS 

 

Q. Ma 1, B. Parízková 2, 3, D.K. Barange 1, 4, I. Crespo 5, J. Bygdell 6, G. 
Wingsle 1, P.A. Enquist 4, F. Almqvist 4, O. Novák 1, 2, 3, R. Boer 5, S. Robert 
1 

1Department of Forest Genetics and Plant Physiology, Umeå Plant Science Centre, 
Swedish University of Agricultural Sciences, SE-901 83 Umeå, Sweden - Umeå 
(Sweden), 2Laboratory of Growth Regulators, Institute of Experimental Botany, The 
Czech Academy of Sciences, CZ-78371 Olomouc, Czech Republic - Olomouc (Czech 
Republic), 3Laboratory of Growth Regulators, Faculty of Science, Palacký University, 
CZ-78371 Olomouc, Czech Republic; - Olomouc (Czech Republic), 4Laboratories for 
Chemical Biology Umeå, Chemical Biology Consortium Sweden, Department of 
Chemistry, Umeå University, SE-901 87 Umeå, Sweden; - Umeå (Sweden), 5XALOC 
beamline, ALBA synchrotron (CELLS), 08290 Cerdanyola del Valles, Spain - Barcelona 
(Spain), 6Computational Life Science Cluster (CLiC), Department of Chemistry, Umeå 
University, SE-901 87 Umeå, Sweden - Umeå (Sweden) 

 

ABSTRACT 

Phytohormone-mediated differential growth imparts the morphological adaptability and 
plasticity to plants in response to environmental stimuli. Understanding the cellular and 
molecular mechanisms underlying such process, which is one of the common targets 
for genetic manipulation, is critical for the successful improvement of crop performance 
by biotechnology. Apical hook is an ideal model for studying differential growth. In the 
current study, we applied the chemical biology strategy and identified a novel small 
molecule compound named Hit-45 primarily regulating the opening process during 
apical hook development. Our data showed that Hit-45 functions through modulating 
the crosstalk of phytohormone signaling. Moreover, we successfully identified a WD40-
repeat protein named Delay of Apical Hook Opening in axr1-30 (DAPIA) as the direct 
target of Hit-45 by a combination of biochemical, genetic and biophysical approaches. 
We believe that the compound Hit-45 may be a powerful chemical tool to unravel 
unknown molecular components involved in the phytohormone crosstalk regulating the 
apical hook development, improving our understanding of the mechanisms governing 
differential cell growth. 
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SYNTHESES OF TRITIUM-LABELED CYTOKININS AND AUXINS WITH HIGH 

MOLAR RADIOACTIVITY 

 

L. Zahajská 1 

The Czech Academy of Science, Institute of Experimental Botany, Isotope Laboratory - 
Prague (Czech Republic) 

 

ABSTRACT 

In studies of the interactions of small molecules with receptors, enzymes and other complex 
biological molecules and systems, compounds labeled with tritium are indispensable because 
they can be detected and quantified at the nanomolar level of concentration. Our department 
has more than 60 years of experience in radiochemical syntheses and is one of a few 
laboratories capable of providing labeled plant hormones for research purposes in the world. 

Out of existing methods for preparation of tritium-labeled compounds, we utilize methods 
based on: 
1) heterogenous exchange catalyzed by platinum metals in a solution with tritium gas - this 
approach has been applied for tritiation of aromatic cytokinins and aromatic cytokinin 
ribosides; 
2) catalytic tritiation of multiple bonds – the first choice for preparation of labeled 
dihydrozeatin; 
3) tritiodehalogenation - suitable for preparation of labeled auxins and precursors for 
cytokinins bearing a double bond in the N6-side chain. The procedure for purine type 
compounds starts with an appropriate 2-chloropurine derivative. Tritium label is introduced 
into the position 2 of the purine core. Selected N6-side chain is inserted in the next step. 
Thus, cytokinins such as [2-3H]isopentenyladenine, [2-3H]zeatins, and their ribosides, N-
glucosides, and O-glucosides can be prepared. 

Raw radioactive products are purified by HPLC. Our procedures provide labeled tracers of top-
level radiochemical purity and very high molar radioactivity (>1 TBq/mmol). Some deuterium 
labeled cytokinins have been prepared in the analogical way as standards for mass 
spectromerty. 

Financial support was provided by the projects 17-14007S and 19-12262S from the Czech 
Science Foundation. 
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DEVELOPMENT OF THE NEW SYNTHETIC AGONIST OF HTL/KAI2 RECEPTOR 

 

K. Fukui 1, K. Arai 1, T. Asami 2, K. Hayashi 1 

1Okayama University of Science - Okayama (Japan), 2The University of Tokyo - 
Tokyo (Japan) 

 
 

ABSTRACT 

HTL/KAI2 hydrolase protein was initially identified as a signaling component involved 
in hypocotyl elongation under red and far red light condition, and HTL/KAI2 was now 
recognized as a receptor for karrikins, a group of smoke-derived compound. Karrikins 
induce seed germination of various plants and affect photomorphogenesis. However, 
endogenous ligand, physiological role and signaling pathway of HTL/KAI2 remain 
largely unclear. In the case of D14 hydrolase protein, a paralogue of HTL/KAI2, GR24 
and a lot of chemical tools advanced the research of biological function and molecular 
mechanism of D14. On the other hand, few chemical tools for HTL/KAI2 were 
available. Karrikins and (-)-GR24 can be used as agonists for HTL/KAI2, although the 
limited supply of these synthetic substances would hinder large-scale experiment like 
mutant screening in HTL/KAI2 pathway. Therefore, we newly designed simple 
molecules with HTL/KAI2 agonistic activity, and assessed these agonists in several 
biological assays of HTL/KAI2 responses. Herein, we demonstrated our new HTL/KAI2 
agnonist would be promising chemical tools for HTL/KAI2 signaling. 
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THE FUNGAL SESQUITERPENOID PYRENOPHORIC ACID B USES THE PLANT 

ABA BIOSYNTHETIC PATHWAY TO INHIBIT SEED GERMINATION. 

 

J. Lozano-Juste 1, M. Masi 2, A. Cimmino 2, S. Clement 3, M.A. Fernández 
1, R. Antoni 1, S. Meyer 1, P.L. Rodríguez 1, A. Evidente 2 

1Instituto de Biologia Molecular y Celular de Plantas (IBMCP), Consejo Superior 
de Investigaciones Científicas (CSIC), Universidad Politécnica de Valencia 
(UPV), C/Ingeniero Fausto Elio s/n Edificio 8E, 46022 Valencia, Spain - Valencia 
(Spain), 2Dipartimento di Scienze Chimiche, Università di Napoli Federico II, 
Complesso Universitario Monte Sant’Angelo, Via Cintia 4, 80126 Napoli, Italy - 
Napoli (Italy), 3Shrub Sciences Laboratory, U.S. Forest Service Rocky Mountain 
Research Station, 735 North 500 East, Provo, Utah 84606, United States - Provo 
(United States) 

 
 

ABSTRACT 

Pyrenophoric acid (P-Acid) and pyrenophoric acids B and C (P-Acid B and P-Acid C) 
are three phytotoxic sesquiterpenoids produced by the ascomycete seed pathogen 
Pyrenophora semeniperda, a fungus proposed as a mycoherbicide for biocontrol of 
cheatgrass, an extremely invasive weed. When tested in cheatgrass bioassays these 
metabolites were able to delay seed germination, with P-Acid B being the most active 
compound. Here, we have investigated the cross-kingdom activity of P-Acid B and its 
mode of action and found that it activates the ABA signaling pathway in order to inhibit 
seedling establishment. P-Acid B inhibits seedling establishment in wild-type 
Arabidopsis thaliana while several mutants affected in the early perception as well as 
in downstream ABA signaling components were insensitive to the fungal compound. 
However, in spite of structural similarities between ABA and P-Acid B, the later is not 
able to bind to the PYR/PYL family of ABA receptors. Instead, we have found that P-
Acid B activates the ABA biosynthesis pathway at the level of alcohol dehydrogenase 
ABA2. We propose that the fungi Pyrenophora semeniperda manipulates plant ABA 
biosynthesis as a strategy to reduce seed germination, increasing its ability to cause 
seed mortality and thereby increase its fitness through higher reproductive success. 
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A CHEMICAL SCREENING IDENTIFIED A CANDIDATE THAT TARGETS YUCCCA 

 

K. Jiang 1, Y. Zhu 1, W. Song 2, H. Guo 1 

1Southern University of Science and Technology - Shenzhen (China), 2Max 
Planck Institute - Munchen (Germany) 

 
 

ABSTRACT 

Chemical regulators are useful in both basic research and application in agriculture 
studies. To identify new regulators in root growth, a phenotype-directed chemical 
screening was performed by using Arabidopsis mutants eto1-2 and ctr1-1, which are 
the dominantly active in ethylene signal and display constitutive “short root” phenotype. 
A chemical was identified to recover the root elongation in eto1-2 and ctr1-1. Further 
studies revealed that the chemical displays impact on auxin related responses rather 
than the ethylene signal. Genetics and biochemical investigation demonstrated that 
chemical inhibited the enzyme activity of the flavin-containing monooxygenase (FMOs) 
YUCCA, a key enzyme in indole-3-pyruvic acid (IPA) branch of auxin biosynthesis 
pathway. Taken together, our study identified an inhibitor of YUCCA that is useful for 
dissecting different steps in auxin biosynthesis and in the regulation of root elongation. 
 
JIANG Kai 
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COVALENT RECEPTOR INHIBITORS OF STRIGOLACTONES THAT AFFECT 

PLANT ARCHITECTURE AND STRIGA GERMINATION 

 

A. Tadao 1, K. Ko 1, S. Toshihiko 1, H. Nakamura 1 

Graduate School of Agricultural and Life Sciences, The University of Tokyo - 
Tokyo (Japan) 

 
 

ABSTRACT 

Strigolactones, a class of plant hormones with multiple functions, mediate plant-plant 
and plant-microorganism communications in the rhizosphere. In this study, we 
developed potent strigolactone antagonists, which covalently bind to the strigolactone 
receptor D14, by preparing an array of triazole urea compounds. Using yeast two-
hybrid and rice-tillering assays, we identified a triazole urea compound KK094 as a 
potent inhibitor of strigolactone receptors. Liquid chromatography-tandem mass 
spectrometry analysis and X-ray crystallography revealed that KK094 was hydrolyzed 
by D14, and that a reaction product of this degradation covalently binds to the Ser 
residue of the catalytic triad of D14. Furthermore, we identified two triazole urea 
compounds KK052 and KK073, whose effects on D14-D53/D14-SLR1 complex 
formation were opposite due to the absence (KK052) or presence (KK073) of a 
trifluoromethyl group on their phenyl ring. These results demonstrate that triazole urea 
compounds are potentially powerful tools for agricultural application and may be useful 
for the elucidation of the complicated mechanism underlying strigolactone perception. 
 

POSTER PRESENTATION 



9 

P17 

 

FPX IS A NOVEL CHEMICAL INDUCER THAT PROMOTES CALLUS FORMATION 

AND SHOOT REGENERATION IN PLANTS 

 

GraT. Nakano 1, A. Yamagami 1, S. Tanaka 2, S. Takeno 2, T. Kushiro 3, T. 
Asami 4 

1Grad. School.Biostudies, Kyoto Univ. - Kyoto (Japan), 2RIKEN/Meiji Univ. - 
Kyoto (Japan), 3Meiji Univ. - Wako (Japan), 4Univ. Tokyo - Tokyo (Japan) 

 
 

ABSTRACT 

Auxin and cytokinin controls callus formation from developed plant organs as well as 
shoot regeneration from callus. Dedifferentiation and regeneration of plant cells by 
auxin and cytokinin stimulation are considered to be caused by the reprograming of 
callus cells, but this hypothesis is still argued to this day. Although an elucidation of 
the regulatory mechanisms of callus formation and shoot regeneration has helped 
advance plant biotechnology research, many plant species are intractable to 
transformation because of difficulties with callus formation. In this study, we identified 
Fipexide (FPX) as a useful regulatory compound through a chemical biology-based 
screening. FPX was shown to act as a chemical inducer in callus formation, shoot 
regeneration, and Agrobacteriuminfection. With regards to morphology, the cellular 
organization of FPX-induced calli differed from those produced under auxin/cytokinin 
conditions. Microarray analysis revealed that the expression of approximately 971 
genes were up-regulated two-fold after a two-day FPX treatment compared with non-
treated plants. Among these 971 genes, 598 genes were also induced by 
auxin/cytokinin, whereas 373 genes were specifically expressed upon FPX treatment 
only. FPX can promote callus formations in rice, poplar, soybean, tomato and 
cucumber, and thus can be considered a useful tool for revealing the mechanisms of 
plant development and for use in plant transformation technologies. 
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SYNTHESIS AND BIOLOGICAL EVALUATION OF NOVEL TRIAZOLE 

DERIVATIVES AS STRIGOLACTONE BIOSYNTHESIS INHIBITORS 

 

K. Kawada 1, M. Arai 1, I. Takahashi 2, Y. Sasaki 1, T. Asami 2, 3, 4, S. Yajima 
1, S. Ito 1 

1Department of Bioscience, Tokyo University of Agriculture (Japan), 
2Department of Applied Biological Chemistry, The University of Tokyo (Japan), 
3JST, CREST, Saitama (Japan), 4Department of Biochemistry, King Abdulaiz 
University (Saudi Arabia) 

 
 

ABSTRACT 

Strigolactones (SLs) are one of the plant hormones that control several important 
agronomic traits, such as shoot branching, leaf senescence and stress tolerance. In 
addition, SLs are known as seed germination compounds in root parasitic plants, 
Orobanche spp. and Striga spp., which are harmful plants for crops. Manipulation of 
the SL biosynthesis can reduce their damages. We previously reported that triazole 
derivative, TIS108, inhibits SL biosynthesis. In this study, we synthesized a number of 
novel TIS108 derivatives. Structure-activity relationship studies reveals that 4-(2-
phenoxyethoxy)-1-phenyl-2-(1H-1,2,4-triazol-1-yl)butan-1-one (KK5) inhibits the level 
of 4-deoxyorobanchol in root stronger than TIS108. We further found that KK5-treated 
Arabidopsis showed increased branching phenotype with the up-regulated gene 
expression of AtMAX3 and AtMAX4. Furthermore, Striga germination assay showed 
that KK5 could inhibit the seed germination. These results indicate that KK5 is a 
specific SL biosynthesis inhibitor in rice and arabidopsis. 
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NEW KINETIN-LIKE DERIVATIVES WITH UVA/UVB PHOTOPROTECTIVE AND 

ANTIOXIDANT PROPERTIES 

 

M. Hönig 1, L. Plíhalová 1, K. Ryšavá 1, L. Spíchal 1, J. Voller 2, A. 
Kadlecová 2, A. Rajnochová Svobodová 3, J. Vostálova 3, J. Ulrichová 3, 
K. Doležal 1 

1Department of Chemical Biology and Genetics, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Faculty of Science, Palacký 
University, Šlechtitelu 27, CZ-783 71 - Olomouc (Czech Republic), 2Laboratory of 
Growth Regulators, The Czech Academy of Sciences, Institute of Experimental 
Botany & Palacký University, Šlechtitelu 27, CZ-78371 - Olomouc (Czech 
Republic), 3Department of Medical Chemistry and Biochemistry, Faculty of 
Medicine and Dentistry, Palacký University Olomouc, Hnevotínská 3, 775 15 - 
Olomouc (Czech Republic) 

ABSTRACT 

Kinetin, a compound that belongs among aromatic cytokinins, has been described as 
a multiactive molecule with various activities both in animal and plant cells. It is able to 
delay leaf senescence in plants and concurrently possess various antioxidant 
properties. Furthermore, this small molecule is able to delay age-related characteristics 
in human fibroblasts. Nowadays, Kinetin and its THP derivative 6-(furfurylamino)-9-
(tetrahydropyran-2-yl)purine (Pyratine) are utilized in cosmetics as these compounds 
were proven to possess positive effect on human skin. 

New kinetin-like derivatives with modified furfuryl moiety, including ring saturation or 
oxygen atom substitution with sulphur, were prepared. New derivatives were also 
modified at N9 atom by THF (tetrahydrofuran-2-yl) and THP (tetrahydropyran-2-yl). 
These protective groups were previously found to reduce cytokinin toxicity as well as 
enhance their transport in plants. 

Prepared compounds were screened in three cytokinin bioassays, Amaranthus 
caudatus betacyanin test, Tobacco callus biotest and wheat leaf senescence bioassay. 
Selected compounds were tested for Nrf2 gene activation and ability to absorb oxygen 
radicals in ORAC assay as well as in Caenorhabditis elegans in-vivo model to examine 
their antioxidant properties. Once cytotoxicity on human skin cells was excluded, 
selected compounds were tested on human dermal fibroblasts (NHDF) and 
immortalised human keratinocyte cell line (HaCaT) to exclude phototoxicity and reveal 
possible UVA and UVB photoprotective effect. Proven photoprotective properties were 
connected with ability to supress ROS generation and inhibit glutathione depletion. 

The work was supported from ERDF project "Development of pre-applied research in 
nanotechnogy and biotechnology" (No. CZ.02.1.01/0.0/0.0/17_048/0007323). 
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Dept of Chemical Biology and Genetics, CRH, Faculty of Science, Palacký 
University, Šlechtitelu 27, CZ-783 71 Olomouc, Czech Republic - Olomouc 
(Czech Republic) 

 

ABSTRACT 

Cytokinins as well as some of their purine based derivatives are able to modulate a 
number of important developmental processes including leaf senescence, which is 
associated with chlorophyll breakdown and oxidative damage. Several derivatives of 
cytokinins were proven to protect plant as well as human skin cells against stress 
factors. Structural changes via particular substitutions of particular cytokinin atoms can 
dramatically change resulting biological activities related to senescence and cell 
protection. Some recently prepared derivatives showed to be photoprotective for 
human skin fibroblasts against UVA and UVB radiation and others showed to be active 
against human skin aging. Thus, we focused on controlled structural support of 
protective responses against oxidative damage. The main goal of this study is to show 
how the antisenescent activity of cytokinin derivatives may be related to their chemical 
structure. Several cytokinin derivative structures obtained using rtg diffraction methods 
will be shown and their physical properties before and after derivatization will be 
discussed. Structural motifs in cytokinin derivatives that may be responsible for their 
significant regulatory and protective activity should be taken into account while 
designing new functionalized molecules that should bring prospect to plant or animal 
cells. 

The work was supported from ERDF project "Development of pre-applied research in 
nanotechnogy and biotechnology" (No. CZ.02.1.01/0.0/0.0/17_048/0007323). 
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REAL-TIME TRACKING OF AUXIN AND CALCIUM RESPONSES IN 

GRAVISTIMULATED ARABIDOPSIS ROOTS 

 

 

N. Gnyliukh 1, I. Verstraeten 1, E. Himschoot 2, 3, S. Vanneste 2, 3, J. Friml 1 

1IST Austria - Klosterneuburg (Austria), 2Center for Plant Systems Biology, VIB-
Ghent University - Gent (Belgium), 3Department of Plant Biotechnology and 
Bioinformatics, Ghent University - Gent (Belgium) 

 
 

ABSTRACT 

Sensing and responding to changes of the gravity vector is an essential feature of plant 
roots. PIN-mediated asymmetric redistribution of auxin in a gravistimulated root tip 
results in an increase of auxin at the lower sides of the roots, where it causes an 
inhibition of growth and the root consequently bends downwards. In addition, Ca2+, as 
one of the major secondary messengers, has been proposed to play a crucial role in 
the auxin-induced signal transduction during the gravitropism. Our unique setup, with 
a vertical microscope allowing real-time tracking of the growing roots, allows us to 
monitor both cytosolic Ca2+ changes and auxin responses at a high spatio-temporal 
resolution. We therefore use the novel GLUTAMATE RECEPTOR-LIKE channel-
based Ca2+ sensor (GCAMP) (Toyota et al., 2018), and the R2D2 auxin reporter (Liao 
et al., 2015) in combination with a microfluidic perfusion system, which allows on 
demand treatment switches. Applying auxin at low concentrations (10 nM IAA) greatly 
reduced both the elongation and gravitropic response of roots. Moreover, using the 
GCAMP sensor we confirmed a rapid, side-specific increase of the cytosolic Ca2+ 
following gravistimulation. Using these observations, we are further exploring the 
mechanism underlying the role of TIR1/AFB-Aux/IAA auxin signaling and Ca2+ in 
regulating plasma membrane polarization necessary to allow differential growth during 
gravitropism. 
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AUXIN RAPIDLY INHIBITS ROOT GROWTH VIA REGULATION OF APOPLASTIC 

PH 

 

 

L. Li 1, I. Verstraeten 1, L. Rodriguez 1, Z. Gelová 1, M. Fendrych 2, B. Rybel 
3, 4, D. Weijers 5, W. Gray 6, J. Friml 1 

1Austria IST - Klosterneuburg (Austria), 2Charles University - Prague (Czech 
Republic), 3Ghent University - Ghent (Belgium), 4VIB Center for Plant Systems 
Biology - Ghent (Belgium), 5Wageningen Univerisity - Wageningen 
(Netherlands), 6University of Minnesota - Minneapolis (United States) 

 
 

ABSTRACT 

The phytohormone auxin has two opposing physiological functions in Arabidopsis: it 
promotes cell elongation in the shoot, but represses it in the root. The time taken to 
achieve these functions also differs markedly, so that elongation takes about 20 
minutes, while repression below 30 seconds. How auxin mediates these opposite 
effects in different cell contexts and in different time scale, has been questioned for 
nearly 30 years. Recent work has suggested that a novel, rapid non-transcriptional 
branch of the TIR1 pathway is involved in auxin-mediated root growth inhibition1; 
however, the mode of action for this pathway remains unclear. 

Here, by combining microfludics, live imaging and genetic engineering, we analyzed 
several proposed cellular mechanisms including apoplast alkalization, microtubule 
orientation and vacuole constriction. Based on the time scale of 30 seconds, as well 
as the requirement of receptor TIR1, we identified that auxin rapidly inhibits root growth 
mainly via apoplast alkalization. To understand how auxin alkalizes root apoplast, we 
examined the phosphorylation states of H+-ATPase following auxin treatment. 
Surprisingly, the activation sites were phosphorylated rapidly, which should act 
antagonistically to apoplast alkalization. This suggests a complex regulation of root 
growth by auxin: two potentially antagonistically acting pathways mediate rapid 
apoplast pH changes and growth regulation. The signaling mechanism underlying 
these two distinct auxin effects converging on pH regulation will be explored. 

1   Fendrych, M. et al. Rapid and reversible root growth inhibition by TIR1 auxin 
signalling. Nature plants 4, 453 (2018). 
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INFLORESCENCE STEMS OF ARABIDOPSIS AFTER WOUNDING 

 

 

E. Mazur 1, N. Rydza 2, J. Friml 3 

1Department of Cell Biology, Faculty of Biology and Environmental Protection, 
University of Silesia in Katowice - Katowice (Poland), 2Department of 
Developmental and Cell Biology of Plants, CEITEC, Masaryk University, Faculty 
of Natural Sciences - Brno (Czech Republic), 3Institute of Science and 
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ABSTRACT 

Regeneration of vasculature after wounding is developmentally fascinating process 
that involves not only dedifferentiation of multiple cell types, but also leads to 
coordinated polarization of large number of cells to ultimately form functional strictly 
polarized vasculature effectively circumventing the wound. The classical canalization 
hypothesis proposes that the plant hormone auxin acts as polarizing signal that 
mediates positive feedback between auxin perception and its intercellular transport 
regulation. Using mechanically stimulated inflorescence stems of Arabidopsis thaliana 
we established an experimental system capable of vasculature regeneration after its 
mechanical interruption and vasculature formation from local external auxin source. 
For clear demonstration of new regenerated vasculature and impaired regeneration 
after wounding, we use Toluidine Blue solution to visualize chemical composition of 
the cell walls and provide information about the nature of cells. This gives a great 
opportunity to approach genetically still open questions on the auxin-mediated 
canalization hypothesis. 

It has been shown that directional auxin flow depends on the asymmetric, plasma 
membrane position of the auxin efflux facilitators, PIN proteins in transporting cells. 
The impact of auxin on the polar PIN1 positioning might be part of a mechanism for 
auxin-regulated canalization, possibly requiring local auxin accumulation that would 
trigger the transcription-based TIR1/AFBs pathway for both PIN expression and PIN 
polarity. TIR1/AFBs nuclear auxin receptors together with associated Aux/IAA 
repressors of the ARF transcription factors constitute a central mechanism in auxin 
signaling during plant development. Here, we critically examine the role of various 
auxin signaling and auxin transport components in canalization-mediated vascular 
tissue formation. 
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ABSTRACT 

Michelle Galleia, Jakub Hajnýa, Ken-ichiro Hayashib, Jiří Frimla 

aInstitute of Science and Technology Austria, Klosterneuburg, Austria 

bDepartment of Biochemistry, Okayama University of Science, Okayama 700-0005, 
Japan 

Structural Auxin Analogue PISA – a Novel Tool for Investigating Auxin 
Perception and Response 

The phytohormone auxin (indole-3-acetic acid (IAA)) coordinates many aspects of 
plant development, growth and physiology. Auxin is able to regulate the expression of 
hundreds of genes by binding to the auxin receptor TIR1 (transport inhibitor response 
1). Many studies suggest another auxin signaling pathway, which is transcription-
independent as some of the observed effects occur too fast to be transcriptional.  To 
obtain insight into the complex world of parallel auxin signaling mechanisms, we 
decided to use auxin analogues, which can still trigger auxin-like effects and potentially 
separate the individual perception mechanisms. One of these auxin-analogues is 
pinstatic acid (PISA), which has been shown to be unable to bind to TIR1. Therefore 
no auxin induced transcription can be observed, however some auxin-like effects are 
still present. Further PISA was shown to be a positive modulator of polar auxin 
transport which is a crucial process for many developmental aspects (Oochi et al., 
2019). In this study, components of the PISA-triggered auxin signaling are going to be 
identified by a forward genetic screen. 
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MOLECULAR AND STRUCTURAL BIOLOGY OF AUXIN RESPONSE FACTORS 

 

 

I. Crespo 1, D. Weijers 2, R. Boer 1 
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Biochemistry, Wageningen University & Research - Wageningen (Netherlands) 

 
 

ABSTRACT 

Auxin regulates numerous growth and developmental processes in plants by 
controlling gene expression via a family of functionally distinct DNA-binding auxin 
response factors (ARFs). ARFs act as transcription factors bound to auxin response 
DNA elements (AuxRE) in the promoters of auxin-regulated genes and confer 
specificity to auxin response through selection of target genes. Sequence alignments 
reveal that the degree of conservation in DNA-interacting residues is very high, so how 
the specificity to the auxin response is mediated by ARFs is still unknown. A possible 
explanation for specificity to gene expression can be the fact that ARFs recognize two 
AuxRE forming a dimer. The spacing between the AuxREs can highly affect the protein 
dimerization due to the displacement and rotation of the major groove of DNA. 
Changes in the spacing will force the ARF dimer to change the opening and tilt to 
accommodate different spacing, leading to an overall conformational change that could 
select the binding ARF. Here we present the latest structural results on the 
crystallographic analysis of ARFs from distinct evolutionary origins. Comparing these 
new structures with the ones already available give insights in how different ARFs can 
work distinctly despite sharing a high degree of conservation. 
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REGULATION OF PLANT ARCHITECTURE IN ARABIDOPSIS 
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ABSTRACT 

The SMXL family in Arabidopsishas eight members that are divided into three clades: 
SMXL6/7/8 are polyubiquitinated targets of the SL signaling pathway; SMAX1 and 
SMXL2 are likely targets of the KAR/KL signaling pathways; and SMXL3/4/5 lack a 
motif associated with MAX2-dependent degradation and are stable in the presence 
of rac-GR24. One major question is whether SMXL proteins have different functions in 
plant development because of their expression patterns or protein partners. Wallner et 
al., (2017) previously showed that SMAX1 can serve as a replacement for SMXL4/5 in 
root growth. We investigated whether SMXL7 can also replace SMXL4/5, and whether 
SMXL4/5 can substitute for SMAX1/2 or SMXL6/7/8. When SMAX1 and SMXL7 
expression is driven by the SMXL5 promoter they can complement smxl4,5. However, 
SMXL5 cannot complement the hypocotyl elongation phenotype of smax1 smxl2or the 
shoot branching phenotype of smxl6,7,8. This implies that there are functional 
differences between the three clades of proteins in addition to their different forms of 
regulation by MAX2. Nevertheless, all SMXL share an EAR motif. Loss of any two 
genes in SMXL3/4/5 clade causes hypersensitive root growth inhibition by rac-GR24. 
This hypersensitive response to rac-GR24 is MAX2-dependent. SMXL5 with a 
mutagenized EAR motif can partially rescue the root defect of smxl4,5, which is similar 
to the partial requirement for an EAR motif in SMXL7 function. Intriguingly, 
SMXL5DEAR cannot rescue the rac-GR24 hypersensitivity of smxl4,5. Our results 
highlight the functional diversity within SMXL protein family and raise the possibilitythat 
SMXL proteins work in heterocomplexes.  
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Colorado State University - Fort Collins, Co (United States) 

 
 

ABSTRACT 

Plant hormones are essential regulators of development and response to biotic and 
abiotic stresses. Activation of the plant immune system by pathogen attack often 
results in changes in plant growth, frequently leading to smaller plants with reduced 
seed set. Previously, we discovered that cytokinin (CK), a hormone known for its role 
in the regulation of cell division and plant growth, also has an important role in the 
activation of defense against pathogens, through a synergistic interaction with the 
defense hormone salicylic acid (SA). Here, we address whether these two plant 
hormones also regulate the negative effect of immune activation on plant growth. Gene 
expression and physiological assays were used to characterize the crosstalk between 
CK and SA in growth and defense in Arabidopsis plants with altered states of immunity 
resulting from mutations in CK and SA content and/or signaling. Further, we expanded 
the characterization of the effect of immunity activation on plant development to 
address changes in phyllotatic patterns and meristem organization. We show that the 
interaction between the plant hormones CK and SA regulates both defense responses 
to pathogens and plant development. Such hormonal interactions may form the basis 
of future efforts in synthetic biology to develop advanced crops with increased 
pathogen resistance and superior plant yield. 
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ABSTRACT 

Understanding how plants balance growth and stress responses is essential in 
optimizing crop yield in an ever-changing environment. Brassinosteroids (BRs) are key 
phytohormone regulators of plant growth and stress responses. BRASSINOSTEROID 
INSENSITIVE 2 (BIN2) is a GSK3-like kinase that plays a central role in regulating 
growth versus stress by functioning as a negative regulator of the BR pathway while 
promoting several stress responses. To uncover BIN2-dependent responses, we 
performed a series of molecular phenomics assays on wild-type, BIN2 gain-of-function 
(bin2-1D), and BIN2 loss-of-function (bin2-3 bil1 bil2: hereafter bin2-t) mutants. 
Transcriptome profiling revealed 1,119 and 1,129 transcripts differentially expressed 
in bin2-1D and bin2-t, respectively. Furthermore, we quantified the abundance of 
11,182 proteins and 24,556 phosphorylation sites, which enabled us to uncover 785 
(bin2-1D) and 1,749 (bin2-t) differentially expressed proteins as well as 745 (bin2-1D) 
and 1,840 (bin2-t) differentially phosphorylated sites. We are in the process of 
screening candidate genes and have discovered a number of novel genes with altered 
hypocotyl growth in response to BR. Additionally, we are using these data to build 
predictive regulatory networks describing BIN2-dependent signaling. Taken together, 
these data reveal exciting aspects of BIN2 signaling. 
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AUXIN AND ACIDIFICATION IN HYPOCOTYL ELONGATION IN ARABIDOPSIS. 

 

 

M. Gallemí 1, E. Benková 1 

IST Austria - Klosteneuburg (Austria) 

 
 

ABSTRACT 

Mechanisms for adaptation to a changing environment are essential for survival of the 
multicellular organisms, especially for sessile organisms like plants. Many of the plant 
organs adapt to the environment by growing or bending, mechanisms based on 
differential cell elongation. Plant cell growth occurs through a controlled expansion 
from the interplay between turgor pressure and cell wall elasticity and extensibility. 
Acidification of the extracellular matrix (ECM) is a suggested mechanism to induce 
hypocotyl growth by several hormones, like auxin. Although the role of auxin inducing 
acidification of the ECM is stablished, it is still not clear how much of the growth is 
depending on that process or in changes of cell wall remodeling enzymes. We aim to 
go deep on the cell elongation mechanism and on its auxin contribution by measuring 
ECM mechanical properties with Atomic Force Microcopy (AFM) and by combining 
genetic and chemical treatments. Our results pointed that acidification reduces the 
stiffness of the cell walls and that this process is both required and sufficient to trigger 
hypocotyl elongation. Latest results will be shown and discussed. 
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NEGATIVE REGULATOR OF SALINITY TOLERANCE 

 

 

Y.C. Tsai 1 
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ABSTRACT 

Cytokinin is involved in many plant growth and development processes. Several 
studies recently also connected the function of cytokinin signaling with abiotic stresses. 
Here we demonstrate the function of two highly identical type-A response regulators, 
OsRR9 and OsRR10, in response to rice salinity tolerance. The expression of OsRR9 
and OsRR10 are both induced by cytokinin and repressed by salinity stress in rice. 
Loss-of-function osrr9/osrr10 mutants have higher salinity tolerance at seedling stage 
than wild-type rice. Analysis of transcriptomic changes in reveal that multiple genes 
encoding ion transporters are elevated in response to salt in the mutants as compared 
to wild-type seedlings. These include high-affinity potassium transporters, such as 
OsHKT1;1, OsHKT1;3, and OsHKT2;1, which plays an important role in sodium and 
potassium homeostasis. In addition, disruption of OsRR9 and OsRR10 also affects the 
expression of multiple genes related to photosynthesis, transcription activity, and 
phytohormone signaling. Together, these results suggest that OsRR9 and OsRR10 
function as negative regulators in rice salinity tolerance. 
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ABSTRACT 

Plant gravitropism is the directional growth response to variation in orientation of the 
plant in the gravity field. It shapes plant architecture by regulating the growth angles 
that are maintained relative to gravity, known as gravitropic setpoint angles (GSA). In 
the root, gravity is detected in specialised statocyte cells in the root cap columella 
within which sedimenting, starch-rich plastids called statoliths give information on 
orientation within the gravity field. Via mechanisms that are not understood, statolith 
sedimentation triggers the repolarization of PIN efflux carriers. This results in the 
asymmetric redistribution of the phytohormone auxin between the upper and lower 
halves of the root, thereby regulating tropic growth and growth angle. In contrast to this 
clear role for auxin transport from the columella, there is no apparent requirement for 
transcriptional responses to auxin within columella statocytes as part of their function 
as gravity-sensing cells. Despite this, alteration of auxin signalling in the columella has 
a profound effect on lateral root GSA: columella-specific expression of stabilised 
versions of auxin-related Aux/IAAco-repressor proteins (pARL2::iaa28/pARL2::axr3-1) 
induces a more vertical lateral root GSA phenotype. In order to understand the 
molecular basis of this GSA response to alteration in auxin sensitivity in the columella, 
we are dissecting the regulatory relationship between auxin signalling and known 
regulators of GSA control, including PIN proteins and regulators of PIN activity or 
subcellular localisation, and the LAZY family of membrane-associatedproteins.  
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ABSTRACT 

Auxin is essential for almost every developmental process within plants. How a single 
small molecule can lead to a plethora of downstream responses has puzzled 
researchers for decades. It has been hypothesized that one source for such diversity 
is distinct promoter-binding and activation preferences for different members of the 
AUXIN RESPONSE FACTOR (ARF) family of transcription factors. We systematically 
tested this hypothesis by engineering varied promoter sequences in a heterologous 
yeast system and quantifying the transcription activity of ARF proteins derived from 
both Arabidopsis and maize. By harnessing the user-defined and scalable nature of 
our synthetic system, we elucidated promoter design rules for optimal ARF function, 
discovered novel ARF-responsive promoters, and characterized the impact of ARF 
dimerization on their activation potential. We found no evidence for specificity in ARF-
promoter interactions, suggesting that the diverse auxin responses observed in plants 
may be driven by factors outside the core auxin response machinery. 
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ABSTRACT 

The phytohormone abscisic acid (ABA) is one of the major determinant of seed 
dormancy in plants. Seed dormancy is gradually broken during dry storage in what is 
known as “after-ripening”, and this decay in dormancy is correlated with a decay in 
ABA content/sensitivity in seeds after imbibition. Here we aim to investigate the effect 
of after-ripening on ABA signaling in barley, and phosphosignaling networks in barley 
grains were investigated by a large-scale analysis of phosphoproteins. To examine 
potential changes in response pathways to after-ripening, we used freshly harvested 
(FH) and after-ripened (AR) barley grains which showed different ABA sensitivity, and 
in total 1,730 phosphopeptides were identified. Comparative analysis revealed that 
329 and 235 phosphopeptides were up- or down-regulated after ABA treatment, 
respectively, and phosphoproteomic profiles were quite different between FH and AR 
grains. These results were supported by peptide motif analysis which suggested that 
different sets of protein kinases are active in FH and AR grains. Furthermore, in vitro 
phosphorylation assays confirmed that some phosphopeptides were phosphorylated 
by SnRK2s, key components in ABA signaling. Taken together, our results revealed 
very distinctive phosphosignaling networks in FH and AR grains of barley, and 
suggested that the after-ripening of barley grains is associated with differential 
regulation of phosphosignaling pathways leading to a decay of ABA signaling. 
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ABSTRACT 

We study cell patterning events involved in plant vascular development, utilizing the 
Arabidopsis primary root as our model system. Earlier, we have shown that 
phytohormones cytokinin and auxin interactively specify vascular patterning during 
root development. To identify novel factors that may participate in the cytokinin and 
auxin signalling pathways, and modify vascular patterning, we perform genetic screens 
for mis-expression of specific markers in the Arabidopsis primary root. One such 
marker for vascular patterning is ARABIDOPSIS HISTIDINE PHOSPHOTRANSFER 
PROTEIN 6 (AHP6), a spatially specific inhibitor of cytokinin signalling that is also 
regulated by auxin (Mähönen et al. 2006). Based on this approach, we have recently 
identified two loci that are involved in RNA methylation. Here, we introduce a mutant 
initially distinguished by an expanded AHP6 expression domain in a cytokinin 
hyposensitive background. This novel mutant is also characterized by a distinct shoot 
developmental phenotype. Furthermore, the mutation can induce the production of a 
storage root -like structure in Arabidopsis, characteristic to some crop species (such 
as radish or turnip) of the Brassicaceae family. We study how the RNA modification 
affects cytokinin responsiveness and development in the Arabidopsis root and shoot.   
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ABSTRACT 

In limiting nitrogen conditions, legumes develop on their roots new organs termed 
nodules, in which soil bacteria collectively named Rhizobia find favorable conditions to 
fix atmospheric nitrogen for the benefit of the plant. Nodule organogenesis is initiated 
in the most inner cortical cortex cell layers of the root and requires plant hormones, 
especially cytokinins (CK; Gamas et al., 2017, Trends Plant Sci. 22:792-802). CK 
signaling relies on histidine kinase receptors (CHKs), whose binding with CK triggers 
a phosphotransfer cascade towards phosphorelay proteins (HPT) shuttling between 
the cytoplasm and nucleus, and finally to Type-B Response Regulators (RRBs). RRBs 
are transcription factors activating the expression of CK primary response genes, 
including the Type-A Response Regulators (RRAs), proposed to exert a negative 
feedback on CK signaling. In order to determine whether the nodulation capacity of the 
legume plant Medicago truncatula correlates with the evolution of specific CK signaling 
protein clades, a genome-wide identification of genes encoding CK signaling 
components was performed. By comparing with Vitis vinifera and A. thaliana non-
legume plants, a striking expansion of the RRB family was revealed. This expansion 
results from block and tandem gene duplications and led to the emergence of non-
canonical RRBs, either shorter or with a glutamate or an asparagine residue instead 
of the conserved phosphotransfer aspartate residue. A hierarchical clustering based 
on M. truncatula genome-wide gene expression data additionally allowed a core 
signaling module composed of MtCHK1/MtCRE1, MtHPT1, and MtRRB3 to be defined, 
which suggests their preferential involvement in the regulation of symbiotic nodulation. 
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ABSTRACT 

Plants have to adapt their growth and metabolism to external conditions by regulating 
cellular processes such as mRNA translation and energy/nutrient homeostasis. The 
Target of Rapamycin (TOR) kinase is an evolutionarily conserved and central 
regulatory element that integrates nutrient, energy and hormone signals to regulate 
growth and metabolism in yeast, animals and plants. The plant TOR complex 1 
(TORC1) contains the conserved proteins RAPTOR and LST8 and TORC1 activity is 
closely linked to auxin and ABA signaling. We observed that ABA concentrations 
decrease following TOR inhibition and that TORC1 mutants are hypersensitive to ABA. 
Consistently ABA biosynthesis mutants are partly resistant to TOR inhibitors. 

TORC1 mutants have a reduced growth rate. After mutagenesis, we isolated six 
suppressors lines of a lst8 mutant. Two suppressor lines carried mutations in the 
AtYAK1 gene encoding a member of the dual-specificity tyrosine phosphorylation-
regulated kinase (DYRK) family. Atyak1 mutations improved growth and partly rescued 
the developmental defects observed in lst8 mutants. They also conferred resistance to 
AZD8055, a specific TOR inhibitor. Moreover, atyak1 mutations suppressed the 
transcriptomic and metabolic perturbations as well as the ABA hypersensitivity of the 
lst8 mutants. This suggests that the phenotypic consequences of TOR inhibition can 
be partly ascribed to increased ABA sensitivity. Finally, hypocotyl elongation was found 
to be inhibited in lst8 mutants but could be restored by mutations in the YAK1 kinase. 

In conclusion, the TOR kinase is an important sensor and regulatory component in 
plants that is required for growth and hormonal responses. 
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ABSTRACT 

Ethylene and its precursor, 1-aminocyclopropane-1-carboxylic acid (ACC), inhibit 
primary root elongation and lateral root formation, while root hairs initiation is 
increased. The effects of ACC are lost in the ethylene insensitive mutants etr1-3 and 
ein2-5, consistent with ACC acting via its conversion to ethylene. We used gain-of-
function and loss-of-function mutants in the five ethylene receptors to identify the 
receptors that function in ethylene’s modulation of root architecture and find that these 
developmental processes are largely controlled by ETR1. Neither the effects of ACC 
nor ethylene on root hair formation are completely abolished in a double mutant in two 
ethylene transcription factors (TFs) ein3/eil1. This finding is consistent with EIN3/EIL1-
independent developmental and transcriptional changes in light grown roots. We 
performed a transcriptomic analysis with high temporal resolution in roots from light 
grown seedlings using 8 time points spanning the first 24 hours of ACC treatment and 
overlaid these on time matched developmental changes, revealing 449 reproducibly 
regulated transcripts including 26 that encode TFs. Only a subset of these clusters of 
ethylene-responsive transcripts were enriched in targets of EIN3, supporting the role 
of other TFs in root ethylene responses. Analysis of insertion mutants in these 
ethylene-regulated TF encoding genes reveal additional TFs that control ethylene 
response. The changes in transcript abundance were also compared to all published 
transcriptomic data sets performed with roots and seedlings treated with ACC or 
ethylene and substantial similarities were revealed, but this comparison also 
uncovered light and tissue dependent ethylene responses. (Supported by NSF-MCB 
1716279). 
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ABSTRACT 

During the gravitropic response, a primary root disturbed from its vertical orientation 
will grow asymmetrically until it returns to the starting orientation. This response is 
mediated by redistribution of auxin to the lower side of the root, where it inhibits growth. 
Auxin has been reported to increase ROS synthesis and this project asks if ROS are 
downstream of auxin redistribution during the gravitropic response. To elucidate the 
role of ROS in gravity response in Arabidopsis thaliana, we measured the gravity 
response kinetics of mutants in the Respiratory Burst Oxidase Homolog (RBOH) 
family, which exhibit hormone-dependent ROS synthesis. The rbohd mutant had 
impaired gravity response, while rbohc and rbohf did not. Additionally, using the H2O2 
sensor Peroxyorange1 (PO1), we detected an increase in ROS levels on the lower 
side of the lateral root cap which peaked 30 minutes after reorientation in Col-0, where 
cell-type specific microarray data suggests RBOHD is expressed. The increase in PO1 
fluorescence on the lower side was abolished in reoriented rbohd roots, suggesting 
that the ROS accumulation is mediated by RBOHD. To determine the stage of the 
gravitropic response during which asymmetric ROS signaling occurs, we blocked auxin 
transport in reorienting roots using naphthylphthalamic acid (NPA), which abolished 
ROS asymmetry in the lateral root cap after gravistimulation. These results suggest 
increased auxin transport to the lower side of the root activates RBOHD mediated ROS 
synthesis to facilitate asymmetric growth during gravity response. (Supported by NSF 
Grant 15-58046). 
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ABSTRACT 

In the canonical model of auxin signalling, transcription factors known as Auxin 
Response Factors (ARFs) are bound by AUX/IAA repressors in the absence of auxin, 
preventing the modulation of auxin responsive genes. When the concentration of auxin 
rises, AUX/IAA repressors interact with TIR1/AFB auxin receptor complexes and are 
subsequently ubiquitinated and degraded, allowing ARFs to regulate gene expression. 
Auxin sensitivity in this system is conveyed through the binding of AUX/IAA repressors 
to ARFs in the absence of auxin, however, many ARFs have a limited capacity to 
interact with these repressors, and an atypical ARF known as ETTIN (ETT) lacks the 
C-terminal PB1 domain required for this interaction. ETT interacts with a wide range of 
transcription factors and chromatin modifying proteins in an auxin sensitive manner, 
and it has recently been shown that ETT target genes are upregulated in response to 
auxin independently of the canonical pathway. Auxin homeostasis is tightly regulated 
throughout plant growth and development, and so crosstalk between the canonical and 
ETT-mediated auxin signalling pathways is likely, although no mechanisms have been 
established to date. ARFs are modular transcription factors containing an N-terminal 
DNA Binding Domain (DBD), flanked by two Dimerization Domains (DDs) which allow 
ARF homodimerization and the binding of Auxin Responsive Elements in the 
promoters of downstream targets. The DBD and DDs are highly conserved even 
between divergent ARFs. Here we present data to support the hypothesis that 
crosstalk occurs between the canonical and ETT-mediated auxin signalling pathways 
through ETT: ARF heterodimerization via the DBD. 
 
Heather Bland 
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ABSTRACT 

Smoke-derived compound, karrikin (KAR) and endogenous, as yet unidentified, KAI2 
ligand (KL) are newly emerging chemical cues for higher plants, impacting various 
aspects of growth and development. While there has been considerable work done to 
determine how strigolactones regulate SMXLs, less is known about how KARs regulate 
them. Here we show that KAI2 can physically interact with SMAX1 protein in the 
presence of rac-GR24. Although SMAX1:GFP transgene rescues the smax1 mutation 
in smax1 max2 double mutants, we were unable to detect the protein. In 
contrast, SMAX1pro:SMAX1d53-GFP fusion could be clearly detected perhaps due to 
stabilizing effect of the putative P-loop deletion on SMAX1. Consistent with our inability 
to detect SMAX1 in vivo, an in vitro protein degradation assay revealed that 
recombinant SMAX1 is degraded in a proteasome dependent manner, but KAI2 and 
MAX2 are dispensable. Next, using fluorescence based ratiometric vectors, we 
demonstrate that SMAX1 is degraded in a time and dose dependent manner in 
response to KARs in tobacco epidermal cells. To further investigate the role of SMAX1 
in KAR signaling, SMAX1 deletion variants were made to identify a “degron” domain(s). 
Our results demonstrate that the C-terminal region is necessary and sufficient for both 
ligand-induced degradation and for interaction with the receptor. C-terminus 
SMAX1aa593-990 is more abundant than wild-type SMAX1, and exogenous application 
of rac-GR24 results in its degradation in a KAI2 and MAX2 dependent manner, in vivo 
in Arabidopsis. Collectively, these findings substantially advance our knowledge of 
SMAX1 as a negative regulator of the karrikin signaling pathway. 
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ABSTRACT 

Smoke derived karrikins have recently been shown to induce germination and inhibit 
hypocotyl elongation in Arabidopsis. These observations might suggest a connection 
of the karrikin signaling pathway with the light signaling pathway which includes the 
same responses. The close connection of these two pathways is evident by the altered 
light responsiveness of the karrikin signaling mutants kai2 and smax1smxl2. In addition 
the central regulator of light signaling HY5 is required for karrikin dependent inhibition 
of hypocotyl elongation. 

In our work we aim to study the molecular mechanisms how these two signaling 
pathways are interconnected focusing on HY5-interacting BBX proteins from structural 
group IV, known to be important in light signaling. BBX proteins are a family of Zn 
finger transcription factors with 32 members in Arabidopsis, structurally classified in 
five groups. The HY5-interacting BBX proteins from structural group IV are 
characterized as positive (BBX20 – BBX23) or negative (BBX24 – BBX25) regulators 
of photomorphogenesis. 

We show that two B-box proteins act largely redundantly as major regulators of the 
karrikin induced inhibition of hypocotyl elongation. Furthermore, analysis of higher 
order mutants suggests that the B-box proteins genetically act downstream of SMAX1 
and SMXL2. To define a point of convergence of the karrikin and the light signaling 
pathway we analyse transcript levels of differentially regulated genes of these two 
pathways in the higher order mutants and provide an extended model of the 
interactions between light and karrikin signaling. 
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ABSTRACT 

Plants depend on the signaling of the phytohormone auxin for their development and 
for responding to environmental perturbations. The associated biomolecular signaling 
network involves a negative feedback at the level of the Aux/IAA proteins which 
mediate the influence of auxin (the signal) on the ARF transcription factors (the drivers 
of the response). To probe the role of this feedback, we consider alternative in silico 
signaling networks implementing different operating principles. By a comparative 
analysis, we find that the presence of a negative regulatory feedback loop allows the 
system to have a far larger sensitivity in its dynamical response to auxin. At the same 
time, this sensitivity does not prevent the system from being highly resilient. Given this 
insight, we reconsider previously published models and build a new quantitative and 
calibrated biomolecular model of auxin signaling. 
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ABSTRACT 

Intercellular communication is extremely important for the balanced plant development 
and it is implemented by means of different molecular mechanisms. For instance, CLE 
(CLAVATA3/ESR) - WOX (WUSCHEL-RELATED HOMEOBOX) feedback loops are 
central regulatory pathways that coordinate stem cell proliferation and differentiation in 
shoot and root apical meristems (SAM and RAM, respectively) and vascular cambium. 
In these signaling pathways, CLE peptide hormones act as ligands for receptor-like 
kinases (RLK), which transmit signals into the cell. Among the RLKs, CLAVATA1 in 
SAM and TDR in cambium play key roles in controlling the expression levels of WOX 
genes and thus controlling the stem cells activity. A potato tuber development depends 
on the activity of different meristems, such as SAM and cambium. We speculate that 
TDR and CLV1 may be involved in the initiation and further growth of the stem tubers 
of Solanum tuberosum L. We identified 17 genes of RLK which presumably participate 
in the tuber development. Among them, we found two TDR genes (StTDR1, StTDR2) 
and one CLV1 gene (StCLV1). The phylogenetic analysis showed that StCLV1 and 
homologous receptors from other species form separate group. The same is true for 
AtTDR, StTDR1, and StTDR2. To detect the localization of TDR and CLV1 receptors 
in tuber tissues we constructed vectors containing analyzed genes fused with GFP 
reporter and carried out plant transformation. In addition, we analyzed the expression 
levels of these RLK genes in different parts of potato tuber. 

The project is supported by RFFS grant № 18-34-00020. 
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ABSTRACT 

Cytochromes P450 (CYPs) are a family of heme-containing monooxygenases, which 
are involved in the metabolic processes of plant hormones and secondary metabolites 
in plants. The plant-specific CYP78A subfamily is widely conserved in land plants, but 
its enzymatic function has been unclarified. Previous studies have shown that the 
Arabidopsis cyp78a5/kluh and rice cyp78a11/plastochron1 (pla1) mutants have 
shorter plastochron and produce more leaves in a certain period in comparison with 
wild-type plants. From these observations, it has been suggested that CYP78As may 
have a role in the biosynthesis or metabolism of a novel hormone-like molecule that 
controls cell proliferation. However, little has been known how CYP78As regulate these 
developmental and cellular processes. In this study, we performed a transcriptome 
analysis to elucidate the regulatory mechanism of the CYP78A subfamily using the 
pla1 mutant of rice. To obtain the genes directly regulated by PLA1, we used laser 
microdissection to isolate the shoot apex tissue, where PLA1 is strongly expressed, 
and the isolated mRNA was subjected to RNAseq analysis. As a result, we obtained 
503 and 319 genes whose expression levels were significantly increased and 
decreased more than 2-fold in pla1 mutant compared to wild type, respectively. These 
genes will be useful for better understanding of the molecular events downstream of 
the CYP78A subfamily. 
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ABSTRACT 

The phytohormone auxin regulates a number of plant developmental and 
environmental response processes. Auxin regulates these responses through a well-
studied transcriptional regulation system. The AUXIN RESPONSE FACTOR (ARF) 
gene family encodes transcriptional regulators that are the core of the auxin signaling 
response. The ARFs interact with transcriptional repressors, Aux/IAAs, that inhibit 
transcription of auxin responsive genes. Auxin promotes the degradation of the 
Aux/IAAs, resulting in increased transcription of auxin responsive genes. The 
mechanisms of Aux/IAA protein regulation have been well studied, however little work 
has been done to understand how the ARFs themselves are post-translationally 
regulated. Here we show that ARF protein levels are mediated in part by the 26S 
proteasome in Arabidopsis thaliana, but the factors that regulate ARF protein 
abundance are unknown. To address this, we have undertaken a forward genetic 
screen in A. thaliana transgenic lines expressing tagged ARF19 under a constitutive 
promoter to identify mutants with altered ARF19 protein accumulation. Our mutant 
lines show increased ARF19 abundance compared to the parental transgenic line and 
some show altered root growth phenotypes. These results suggest that post-
transcriptional regulation of ARF19 is important for root growth. We will ultimately 
determine the causal mutations underlying the different ARF protein accumulation lines 
using whole genome sequencing approaches. 
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ABSTRACT 

Phytohormone auxin regulates virtually every developmental process. Auxin 
responses are implemented via activation/inhibition of ARFs (Auxin Response Factors) 
transcription factors (TFs). ARFs known to bind TGTC-containing AuxREs (auxin 
response cis-regulatory elements). However, the signalling beyond ARF-dependent 
response in largely unknown.Meta-analysis of  all available auxin-induced 
transcriptome datasets was performed to search for simple and bipartite elements 
enriched in promoters of Arabidopsis auxin-responsive genes. A set of cis-regulatory 
elements associated with auxin up- and down-regulation in early or late response was 
identified. Interestingly, instead of TGTC-containing elements the most highly 
overrepresented ones were bHLH- and bZIP- binding motifs and a set of AT-rich 
elements (Cherenkov, Novikova et al., 2018). For 40 genes driven by the regulatory 
regions with predicted bipartite elements auxin-inducibility was supported by RT-
qPCR. Functionality of several predicted bipartite cis-elements was confirmed by 
mutagenesis in promoters of five genes. For three of these bipartite elements we 
experimentally identified interactions with TFs and tested interactions of the latters with 
ARF proteins. 

Thus, diversity of simple and bipartite AuxREs was described in detail. For half of 
potential cis-elements connection with auxin transcriptional regulation was shown first 
time. Moreover, predictions were tested experimentally and mechanism upstream 
three cis-elements was investigated. 

References 
Cherenkov P., Novikova D., Omelyanchuk N., Levitsky V., Grosse I., Weijers D. and 
Mironova V. 2018. Diversity of cis-regulatory elements associated with auxin response 
in Arabidopsis thaliana. Journal of Experimental Botany, 2018Jan4;69(2):329-339. 
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ABSTRACT 

The type-B response regulators (RRs) are transcription factors that mediate the initial 
response of plants to cytokinin. Functional analysis of the type-B RRs has been 
primarily performed in the dicot Arabidopsis, and we are only beginning to understand 
their roles in monocots such as rice and other cereals of agronomic importance. Here, 
we employ a CRISPR/Cas9 gene editing approach to target the four most abundant 
type-B RRs of rice. Results from the analysis of single rr mutants as well as higher-
order rr21/22/23 mutant lines reveal functional overlap as well as subfunctionalization 
within members of the gene family. Mutant phenotypes associated with decreased 
activity of rice type-B RRs include effects on leaf and root growth, inflorescence 
architecture, flower development and fertilization, trichome formation, and cytokinin 
sensitivity. Novel as well as conserved roles for type-B RRs in the growth and 
development of a monocot as compared to dicots were identified. For example, we find 
that the type-B RRs play a critical role in the development of the rice stigma brush, a 
multicellular, branching, trichome-based structure that aids in pollen capture. Due to 
gene conservation among the cereals, the roles for the type-B RRs elucidated in rice 
have implications for other cereal crops such as maize and wheat. 
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ABSTRACT 

Auxin is a key signal for plant growth and development that regulates a myriad of 
processes in both the root and shoot meristems. One central question in auxin biology 
is how one molecule can regulate so many downstream processes. Clearly, this is 
controlled in part through asymmetry in the distribution of the hormone itself, but there 
is increasing evidence that tissue specificity in components of the signalling pathways 
can guide tissue specific responses. In this collaborative project between Nottingham 
and Lyon, we have investigated the tissue-specific expression patterns of the five 
activationg ARFs and determined how their expression patterns are set. 

We have used high-throughput yeast one-hybrid (Y1H) approach to identify 
transcriptional regulators binding to the promoters of the five ARF activator genes from 
Arabidopsis thaliana. We show that each ARF activator is mostly controlled by specific 
sets of transcriptional regulators. Transient transformation assays and expression 
analyses in mutants suggest that the majority of these regulators act as repressors of 
ARF transcription in planta.  Furthermore, analysis of chromatin modifications and 
accessibility indicates that loci encoding activator ARFs have a constitutive activation 
capacity. Taken together these observations support a scenario whereby a default 
chromatin accessibility configuration enables a network of repressors to shape ARF 
activator expression patterns to regulate auxin signaling capacities throughout 
development. 
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ABSTRACT 

Auxin plays pivotal roles in almost all stages of the plant life cycle, from organogenesis 
to reproduction as well as environmental responses. Binding of auxin to its co-receptor 
complex leads to the degradation of Aux/IAA transcriptional coregulators, resulting in 
the release of the AUXIN RESPONSE FACTOR (ARF) family of transcription factors, 
which can control hundreds to thousands of genes through binding to cis-regulatory 
sequences so-called auxin response elements (AuxREs). Although it has been 
believed that the binding affinities between ARFs and sequence motifs on the genome 
determine cellular auxin responses, the biochemical bases of ARF-target interactions 
remain elusive.  
Here we present the recently solved structure of an ARF dimer interacting high-affinity 
motifs and explain determinants of the binding affinity. We also discuss the preference 
of ARFs for composite AuxREs, especially inverted repeat motifs. We found a bipartite 
motif pivotal in the regulation of an auxin-responsive gene which determines vascular 
patterning in Arabidopsis. Furthermore, our meta-analysis detected genome-wide 
associations between the presence of a pair motif separated by a spacer of a specific 
length in a regulatory region and the auxin responsiveness of the gene. These results 
provide some evidence of the cooperative action of adjacent motifs in ARF-operated 
genetic switches and of the predictability of auxin responsiveness of genes.  
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ABSTRACT 

Strigolactones represent a unique class of plant hormones that act as endogenous 
compounds but also as signaling molecules in the rhizosphere. In Arabidopsis, the 
responses to strigolactones require the F-box protein MAX2 and the α/β-hydrolase 
D14. Perception of strigolactones by D14 triggers MAX2-mediated degradation of the 
target proteins activating physiological responses. Recently, members of SMAX1-like 
protein family, SMXL6,7,8 were shown to be interactors of MAX2 and D14 regulating 
shoot branching and root architecture. Although over the past years strigolactone 
pathway has been extensively studied, many gaps still exist in our understanding of 
the downstream targets and also of the mechanisms that control this signaling. Here, 
we focus on the identification of novel interaction partners of one of the core 
components, SMXL7 in Arabidopsis thaliana cell cultures by means of tandem affinity 
purification (TAP). To analyze TAP experiments two different approaches have been 
applied, qualitative and quantitative. First one allows for the identification of static 
interactors while the later one detects changes in the protein complexes formed around 
the bait in the presence and absence of strigolactone analog. Interactions with the 
novel putative preys was further validated and the mutant analysis was performed to 
confirm their involvement in strigolactone pathway. Progress on this research will be 
discussed. 
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ABSTRACT 

The alpha-beta hydrolase KARRIKIN INSENSITIVE 2 (KAI2) is the receptor of 
karrikins, compounds found in the smoke of burning vegetation that are presumed to 
mimic endogenous signalling molecules called karrikin-likes (KLs). Karrikin perception 
is closely related to that of strigolactones (SLs), a group of plant hormones that play 
important roles in controlling plant development and are perceived by the related 
alpha-beta hydrolase receptor DWARF14 (D14). Both karrikin and SL signalling 
require the F-box protein MAX2. In Arabidopsis thaliana roots, SLs have been 
implicated in promoting root hair growth. However, the use of max2 and the 
commercial strigolactone analogue rac-GR24, which activates both SL and KL 
signalling, have created interpretational problems for defining the exact role of SL 
and/or KL in root hair development. Here we show that KL signalling, but not SL 
signalling, regulates root hair density and root hair length. We further show that the 
members of the SMXL protein family, SMAX1 and SMXL2, act downstream of KAI2-
MAX2 in regulating root hair development. Finally, we reveal that perturbed auxin 
distribution in the root system of kai2 mutants is the likely cause of reduced root hair 
development. 
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ABSTRACT 

As soon as a seed germinates, plant growth relates to gravity to ensure that the root 
penetrates the soil and the shoot expands aerially. Mechanisms of positive and 
negative orthogravitropism of primary roots and shoots are relatively well understood. 
In contrast, lateral organs show more complex growth behavior, which largely remains 
enigmatic. Root growth towards gravity is an important trait that ensures sessile plants 
to anchor and to cover the soil. Lateral roots (LRs) are important to increase the root 
soil surface and allow for radial expansion of the root system (plagiotropism). For such 
a radial exploration of the substrate, LRs seemingly suppress positive gravitropic 
growth and show a defined gravitropic set-point angle (GSA) (Ruiz Rosquete et al., 
2013). Using organ specific transcriptomic profiling, we reveal that primary and 
secondary root organs distinctly express a large set of genes. Here we show that 
cytokinin signaling functions as a lateral root specific anti-gravitropic component, 
promoting the radial distribution of the root system. We quantitatively determined GSA 
of emerged lateral roots in naturally occurring Arabidopsis accession lines and have 
used genome-wide association (GWA) techniques to reveal novel molecular 
components involved in GSA determination. Based on this genetic screen, we provide 
molecular evidence that cytokinin metabolism plays an important role in the GSA 
establishment in lateral roots. Our interdisciplinary approach revealed that two 
phytohormonal cues at opposite organ flanks counterbalance each other’s negative 
impact on growth, suppressing organ growth towards gravity and allow for radial 
expansion of the root system. 
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ABSTRACT 

DELLA proteins are transcriptional regulators which have been shown to modulate the 
activity of over 150 transcription factors (TF) in Arabidopsis, involved in multiple 
physiological and developmental processes. DELLAs are proposed to transduce 
environmental information into pre-existing transcriptional circuits because their 
stability is regulated by gibberellins (GAs), whose homeostasis largely depends on 
environmental cues. The ability of GAs to promote DELLA degradation has been 
associated to the emergence of vascular plants. However, DELLA proteins are present 
also in early-diverging land plants, indicating that some of their functions might predate 
GA signaling. Previous in silico network analysis is suggestive of gradual acquisition, 
since DELLA emergence increased the connectivity between putative targets, and it 
was further increased when they became GA signaling elements. To investigate 
whether ancestral DELLA proteins act as transcriptional hubs, or this feature was 
gradually acquired during land plant evolution, we have analyzed DELLA structure and 
performed targeted DELLA-TF interactome studies in several species, combined with 
complementation analyses in dellaKO mutants. Our results indicate that DELLA’s 
interactome was established early during land plant evolution, given that most of 
DELLA-TF interactions are conserved, while some particular interactions may have 
appeared and evolved by different protein-protein interaction co-evolutionary 
mechanisms. In summary, we propose that DELLA proteins already behaved as hubs 
in transcriptional networks in the ancestor of all land plants, while the strict 
conservation until present time provides a measure of the high biological relevance of 
DELLA’s molecular promiscuity for plant survival. 
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ABSTRACT 

The steroid hormone brassinosteroid (BR) regulates a wide range of physiological 
responses through activation of Brassinazole Resistant 1 (BZR1). BZR1 activity in 
plant tissues is tightly controlled by its phosphorylation status and degradation. 
Although BZR1 appeared to be degraded in distinct ways under differential hormonal 
or environmental cues, little is known how BR signaling regulates BZR1 degradation. 
Here we show that BR-regulated PUB40 mediates proteasomal degradation of BZR1 
in a root-specific manner. Notably, the bzr1-1D gain-of-function mutation reduces the 
interaction with PUB40, which suppresses PUB40-mediated BZR1 degradation in the 
roots. Moreover, we demonstrate that cell layer-specific expression of PUB40 in the 
root tip contributes to induce selective BZR1 accumulation in the epidermal layer. Both 
BR treatment and PUB40 loss-of-function expanded BZR1 accumulation to most of the 
cell-layers. The triple mutant for PUB40 and its homologs, pub39 pub40 pub41, 
displayed significantly increased BR sensitivity in roots but not hypocotyls. In addition, 
resistance to low inorganic phosphate availability shown in the bzr1-1D mutant was 
also observed in the triple mutant roots. We demonstrate that BIN2 interacts with and 
phosphorylates PUB40, leading to elevated interaction with BZR1 as well as PUB40 
stability. Our results suggest a molecular mechanism of root-specific BZR1 
degradation regulated by BR signaling. 
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ABSTRACT 

Flowering is a most important decision in plant life cycles. The transition of flowering 
is controlled by a complex network of flowering genetic pathways that integrate 
environmental stimuli and the developmental state of the plant. In Arabidopsis thaliana, 
some flowering pathways which are including autonomous, photoperiod, vernalization, 
thermosensory and gibberellin (GA) are well known. GA pathway is especially 
important under short day (SD) condition, because ga1-3, a GA deficient mutant are 
moderately late flowering under LD, but do not flower under SD condition. But the 
molecular mechanism of GA flowering pathway is still not clear. DELLA proteins are 
major regulators in GA signaling, which are rapidly degraded in response to GA. 
Recently, we identified a DELLA binding transcription factor, designated GAI-
ASSOCIATED FACTOR1 (GAF1). GAF1 also interacts with corepressor TOPLESS 
RELATED (TPR). DELLAs and TPR act as coactivator and corepressor of GAF1, 
respectively. GA converts the GAF1 complex from transcriptional activator to repressor 
via the degradation of DELLAs. The GAF1 overexpressor exhibits early flowering 
phenotype. In contrast,  gaf1 gaf2 mutant exhibits late flowering phenotype. These 
data indicate that target genes of GAF1 involved in flowering. We have searched novel 
target genes of DELLA-GAF1 complex which are involved in flowering. 
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ABSTRACT 

In the past three decades, tremendous advances have been made in elucidating the 
ethylene-signaling pathway. However, several underlying mechanisms of ethylene 
signal transduction remain unknown. In particular, the molecular functions of 
ETHYLENE INSENSITIVE2 (EIN2), a central positive regulator in the ethylene-
signaling pathway, are just beginning to be uncovered. Recent findings in Arabidopsis 
thaliana have shown that the C-terminal domain of EIN2 is regulated by 
phosphorylation and cleaved from the N-terminal domain in the presence of ethylene 
to control downstream signaling. The function of the EIN2 N-terminal domain, however, 
has remained a mystery. The N-terminal domain localizes to the endoplasmic reticulum 
(ER) membrane and has sequence similarity to Nramp metal ion transporters that are 
known to transport Fe2+ and Mn2+, but whether EIN2 transports a metal has been 
elusive. Here, we present evidence that the N-terminal domain is capable of 
transporting Ca2+ across the ER membrane, possibly as a proton-coupled antiporter, 
based on transport assays involving expression of the Arabidopsis EIN2 Nramp-like 
domain in yeast and mammalian cells together with reporters, such as the FRET-based 
Ca2+ sensor (yellow cameleon YC3.6) and a pH-sensitive GFP (pHluorin2). 
Interestingly, EIN2 is the only known Nramp-like protein with the ability to transport 
Ca2+. Importantly, we find that ethylene insensitivity is correlated with inhibition of Ca2+ 
transport by ein2 missense alleles that encode amino acid substitutions in the 
Arabidopsis EIN2 N-terminal domain. We therefore conclude that Ca2+ transport by 
EIN2 is required for ethylene signaling, possibly influencing EIN2 phosphorylation 
status or cleavage. 
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ABSTRACT 

Members of the CLE (CLV3/ESR) family peptide hormones play crucial roles in the 
regulation of various types of meristems, including shoot and root apical meristems as 
well as pro-/cambium. Moreover, several CLE peptides control nodule symbiosis in 
response to nitrogen availability in the soil. Another class of signaling molecules is C-
terminally Encoded Peptide (CEP) family that transmits the signal triggered by N-
starvation. Potato is the most important non-cereal crop in the world, but little is known 
about the mechanism of potato tuber development. Tuberization of potato depends on 
the activity of different meristems, as well as on the amount of nitrogen, so we assume 
that CLE and CEP peptides participate in tuber development. We analyzed phylogeny, 
gene structures and chromosome locations of 22 StCLE and 5 StCEP genes from 
potato (Solanum tuberosum). Real-time PCR analysis showed that expression of 
StCLE8 and StCLE12 changed after initiation of tuber development. In addition, we 
found cortex-, pith- and perimedullary region-specific expression of some StCLEs. We 
also conducted real-time PCR analysis of StCLE and StCEP genes in roots of potato 
plants grown with various N- supplies and we found a significantly higher accumulation 
of StCLE24, StCLE10 transcripts under N- rich conditions. Opposite to StCLEs, 
expression levels of StCEP3-1 and StCEP3-2 increase under N-limited conditions. We 
assume that CLE and CEP peptides encoded by these genes regulate tuber 
development. 

This work was supported by grants of Russian Foundation for Basic Researches 18-
34-00020 and 19-016-00177. 
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ABSTRACT 

Protein degradation by the ubiquitin-26S proteasome pathway regulates many cellular 
processes, but the function of most F-box proteins is unknown. We describe the 
analysis of the gene Cytokinin-induced F-box encoding (CFB, AT3G44326), identified 
in a meta-analysis of cytokinin-related transcriptome studies as one of the most robust 
cytokinin-responsive genes. F-box domain-dependent interaction with the E3 ubiquitin 
ligase complex component ASK1 classifies CFB as a functional F-box protein. Apart 
from F-box and transmembrane domains, CFB contains no known domains. CFB is 
expressed in all plant tissues, predominantly in root tissue. A ProCFB:GFP-GUS fusion 
gene showed strongest expression in the lateral root cap and during lateral root 
formation. CFB-GFP fusion proteins were mainly localized in the nucleus and the 
cytosol but also at the plasma membrane. cfb mutants resembled wild-type, but CFB 
overexpressing plants showed several defects, such as a white upper inflorescence 
stem, similar to the mutant line cas1-1, a hypomorphic mutant of the CAS1 gene 
encoding CYCLOARTENOL SYNTHASE 1, a key enzyme in plant sterol biosynthesis. 
CAS1 is the only enzyme in Arabidopsis known to catalyze the reaction from 2,3-
oxidosqualene to cycloartenol, the biosynthetic substrate of most plant sterols. Both 
CFB overexpressing plants and cas1-1 mutants accumulated the CAS1 substrate 2,3-
oxidosqualene in the white stem tissue. Yeast two-hybrid studies indicated that CFB 
and CAS1 may interact, and cytokinin treatment of cas1-1 mutant plants further 
increased 2,3-oxidosqualene levels in the white stem tissue. Thus, CFB may link 
cytokinin signaling with the sterol biosynthesis pathway in a negative regulatory 
manner. 
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ABSTRACT 

Brassinosteroid (BR) is a family of bioactive steroid hormone and play key roles in 
plant growth and development. BR regulation of plant growth and architecture is well 
studied. So far there is less investigations of BR regulation of plant reproductive 
development because it is difficult to exclude the non-specific regulation and 
secondary response from bad vegetative development and poor nutrition. It would be 
much helpful to establish a method to modulate BR signal only in reproductive organs 
or reproductive stages. Besides research issue, BR application in agriculture is also 
limited because of side-effect. For example, BR positive regulates rice reproductive 
development and increases grain yield but has side-effect of suppressing planting 
density and lodging resistance. It is difficult to separately regulate BR signal in 
vegetative and reproductive organs. And overall increasing BR signal would lead to 
feedback inhibition. In this study, we establish systems modulating BR signal in 
reproductive and vegetative development separately. These systems comprises with 
different combinations of reproductive specific promoter, coding sequences increasing 
or decreasing BR signal, and different plants with enhanced or reduced BR signal. The 
enhanced BR signal by these systems was targeted to reproductive organs without 
affecting vegetative organs, which could be used in the study of BR specific regulation 
of plant reproductive development, and also potential applied to optimize seed yield.  
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ABSTRACT 

Hormone signaling in rooting: From wounding to cell fate transition  

Wu Liu, Guifang Zhang, Jie Liu, Lin Xu 

Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences, Shanghai, China 

De novo root organogenesis is a type of plant regeneration for survival after wounding. 
We established a simple method to study de novo root organogenesis by culturing 
Arabidopsis leaf explants on B5 medium without added hormones to regenerate 
adventitious roots. Wounding is the first event after detachment of leaf explants. 
However, the exact wounding signaling pathway involved in this process is not fully 
understood yet. In the study, we report that the Jasmonate signaling act as a priming 
signal in the rooting in the detached leaves. Wound signal spreads rapidly from the 
wounded site to mesophyll cells and activates auxin biogenesis in mesophyll cells. 
Auxin is then polar-transported to regeneration-competent cells (i.e. procambium and 
vascular parenchyma cells) in the vasculature near the wound site. Auxin accumulation 
in regeneration-competent cells activates WOX11 and WOX12, and this triggers the 
first step of cell fate transition from regeneration-competent cells to root founder cells. 
WOX11 and WOX12 directly activate WOX5, WOX7 and LBD16 for the second step 
of cell fate transition from root founder cells to root primordium. Overall, wound 
signaling (Jasmonate signaling), auxin behavior and cell fate transition are 
successively involved in de novo regeneration of adventitious roots from leaf explants.  
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ABSTRACT 

Several studies have shown that reduced gibberellin (GA) activity promotes plant 
tolerance to water-deficit stress. We found that drought suppresses the expression of 
GA20oxidase genes in tomato leaves, suggesting inhibition of GA biosynthesis. 
Reduced level of GA leads to the accumulation of the general growth suppressor, the 
DELLA proteins. Transgenic tomato plants over expressing non-degradable DELLA 
protein, pro∆17, exhibited increased tolerance to water-deficit stress. These plants 
maintained higher leaf relative water content (RWC) under water-deficit conditions, due 
to reduced whole-plant transpiration. DELLA loss-of-function tomato mutant (pro) 
exhibited increased transpiration rate and reduced tolerance to drought. 
Overexpressing pro∆17 under the regulation of epidermal (ML1) or guard cell (KST1) 
specific promoters was sufficient to increase leaf RWC under water-deficit conditions. 
We found that DELLA activity in guard cells promotes stomatal closure in both irrigated 
and drought-exposed plants. The effect of DELLA on stomatal closure was completely 
suppressed in the ABA-deficient sit mutant, suggesting that it is an ABA-dependent 
process. Our results show that DELLA increases guard-cell sensitivity to ABA. Since 
DELLA acts as transcriptional regulator, we performed RNA-seq analysis on RNA 
extracted from isolated guard cells and identified several DELLA-regulated genes, 
whose Arabidopsis orthologs affect stomatal movement and/or response to ABA. To 
study their possible role in DELLA regulation of stomatal movement, we recently 
generated CRISPR/Cas9-derived mutations in these genes. Taken together, our study 
suggest that water-deficit conditions inhibit GA synthesis, leading to DELLA 
accumulation. DELLA in turn, increases guard-cell sensitivity to ABA, leading to earlier 
stomatal closure. 
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ABSTRACT 

Auxin signal transduction is mediated by antagonistic activity of transcriptional 
activators and inhibitors. Both activators and inhibitors belong to gene families with 
redundant activities, but the biological importance of this complexity is not clear. Here, 
we addressed this question using tomato leaf development as a model, by generating 
and analyzing mutants in multiple auxin-response components. In developing tomato 
leaves, auxin promotes leaflet formation and blade growth, and in the intercalary 
regions between leaflets, auxin response is inhibited by the Aux/IAA protein ENTIRE 
(E). e mutants form simple leaves due to ectopic growth in the intercalary domain. 
Using this unique loss-of-function phenotype and genome editing of ARF genes, we 
identified the contribution of specific ARFs to the e phenotype. We show that mutations 
in the related ARFs SlMP, SlARF19A and SlARF19B, but not the closely related 
SlARF7, reduced leaf blade and suppressed the e phenotype in a dosage-dependent 
manner that correlated with their relative expression, leading to a continuum of shapes. 
While single e and slmp mutants affected blade growth in an opposite manner, leaves 
of e slmp double mutants were similar to the wild type. However, leaf shape of e slmp 
was more variable than the wild type, and showed increased sensitivity to changes in 
auxin level and distribution. Our findings demonstrate that the existence of multiple 
auxin-response inhibitors and activators stabilizes the developmental output of auxin, 
and that tuning their activity enables shape variability. The increased complexity of 
auxin response therefore balances stability and flexibility in leaf patterning. 
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ABSTRACT 

Auxin regulates plant growth and development through the transcription factors of the 
AUXIN RESPONSE FACTOR (ARF) gene family. ARF7, is one of five activators that 
bind DNA and elicit downstream transcriptional responses. In roots, ARF7 regulates 
root growth, gravitropism and redundantly with ARF19, lateral root organogenesis. In 
shoots, ARF7 controls leaf expansion and senescence. ARF7 is expressed broadly 
throughout the root and shoot apical meristems. However, it is unknown whether 
specific cis regulatory elements drive expression within these domains. Previous 
studies suggested a role for introns in gene regulation. ARF7 contains a large first 
intron. 

  

In this study we dissected the ARF7 promoter and used these dissected fragments to 
drive GFP expression. The results indicated the promoter and first intron led to a 
broader expression compared with only promoter in root tip. It suggested first intron 
plays an important role in transcriptional regulation in root meristem. A swap 
experiment in which the first intron was moved to the 5’-UTR showed the positon of 
intron is not essential for correct expression. Therefore we propose that it is the 
sequence within this intron that is required and that key transcription factors bind to 
this region. We identified potential binding sites and will determine which of these are 
important. In addition, will drive ARF7 under these truncated promoters in the arf7 arf19 
background, to identify specific promoter regions that are required to complement root 
or shoot phenotypes. This will identify factors that mediate either root or shoot specific 
aspects of ARF7 regulation. 
 

POSTER PRESENTATION 



45 

P64 

 

MKK3 MODULE IS ACTIVATED BY BOTH JASMONIC ACID AND ABSCISIC ACID 

DURING THE PERCEPTION OF ENVIRONMENT 

 

 

C. Sözen 1, S. Schenk 2, C. Chardin 3, A. Danquah 4, M. Boudsocq 5, A. De 
Zelicourt 5, A. Krapp 3, M. Almeida-Trapp 6, A. Mithöfer 6, J. Colcombet 1 

1Institute of Plant Sciences - Paris-Saclay - Gif-sur-Yvette (France), 2Albert-
Ludwigs-Universität Freiburg - Freiburg im Breisgau (Germany), 3Institut Jean-
Pierre Bourgin - Versailles (France), 4West Africa Centre for Crop Improvement 
- Accra (Ghana), 5Institute of Plant Sciences - Paris-Saclay - Gif-Sur-Yvette 
(France), 6Max-Planck-Institute for Chemical Ecology - Jena (Germany) 

 

ABSTRACT 

Since its first descriptions in 1995 and its first functional characterization 12 years later, 
plants MKK3-type MAP2Ks have emerged as an important integrator in plant signaling. 
If it does not count among the major stress-dependent MAPK actors in plant, recent 
works shed light on important roles in plant adaptation to environment. Our previous 
work (Danquah et al 2014) showed that together with MAPKs of clade C and 
MAP3K17/18, MKK3 constitutes a functional module which is activated by abscisic 
acid (ABA) and drought. Surprisingly, this activation requires a strong transcriptional 
regulation of MAP3K genes, which are virtually not expressed in resting conditions, the 
protein accumulating upon stimulation. Consequently, C-clade MAPK activation by 
ABA is rather slow. We present here new piece of data suggesting that MKK3 interacts 
strictly with a sub-clade of 8 MAP3Ks (containing MAP3K17/18) and are activated by 
other stresses through transcriptional regulation. As example we characterized in more 
detail the wounding triggered activation of MKK3 module and show its connection with 
jasmonic acid (JA) biosynthesis. Taken together, this data break the textbook message 
that MAPK modules define fast responsive signaling pathways and suggest that MKK3 
module could be a more general responsive signaling mechanism in plants, controlling 
a second layer of responses, remaining to be identified. 
 
Jean Colcombet 
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ABSTRACT 

Over the past 50 years, the Green Revolution based on the adoption of semi-dwarf 
cereals which had an increased lodging-resistance under high levels of nitrogen 
fertilization, was able to significantly improve grain yield. However, introduction of the 
semidwarf genes into rice and wheat resulted in the decreased nitrogen use efficiency 
(NUE). However, the molecular mechanisms underlying the interaction between 
nitrogen (N) and GA signalling still remains unclear. Here we show that two quantitative 
grain yield trait loci GRF4ngr2 and DEP1ngr9 are associated with the increases NUE 
in rice. The transcription factor GRF4 interacts directly with the DELLA growth-inhibitor, 
and that this interaction confers balanced homeostatic co-regulation of plant growth, 
carbon (C) fixation and N assimilation. The increased DELLA abundance of GRVs tips 
the GRF4-DELLA balance to favour dwarfed stature and consequent enhanced yield. 
In contrast, an increased GRF4 abundance alters the GRF4-DELLA balance to favour 
increased C and N assimilation without loss of yield-enhancing dwarfism. The DEP1 
gene encodes a non-canonical Gγ subunits, loss-of-function dep1-32 mutant exhibits 
a decreased N-mediated growth response, whereas gain-of-function dep1-1 mutant 
confers an increased NUE. Further experiments showed that DEP1 physically interacts 
with transcription factor OsMADS1, consequently enhance its transcriptional activity, 
which in turn promotes co-operative transactivation of common target genes. The 
Combination of the elite GRF4ngr2 and DEP1ngr9 alleles significantly increases N 
use-efficiency and grain yield in rice. Therefore, our findings reveal that the 
manipulation of both GA and G-protein signaling provides new strategies to increase 
NUE and yield potential in crops.  
 
Xiangdong Fu 
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MIR156 AND GA INTERACT TO CONTROL TOMATO GYNOECIUM DEVELOPMENT 

VIA CONTROL OF MERISTEM SIZE AND BOUNDARY ESTABLISHMENT. 

J.P. De Oliveira Correa 1, G.F. Ferreira E Silva 1, E. Marques Da Silva 1, M. 

Morato Notini 1, V. Favaretto Pinoti 2, L. Frizzo Ferigolo 1, C. De Marchi 

Santiago Silva 1, L. Eustaquio Pereira Peres 1, M.H. De Souza Goldman 2, 

R. Sablowski 3, F. Tebaldi Silveira Nogueira 1 

1University of Sao Paulo - Piracicaba (Brazil), 2University of Sao Paulo - Ribeirão 

Preto (Brazil), 3John Innes Centre - Norwich (United Kingdom) 

 

ABSTRACT 

Many traits of a fully developed fruit are controlled by processes that happen very early 

in fruit development, sometimes at floral meristem level. Locule number in tomato fruits 

was shown to be directly controlled by meristem size. Most knowledge regarding early 

stages of fruit development is based in Arabidopsis dry fruits as a model. Little is known 

about control of early stages of fleshy fruit development. Some developmental 

pathways may operate differently in tomato and Arabidopsis. We showed previously 

that the interaction between miR156 and Gibberellin (GA) pathways controls flowering 

time in tomato differently from what was shown in Arabidopsis. Here we use tomato as 

a model to study how miR156 and GA interact in the regulation of early stages of fleshy 

fruit development. Both the overexpression of miR156 (156OE) and increased GA 

levels (or loss of DELLA function in the procera mutant) led to the production of fruits 

with increased locule number, associated with upregulation of the boundary gene 

GOBLET (GOB) in early flower buds. Plants overexpressing miR156-resistant versions 

of the miR156-targeted SBP3 and SBP15 (namely rSBP3 and rSBP15) produce fruits 

with decreased locule number. GOB is downregulated in flower buds of these plants. 

SBP15 attenuates GA signalling, as the expression of rSBP15 in a background with 

increased GA levels recovers a WT-like ovary/fruit and shoot phenotype. Interestingly, 

floral meristem size is increased in 156OE and procera and decreased in rSBP3 and 

rSBP15. MiR156 may control boundary establishment and meristem size by controlling 

GA signalling. 
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BUT ‘WEIGHT’ THERE’S MORE. THE EFFECT OF THE PLANT HORMONE AUXIN 

ON KIWIFRUIT SIZE. 

 

 

N. Read 1, R.J. Schaffer 1, 2, K.M. David 1 

1The University of Auckland - Auckland (New Zealand), 2Plant and Food Research 

Ltd - Auckland (New Zealand) 

 

 

ABSTRACT 

Kiwifruit are an increasingly important crop for the New Zealand (NZ) economy. An 

important factor in determining market value is fruit size. Fruit that does not reach a 

commercially viable size are rejected from the supply chain. While fruit-size is 

predominantly determined early on in development, both cell division and cell 

expansion control fruit size and these are influenced by plant hormones. The key 

hormones involved in regulating organ size in many fruits are auxin, cytokinin and 

abscisic acid. The synthetic cytokinin (CPPU) has been shown to increase Actinidia 
deliciosa (green kiwifruit) size, but this is often administered in high concentrations with 

adverse effects on endogenous hormones. Interestingly, a second kiwifruit, A. 
chinensis (gold kiwifruit) are less responsive to CPPU, suggesting different 

mechanisms are occurring in these fruit. 

In this study we focused on auxin with the aim to determine whether it could affect the 

final size of gold kiwifruit size and also analyse the effects at both the cellular and 

molecular levels. Gold kiwifruit were treated with 1 µM indole-3-acetic acid (IAA) at 

different times during early fruit development. Expression of previously identified 

candidate genes was compared between IAA-treated and control fruit, to identify 

underlying mechanisms controlling fruit size. Fruit treated earlier in development were 

significantly bigger at maturity compared to control and other treatments. This 

suggests that IAA may be a limiting factor in gold kiwifruit development. Expression 

analyses of genes known to be invoved in cell division will also be presented. 
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HEAT-INDUCED MALE STERILITY IS REVERSED BY CYTOKININ, MEDIATED BY 

SUCROSE AND EXPRESSION OF SUGAR TRANSPORTER ATSWEET 7 

 

R. Salzman 1, V. Selva 2, B. Weir 3, K. Zhu-Salzman 4 

1Stoller - College Station (United States), 2Stoller - Cordoba (Argentina), 3UC 

Cooperative Extension - Merced (United States), 4TAMU - College Station (United 

States) 

 

 

ABSTRACT 

High temperatures during flowering are known to reduce reproductive success in 

plants due to male sterility. This involves reductions in pollen production, viability, 

release, or growth of pollen tubes. Molecular and hormonal mechanisms behind heat 

sterility are not well understood. Existing evidence indicates cytokinins are essential to 

pollen production at normal temperatures in several plant models.  Specific to high 

temperatures, sugars are implicated in reproductive success in tomato. We show here 

that exogenous application of cytokinins, as well as of sucrose, substantially improved 

fertilization and fruit set (P<0.05) under high temperatures in Arabidopsis thaliana. In 

multiple trials of bean and maize under high flowering temperatures in the field, 

reproductive success and yield were also increased (P<0.05) by cytokinin. A 

mechanism behind this is proposed to involve sugar movement to and accumulation in 

flowers. Consistent with this, cytokinin application rescued heat-induced repression of 

the sugar transporter AtSweet 7 in Arabidopsis, and an AtSweet 7 null line showed 

reduced recovery of heat fertility by cytokinin treatment compared to wild type. 
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FLOWERING AND REPRODUCTIVE DEVELOPMENT OF THE HEMIPARASITE 

PLICOSEPALUS ACACIAE IN SYNCHRONY WITH ACACIA HOST DEVELOPMENT 

IN THE ARID CONDITIONS OF SAUDI ARABIA 

 

 

N. Souayah 1 

Biology Department, Faculty of Science and Arts, AlUla, Taibah University - Al Ula 

(Saudi Arabia) 

 

 

ABSTRACT 

Flowering and Reproductive Development of the Hemiparasite Plicosepalus acaciae in 

Synchrony with Acacia Host Development in the Arid Conditions of  Saudi Arabia 

Naoufel Souayah 

 Biology Department, Faculty of Science and Arts of Al Ula, Taibah University, Medina 

Munawara, Saudi Arabia , souayahnaoufel@yahoo.fr 

 Abstract : 

In the arid conditions of north-west Saudi Arabia, acacia trees are threatened by 

widespread parasitism by Plicosepalus acaciae (Loranthaceae). Such aggression and 

other stress factors, such as drought and anthropogenic effects can accelerate 

weakness and/or the death of individual hosts, thereby increasing the imbalance in this 

endangered ecosystem. This study addresses the generative and fruit development of 

the hemiparasite. Various ontogenic phases and the mechanisms used for survival 

were followed. Morphogenetic plasticity and high synchrony of the flowering with the 

host tree development were identified. This synchronicity increases pressure on the 

host tree. Intervention at the flowering, the reproductive and dispersal steps might be 

a management strategy to reduce and control invasion by this hemiparasite. 

Keywords: Plicosepalus acaciae,  arid conditions, Acacia, flowering, fruit dispersal 
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CHARACTERIZATION OF REM GENES INVOLVED IN THE REPRODUCTIVE 

DEVELOPMENT OF ARABIDOPSIS THALIANA 

 

F. Caselli 1, V.M. Beretta 1, O. Mantegazza 1, R. Petrella 1, A. Guazzotti 1, H. 

Herrera-Ubaldo 2, S. De Folter 2, M.A. Mendez 1, M. Kater 1, V. Gregis 1 

1Università degli Studi di Milano - Milano (Italy), 2Unidad de Genómica Avanzada, 

Laboratorio Nacional de Genómica para la Biodiversidad, Centro de Investigación 

y de Estudios Avanzados del Instituto Politécnico Nacional - Irapuato (Mexico) 

 

 

ABSTRACT 

The REproductive Meristem (REM) gene family encodes for transcription factors 

belonging to the B3 DNA binding domain superfamily and even, if this family of genes 

is widespread among both dicotyledons and monocotyledons species, not much it is 

known about their function. 

In Arabidopsis thaliana this family is composed of 45 members, preferentially 

expressed during flower, ovule and seed development. Only a few members of this 

family have been functionally characterized: VERNALIZATION1 (VRN1) regulating 

flowering time and VERDANDI (VDD20) together with VALKYRIE (VAL) control death 

of the receptive synergid cell in the female gametophyte. 

We focused our attention on three homologous members of this family, REM34, REM35 

and REM36, which are expressed in the inflorescence meristem and, during flower 

development, in both female and male reproductive tissues. 

To uncover their cryptic role, RNA interference lines for the simultaneously silencing 

of these three genes were analysed. At the same time, a CRISPR/Cas9 approach was 

chosen in order to generate single and multiple mutants. 

Both the RNAi lines and the CRISPR/Cas9 mutants showed an aberrant phyllotaxis and 

a higher rate of flower production. Moreover, the RNAi lines showed defects in both 

female and male. 

Both genes involved auxin biosynthesis and transportation were found to be 

downregulated in the RNAi background, suggesting a novel role for REM34, REM35 

and REM36 in the control of auxin synthesis and/or signalling in Arabidopsis thaliana. 
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TRANSCRIPTIONAL CONTROL OF FRUIT DEVELOPMENT 

 

 

C. Cozzi 1, S. Forlani 1, C. Mizzotti 1, S. Masiero 1 

università degli studi di milano - Milano (Italy) 

 

 

ABSTRACT 

Given the fundamental nature of both the dietary and biological significance of fruit, 

molecular dissection of fruit growth and maturation has considerable interest. The yield 

and quality factors associated with fruits are of key importance to agricultural 

production, future improvements of fruit characteristics will rely on the comprehension 

of the mechanisms controlling fruit development and maturation. 

To shed light into the molecular networks controlling fruit development we used model 

plants as Arabidopsis thaliana and Solanum lycopersicum. In order to identify genes 

whose products control Arabidopsis fruit development and maturation, a transcriptome 

analysis by RNA-deep-sequencing has been performed, comparing wild-type (WT) 

siliques, at different time points. The bioinformatics and statistical analysis of the data 

led to the identification of about thousand genes differentially expressed between early 

and late stage of silique development. Among all the different clusters, we are currently 

exploring the role of the NAC transcription factors demonstrating that they contribute 

to fruit maturation through the regulation of hormones’ homeostasis. 
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DISRUPTION OF SULFUR RECYCLING LEADS TO INFERTILITY RESTORABLE BY 

DECAPITATION 

 

 

S. Adeel 1, A. Traa 1, B. Tremblay 1, M. Wirtz 2, R. Hell 2, B. Moffatt 1 

1Department of Biology, University of Waterloo, Waterloo, Canada - Waterloo 

(Canada), 2Centre for Organismal Studies Heidelberg, Heidelberg University, 

Heidelberg, Germany - Heidelberg (Germany) 

 

 

ABSTRACT 

Arabidopsis thaliana mutants deficient in an enzyme activity needed for sulfur recycling 

accumulate 5’-methylthioadenosine (MTA) in rapidly dividing cells (e.g., shoot 

meristems). These mutants have numerous phenotypic abnormalities including male 

and female sterility as MTA interferes with their cellular metabolism. Pollen 

development aborts in the mutant soon after microsporogenesis resulting in misshapen 

pollen with excess callose in the locule. Surprisingly, removal of the shoot meristem 

associated with the apical cluster of floral buds in the mutant allows the flowers 

immediately below to produce seed. We have taken several approaches to define the 

molecular basis of the developmental changes induced by floral decapitation of this 

mutant. Based on the literature, distinct changes in auxin and cytokinin distribution 

occur upon decapitation. Thus, in our first approach, we introduced fluorescent 

reporters for these hormones (i.e., TCSn, DR5 and R2D2) into the mutant background 

to detect differences in local abundances. A second approach is examining changes 

in sulfur-related metabolites in flowers affected by decapitation. This initially required 

identifying the floral stages capable of producing seed after the removal of apical buds 

and led to the observation that the anthers of restorable flowers are at the later stages 

of development. Our final approach involves examining callose deposition in mutant 

flowers, an auxin associated process. Based on these findings and others we propose 

that removal of the accumulated MTA in the shoot meristem by decapitation leads to 

restored auxin homeostasis and subsequent fertility. 
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MINING NEW BREEDING TECHNOLOGIES FOR TOMORROW'S AGRICULTURE 

 

 

Y.M. Hsu 1, M. Falque 1, O. Martin 1 

GQE– Le Moulon, INRA, Univ. Paris-Sud, CNRS, AgroParisTech, Université Paris-

Saclay - Gif-Sur-Yvette (France) 

 

 

ABSTRACT 

Reshaping organ growth, enhancing resistances, and exploiting natural plasticity can 

all arise through either chemical treatments or by “genetic” improvement. Here we 

focus on the challenge of accelerating genetic gains in breeding programs. The 

formation of meiotic crossovers (COs) is responsible for genetic recombination and 

thus allelic shufflings arising during breeding programs. Unfortunately, many important 

crops such as maize or tomato have large sections of their genomes in which 

recombination is actively suppressed; the unleashing of the genetic diversity in such 

regions requires that one understand the factors driving this suppression. This thesis 

work focuses on the relationship between rates of CO formation and genomic and 

epigenomic features along chromosomes in order to suggest mechanisms of CO 

suppression. Of major interest is the extent to which this suppression is driven by the 

same mechanisms which silence repetitive sequences and in particular transposons. 

The results should shed light on the biological and evolutionary forces driving the low 

number of COs in pericentromeric regions of crops where many genes occur yet the 

remaining allelic diversity stays unexploited. 
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PSAFB6 LINKS AUXIN AND ETHYLENE SIGNAL TRANSDUCTION PATHWAYS 

DURING EARLY PEA FRUIT DEVELOPMENT 

 

 

C. Jayasinghege 1, J. Ozga 1, L. Gao 1, C. Nadeau 1, H. Kaur 1, D. Reinecke 
1 

University of Alberta - Edmonton (Canada) 

 

 

ABSTRACT 

Phylogenetic analyses divide the TIR1/AFB family of auxin receptors into four clades: 

TIR1/AFB1, AFB2/AFB3, AFB4/AFB5, and AFB6. Compared to other TIR1/AFBs, the 

AFB6 clade of proteins has received limited attention at least partially due to their 

absence in some plant families that include the model plant Arabidopsis. To evaluate 

the role of AFB6 in reproductive development of pea (Pisum sativum), we first 

functionally characterized PsAFB6 protein using yeast two-hybrid assays. In these 

assays PsAFB6 interacted with PsIAA7 in an auxin-dependent manner, indicating that 

PsAFB6 is a functional auxin receptor. In pea, the transcript abundance of PsAFB6 was 

substantially elevated in ovary (pericarp) tissue that was transitioning to senescence 

(nonpollinated or deseeded pericarps) and in pedicels attached to these tissues (which 

will abscise). Our data suggest that this gene expression pattern is due to ethylene 

stimulation of PsAFB6 transcript abundance in these senescing tissues. PsAFB6 was 

the only TIR1/AFB family member that exhibited ethylene-induced gene expression in 

this tissue. Furthermore, the pericarp growth-stimulating auxin 4-Cl-IAA (but not IAA, 

which does not stimulate pericarp growth) suppressed PsAFB6 expression in the 

pericarp of young developing pea ovaries. The other pericarp growth-promoting 

hormone, gibberellin, had no clear effect on the pericarp PsAFB6 transcript level. 

These data suggest that the auxin receptor PsAFB6 plays a unique role in linking auxin 

and ethylene signal transduction pathways during early pea fruit development.  
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A DISTRIBUTIVE '50% RULE' CONTROLS REPRODUCTIVE ARCHITECTURE IN 

THE BRASSICACEAE 

 

C. Walker 1, T. Bennett 1 

University of Leeds - Leeds (United Kingdom) 

 

ABSTRACT 

Control of shoot architecture has been extensively studied from the perspective of 

shoot branching and apical dominance. The initiation of branches is critical to the 

formation of yield, as branches are a necessary prerequisite to support flowers and 

fruits. However, while there is considerable progress in understanding the control of 

bud outgrowth, there has been little research into the control of flower number, which 

is a key factor of yield formation in species such as Brassica napus (oilseed rape). We 

have examined the production of flowers in Arabidopsis to provide insights into this 

process. We show that flower numbers are not solely determined by branch numbers, 

nor by meristematic activity per branch. Rather, we show that the meristematic activity 

of each branch is intricately controlled, such that the secondary inflorescences 

collectively support 50% of the total flowers, irrespective of how many secondary 

inflorescences are formed. This suggests that inflorescences continue to regulate each 

other’s activity long after they activate. This ‘50% rule’ for floral initiation is found in 

different Arabidopsis wild-types, and is still observed in hormonal signalling mutants 

with radically different shoot architectures, including strigolactone, gibberellin and 

cytokinin mutants. Furthermore, we show that the 50% rule applies to other 

Brassicaceae species including oilseed rape, again despite considerable differences in 

shoot architecture. We therefore show that inflorescence meristem activity is intricately 

controlled across the plant, and that this mechanism is independent of three major 

classes of plant hormones.  

 

Catriona Walker 

 

 

POSTER PRESENTATION 



12 

P76 

 

EFFECTS OF AUXIN AND CYTOKININ ON ASEXUAL REPRODUCTION OF 

GRAPTOPETALUM PARAGUAYENSE 

 

T. Tamaki 1, K. Shimomura 1, M. Umehara 1 

Grad. Sch. Life Sci., Toyo Univ. - Gumma (Japan) 

 

ABSTRACT 

In a succulent plant Graptopetalum paraguayense, when leaves are detached from the 

stem, a new shoot and roots are formed on the separation site of the leaves. In general, 

it is necessary to apply phytohormones such as auxin and cytokinin to induce plant 

regeneration. However, plant regeneration in G. paraguayense can be induced without 

phytohormone-treatment. Changes of endogenous hormone levels induce the shoot 

and root regeneration, but the mechanism is still unknown. In this study, to investigate 

how phytohormones control shoot regeneration, we evaluated effects of exogenously 

applied phytohormones. First, we investigated effects of auxin and cytokinin on shoot 

regeneration. We applied phytohormones at the separation site every 2 days. When 

NAA and IAA were treated, no effect was observed. On the other hand, the shoot 

regeneration was inhibited at 10 μM 2,4-D. When 10 μM 6-benzylaminopurine was 

treated, enlargement of shoots was observed. In addition, the shoot regeneration was 

strongly inhibited by 1 μM thidiazuron treatment. Next, we investigated effects of IAA 

transport inhibitor, antagonist, biosynthesis inhibitor, and cytokinin antagonist on the 

shoot regeneration. IAA transport inhibitors significantly suppressed the shoot 

regeneration. Although auxin antagonist, biosynthesis inhibitor, and cytokinin 

antagonist were treated, no effect was observed. Last, we investigated changes of 

endogenous phytohormone levels by using LC-MS/MS. IAA levels increased after leaf 

detatchment, and gradually increased from basal region to apical region of leaves. In 

contrast, cytokinin levels were entirely low. Thus, we conclude auxin transportation and 

localization play important roles in asexual reproduction on G. paraguayense leaves. 
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TRANSPORT OF SEED-DERIVED AUXINS TO OVARIES AND ATTACHMENT 

TISSUES FOR COORDINATION OF EARLY PEA FRUIT DEVELOPMENT 
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ABSTRACT 

In pea (Pisum sativum), ovary (pericarp) growth requires developing seeds; absence 

or removal of seeds leads to reduced pericarp growth and subsequent abscission. 

Previous studies showed that auxin levels are higher in seeds than the surrounding 

ovary tissues, suggesting that seed-derived auxins are transported to the surrounding 

tissues to promote ovary growth.  However, further evidence is required to confirm this 

hypothesis. We have investigated the spatial pattern of auxin distribution in ovary and 

associated fruit tissues (pedicel and peduncle) using an auxin-inducible DR5::GUS 

reporter system in pea, and correlated this reporter system response with tissue auxin 

content. We observed higher GUS staining and enzyme activity in the ovary and 

attachment tissues when the fruit contained developing seeds compared to tissues 

from deseeded fruit. Consistently, auxin levels were higher in the pericarp vascular 

suture and attachment tissues of seed-bearing ovaries compared to that from 

deseeded ovaries. Polar auxin transport inhibitor (N-1-naphthylphthalamic acid; NPA) 

applied to the peduncles of fruit with developing seeds increased GUS enzyme activity 

and auxin levels in the fruit tissues above the application point. NPA application (at -2 

DAA) to the peduncle or pedicel tissues attached to emasculated flowers, resulted in a 

minor increase in pericarp growth; however, the non-pollinated fruits eventually 

abscised. Overall, these data support that seeds act as a source of auxins for pea 

ovaries and fruit attachment tissues, and that auxin transport from the seeds to the 

ovary and attachment tissues is at least partially mediated through the polar auxin 

transport pathway. 
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ROLE OF AUXIN, AUXIN HOMEOSTASIS AND AUXIN TRANSPORT DURING 

FLOWER AND FRUIT ORGAN DEVELOPMENT AND FUNCTION 

 

H. Yasuor 1 

Gilat Research Center, ARO (Israel) 

 

 

ABSTRACT 

The plant hormone auxin is a major regulator of flower and fruit organs development. 

In order to elucidate the role of auxin in reproductive development, we followed the 

distribution and expression patterns of the auxin response sensor DR5::VENUS (DR5) 

during successive stages of flower and fruit development. In addition, cotton male-

sterile flowers due to the application of the herbicide glyphosate were used to further 

understanding the role of auxin during male organ development and function.  For 

elucidating the role polar auxin transport (PAT) during flower organ development, we 

followed PIN1::GFP localization in flower and fruit organs during their development. 

Also, we used exogenous auxin and PAT inhibitors and characterized flower and fruit 

development and DR5 expression and localization in cotton and tomato, respectively. 

The DR5 expression patterns and glyphosate-induces male sterility nicely 

demonstrated that auxin have a crucial role during gametogenesis, flower and fruit 

organogenesis. PAT inhibitors and exogenous auxin applications further support their 

role in auxin homeostasis and its effect on flower and fruit organ development and 

function. In addition in the last years we are use both RNASeq and metabolomics 

analysis in order further understand the role of auxin and auxin homeostasis during 

flower and fruit development. According to recent gene expression and hormone 

profiling information data, we generated several auxin homeostasis-related genes 

mutants, which further support our hypothesis on the role of auxin in flower and fruit 

development. We currently focused on understanding the specific role of auxin and its 

metabolites during male gametophyte development.  

 

DR5 expression during male flower development 
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AUXIN METABOLITE PROFILING REVEALS THE VITAL ROLE OF INDOLE-ACETIC 

ACID CONJUGATION IN TOMATO FLOWER AND EARLY FRUIT DEVELOPMENT 

 

 

A. Vainer 1, S. Panda 1, I. Panizel 1, Y. Kazachkova 1, S. Breitenbach 2, J. 

Ludwig-Müller 2, A. Aharoni 1, H. Yasuor 3 

1Weizmann Institute of Science - Rehovot (Israel), 2Technische Universität 

Dresden - Dresden (Germany), 3Department of Vegetable and field Crops, Gilat 

Research Center, ARO - Gilat (Israel) 

 

 

ABSTRACT 

Auxins play a key regulatory role in the plethora of developmental processes in plants. 

In our investigation, we applied the hormonal metabolome analysis along with 

transcriptome profiling to reveal, which components of the auxin hormonal system can 

regulate tomato reproductive organs development.   The analysis included flower buds 

at the stages of 3, 5, 7, 10 mm and at anthesis, divided into sepals, petals, stamen, 

pollen, carpel and early (up to 15 days after anthesis) fruit organs (ovary, pericarp+skin, 

jelly, placenta, seeds). UPLC-ESI-MS/MS analysis revealed the gradual decrease in 

IAA concentration together with the accumulation of oxidized and conjugated forms in 

each flower organ, but more pronouncedly, in stamen. Coexpression analysis of 

Illumina mRNA sequencing results unveiled the genes putatively involved in these 

inactivation processes, including several Grethen-Hagen 3 (GH3) genes – Slgh3-2, 
Slgh3-7, SLgh3-15. In vitro analysis of enzymes' substrate preference and their 

transient overexpression in N. benthamiana leaves confirmed their ability to bind IAA 

(and to the lesser extent IBA) to the wide range of amino acids and therefore reduce 

its free pool. The functional characterization of candidates through CRISPR-Cas9-

mediated mutagenesis was performed. gh3-15 lines exhibited a dramatic decrease in 

pollen viability and its germination rate coupled with the increased IAA levels in 

maturating stamen. The developing fruits were predominantly parthenocarpic. gh3-2 
mutants didn’t demonstrate severe phenotype. The shotgun proteomics of stamen and 

carpel revealed the low abundance of GH3-2 protein in flower organs assuming the 

posttranscriptional “fine tuning” of auxin-conjugating enzymes expression during plant 

development. 
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CONTROL OF REPRODUCTIVE ARCHITECTURE IN ARABIDOPSIS BY 

HORMONAL SIGNALLING NETWORKS 

 

 

T. Bennett 1 

University of Leeds - Leeds (United Kingdom) 

 

 

ABSTRACT 

Reproduction in flowering plants consists of the hierarchical production of reproductive 

branches (inflorescences), flowers, fruits and ultimately seeds. To produce an optimal 

seed set, the spatio-temporal arrangement of these organs – ‘reproductive 

architecture’ – needs to be precisely tuned with respect to resource availability. 

However, the mechanisms that regulate reproductive architecture are poorly 

understood. We have defined 5 distinct feedback processes that act between different 

organ types during reproductive development in Arabidopsis, which collectively 

prevent over-commitment of resources to each developmental stage, and which also 

bring about the end of flowering ('floral arrest'). Here, I present a unified model for the 

coordination of reproductive development in Arabidopsis by these feedback 

processes, and show that they are underpinned by long-distance hormonal signalling 

within the shoot. I show that four hormonal signals – auxin, cytokinin, strigolactones 

and gibberelin – interact to regulate reproductive architecture, and discuss their 

differential contributions to each stage. I discuss reproductive architecture in other 

Brassicaceae, and assess to what extent our Arabidopsis model can also explain 

development in Cardamine, Capsella and Brassica species. Furthermore, I discuss the 

generalisability of our model with respect to more distantly related and perennial 

species, and its implications for understanding the development of yield in crops. 
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EFFECTS OF SALINITY ON FLOWERING AND REPRODUCTIVE DEVELOPMENT 

OF COASTAL POPULATIONS OF ARABIDOPSIS THALIANA 

 

M. Almira 1, M. Llugany 1, L. Pérez-Martín 1, C. Poschenrieder 1 

Universitat Autònoma de Barcelona, Dep. de Biologia Animal, Biologia Vegetal i 

Ecologia (BABVE) - Barcelona (Spain) 

 

ABSTRACT 

Effects of salinity on flowering and reproductive development of coastal populations of 

Arabidopsis thaliana 

Several studies report salt-induced delay in flowering of A. thaliana. The mechanisms 

behind are still not fully established. Here we report first results on the characterization 

of flowering time (FT) under salt stress and the relation between salinity and 

reproductive development of coastal populations of A. thaliana differing in flowering 

time in their natural habitats.  Our aim is to see whether cross talk between salinity and 

FT is involved in the local adaptation of A. thaliana to coastal environments. The 

response to salinity was assessed in two contrasting coastal populations, RO2 (early 

FT) and T6 (late FT) in comparison to the reference accession Col-0 (intermediate FT). 

Soil irrigation experiments with and without NaCl were conducted. The expression 

levels of several FT and salt tolerance related genes were analyzed. Differences in 

vernalization requirements among populations were found, where T6 showed 

disrupted flowering patterns when no vernalization was applied. Salinity had significant 

negative effects on the reproductive fitness parameters of silique number, rosette area, 

dry weight and length of all plants. ICP analysis showed that leaves of plants treated 

with saline irrigation contained significantly higher concentrations of Na+ and Na+/K+ 

ratio than leaves from control plants. Salt-induced changes in gene expression will be 

discussed in relation to ionomics and endogenous hormone levels. 

Acknowledgements: Supported by Spanish MICINN BFU2016-75176-R; M. A. was 

supported by Predoctoral grant BES-2017-079981. 
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NEW GENETIC INSIGHTS INTO THE CYTOKININ PATHWAY AS REVEALED BY 

THE CHARACTERIZATION OF CICHORIUM ENDIVIA LEAVES TRANSCRIPTOME 

AND METABOLITES ANALYSIS 

 

 

G. Testone 1, G. Mele 1, M.A. Iannelli 1, C. Nicolodi 1, G. Arnesi 2, D. 
Giannino 1, E. Di Giacomo 1, G. Frugis 1 

1Istituto di Biologia a Biotecnologia Agraria (IBBA), Unit of Rome, Consiglio 
Nazionale delle Ricerche (CNR), Via Salaria Km. 29,300 – 00015, Monterotondo 
Scalo - Roma (Italy), 2Enza Zaden Italia SRL, S.S. Aurelia km 96.710, Lato Mare 
(VT) - Tarquinia (Italy) 
 

ABSTRACT 

Cytokinins (CK) are key hormones that control plant growth, leaf development, 
morphogenesis and senescence, nutrient allocation and stress responses, all crucial 
traits for crop productivity. We reconstructed the genetic pathway of cytokinins in the 
leafy crop Cichorium endivia and in the reference species for Asteraceae Lactuca 
sativa. Genes involved in cytokinin metabolism, perception and signaling, and 
candidates to nucleotide-nucleoside interconversion and transport were identified, 
classified and manually annotated. RNAseq expression profiles of edible leaves of four 
C. endivia commercial cultivars pointed to genes involved in cytokinin activation, O-
glycosilation and response as the major source of variability among cultivars. Cytokinin 
metabolites analysis indicated cis-zeatin (cZ) derivatives as the most abundant forms 
of cytokinins in C. endivia leaves. Metabolite-transcript correlation identified candidate 
genes for cis- and trans-zeatin reversible O-glycosylation. Candidate genes involved 
in the two-step interconversion of cytokinin bases, nucleosides and nucleotides, which 
have remained elusive for a long time, were also found. 

Robust gene co-expression networks from RNAseq profiles of two production years 
validated our cytokinin pathway and revealed the intrinsic intra-modular structure of 
the CK pathway in leaves. Members of the TALE superclass of homeobox transcription 
factors were also identified as regulatory hubs that antagonize the AHK4/CRE1-driven 
CK co-expression network in C. endivia leaves. 
 
CK pathway in C.endivia leaves 
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NUCLEOSIDE N-RIBOHYDROLASES AND ADENOSINE KINASES IN HIGH AND 

LOW PLANTS 

 

 

R. Koncitíková 1, E. Luptáková 1, A. Vigouroux 2, M. Kopecná 1, D. Zalabák 3, O. Novák 4, 
K. Von Schwartzenberg 5, S. Moréra 2, D. Kopecný 1 

1Department of Protein Biochemistry and Proteomics, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Faculty of Science, Palacký University, 
Olomouc CZ-78371, Czech Republic (Czech Republic), 2Institute for Integrative Biology 
of the Cell, CNRS-CEA-Univ. Paris-Sud, Université Paris-Saclay, Gif-sur-Yvette F-91198, 
France (France), 3Department of Molecular Biology, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Faculty of Science, Palacký University, 
Olomouc CZ-78371, Czech Republic (Czech Republic), 4Laboratory of Growth 
Regulators, Institute of Experimental Botany ASCR & Palacký University, Šlechtitelu 11, 
Olomouc CZ-78371, Czech Republic (Czech Republic), 5Biozentrum Klein Flottbek und 
Botanischer Garten, Universität Hamburg, D-22609 Hamburg, Germany (Germany) 

ABSTRACT 

Nucleosides and nucleobases can be recycled to nucleoside monophosphates, which is also 
known as salvage pathway preserving an energy, which would otherwise be needed for de 
novo synthesis of purine and pyrimidine derivatives. In plants, both uridine kinase and uracil 
phosphoribosyl transferase act on the pyrimidine salvage pathway while adenosine kinase 
(ADK) and adenine phosphoribosyltransferase participate in the purine salvage pathway. Both 
purine and pyrimidine nucleosides are hydrolyzed by nucleoside N-ribohydrolases (NRHs) to 
nitrogenous bases and ribose. There are at least two sub-classes of NRHs in plants, which 
belong to a class of nonspecific inosine-uridine hydrolyzing NRHs. They differ in their substrate 
preferences for inosine and xanthosine (subclass I) or uridine and xanthosine (subclass II). 
Here, we analyzed spatial and temporal expression of all five NRH and three ADK genes found 
in the genome of maize (Zea mays) in relation to abiotic stress. GFP-fusion constructs were 
used to determine subcellular localization of five NRHs. Further on, we constructed and 
selected homozygous dexamethasone-inducible ZmNRH overexpressor lines in Arabidopsis 
thaliana and measured levels of purine, pyrimidine and cytokinin metabolites to analyze the 
enzyme function in planta. We studied the ability of overexpressor lines to mobilize a nitrogen 
stored in exogenous nucleosides and the influence on the root growth. Finally, the substrate 
binding mode of ZmNRH2b and ZmNRH3 was studied using X-ray crystallography. 

This work was supported by the grant 18-07563S from the Czech Science Foundation, the 
MOBILITY grant 7AMB17DE009 by the Ministry of Education, Czech Republic and 
IGA_PrF_2019_022 from UP Olomouc. 
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DOWNREGULATION OF RDDM DURING STRAWBERRY FRUIT RIPENING 

 

Z. Lang 1, 2, J. Cheng 1, 3, N. Qingfeng 1, 2, Z. Bo 4, C. Kunsong 4, Y. Ruihua 5, Z. Jian-Kang 
1, 2, 6, Z. Yijing 3, 1 

1University of the Chinese Academy of Sciences - Beijing (China), 2Shanghai Center for 
Plant Stress Biology, National Key Laboratory of Plant Molecular Genetics, Center of 
Excellence in Molecular Plant Sciences, Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences - Shanghai (China), 3National Key Laboratory of Plant 
Molecular Genetics, CAS Center of Excellence in Molecular Plant Sciences, Institute of 
Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese 
Academy of Sciences - Shanghai, 4Laboratory of Fruit Quality Biology/Zhejiang 
Provincial Key Laboratory of Horticultural Plant Integrative Biology, Zhejiang University 
- Hangzhou (China), 5Horticultural Department, Heilongjiang Academy of Agricultural 
Sciences - Harbin (China), 6Department of Horticulture and Landscape Architecture, 
Purdue University - West Lafayette (United States) 
 

ABSTRACT 

Background: Recently, DNA methylation was proposed to regulate fleshy fruit ripening. Fleshy 
fruits can be distinguished by their ripening process as climacteric fruits, such as tomatoes, or 
non-climacteric fruits, such as strawberries. Tomatoes undergo a global decrease in DNA 
methylation during ripening, due to increased expression of a DNA demethylase gene.The 
dynamics and biological relevance of DNA methylation during the ripening of non-climacteric 
fruits are unknown. 

Results: Here, we generate single-base resolution maps of the DNA methylome in immature 
and ripe strawberry. We observe an overall loss of DNA methylation during strawberry fruit 
ripening. Thus, ripening-induced DNA hypomethylation occurs not only in climacteric fruit, but 
also in non-climacteric fruit. Application of a DNA methylation inhibitor causes an early ripening 
phenotype, suggesting that DNA hypomethylation is important for strawberry fruit ripening. The 
mechanisms underlying DNA hypomethylation during the ripening of tomato and strawberry 
are distinct. Unlike in tomatoes, DNA demethylase genes are not upregulated during the 
ripening of strawberries. Instead, genes involved in RNA-directed DNA methylation are 
downregulated during strawberry ripening. Further, ripening-induced DNA hypomethylation is 
associated with decreased siRNA levels, consistent with reduced RdDM activity. Therefore, 
we propose that a downregulation of RdDM contributes to DNA hypomethylation during 
strawberry ripening. 

Conclusions: Our findings provide new insight into the DNA methylation dynamics during the 
ripening of non[1]climacteric fruit and suggest a novel function of RdDM in regulating an 
important process in plant development. 

Keywords: DNA methylation,  
Fruit ripening, Strawberry, RdDM, siRNA 
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1Norwegian University of Life Sciences - Ås (Norway), 2Norwegian institute of 
Bioeconomy Research - Ås (Norway) 

 
 

ABSTRACT 

The aerial environment has a strong impact on transpiration and photosynthesis of 
plants. Stomata, which consists of two guard cells surrounding the stomatal pore, 
regulate the amount of CO2 entering and H2O transpired by the leaf. Understanding 
how stomata perform during adaptation to different aerial environment and the signals 
involved are important for the productivity of plants both in natural and in agricultural 
systems. Increasing air humidity open stomata. Furthermore, when plants are exposed 
to prolonged periods of high air humidity (low vapor pressure deficit [VPD]) they 
develop stomata with reduced functionality. Stomata respond slower to closing signals 
like reductions in VPD, darkness or drought. The reason for the lack of responsiveness 
to closing signals is still unknown but is likely to involve the plant hormone abscisic 
acid (ABA) which is one of the most important chemical signals for stomatal closure. 
Plants developed under continuous low VPD contain lower levels of ABA than plants 
developed in dryer air. Experiments suggest that low VPD involves increased ABA 
catabolism rather impaired biosynthesis. One important inactivation pathway is 
conjugation of ABA with glucose creating ABA-glucose ester (ABA-GE), which has 
been hypothesized to be a storage form of ABA. Another important catabolic pathway 
involves ABA 8'-hydroxylase which catalyzes the oxidation of ABA into biologically 
inactive phasic acid. Our studies show that ABA can be catabolized in both pathways 
in response to low VPD depending on plant species and background light.  
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SIMULTANEOUS PROFILING OF 1-AMINOCYCLOPROPANE-1-CARBOXYLIC 

ACID (ACC) AND OTHER ACIDIC PHYTOHORMONES IN PLANT TISSUES USING 

ULTRA-PERFORMANCE LIQUID CHROMATOGRAPHY – TANDEM MASS 

SPECTROMETRY 

 

 

M. Karady 1, 2, I. Antoniadi 1, R. Casanova-Saez 1, O. Novák 3, F. Brunoni 
4, C. Bellini 4, 5, K. Doležal 2, K. Ljung 1 

1Umeå Plant Science Centre (UPSC), Department of Forest Genetics and Plant 
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Research, Faculty of Science, Palacký University, Šlechtitelu 27, CZ-78371 - 
Olomouc (Czech Republic), 3Laboratory of Growth Regulators, The Czech 
Academy of Sciences, Institute of Experimental Botany & Palacký University, 
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4Umeå Plant Science Centre (UPSC), Department of Plant Physiology, Umeå 
University, SE-90187 - Umeå (Sweden), 5Institut Jean-Pierre Bourgin, UMR1318 
INRA-AgroParisTech Versailles, France - Paris (France) 

 

ABSTRACT 

ACC (1-aminocyclopropane-1-carboxylic acid) is a simple non-proteinogenic amino 
acid, having a central function in ethylene biosynthesis as its direct precursor. 
Ethylene, as one of the main plant hormones, plays role in a wide range of 
developmental processes, often intertwined with other phytohormones. ACC synthesis 
has been shown to be dependent on various developmental, environmental and 
hormonal signals, with a possibility to be further modified and metabolized by 
conjugation or deamination reactions. Discovering major functions of ACC represents 
a quickly developing field of interest, with several implications of ACC possibly acting 
as an ethylene-independent signaling molecule in plants. 

            Here we demonstrate a simple and reliable profiling method to determine ACC, 
IAA, ABA, methionine, tryptophan, jasmonic acid, salicylic acid and other compounds 
in the same plant sample. By employing a simple extraction, ultra-performance liquid 
chromatography with tandem mass spectrometry and isotope dilution analysis for 
quantification, we exhibit a detection limit for ACC around 1 fmol during a 15-minute 
long analysis, requiring 10 mg of fresh weight plant material. This method, although 
being still an ongoing work, provides substantial improvements in terms of robustness, 
sensitivity, selectivity, throughput and cost effectiveness over previous methods 
published. 
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University of Warwick - Coventry (United Kingdom) 
 

ABSTRACT 

Auxin (indole-3-acetic acid; IAA) plays an essential role in plant growth and 
development. Crucial for many developmental processes controlled by auxin is its 
spatial distribution within plant organs, tissues and individual cells. Endoplasmic 
reticulum (ER), which is primarily responsible for protein synthesis, lipid anabolism and 
cell detoxification, has been recently shown to be involved in phytohormone signaling 
and metabolism. It’s assumed that ER-localized auxin transporters (PIN5, PIN8 and 
PILS2, PILS5) contribute to the control of auxin subcellular homeostasis by regulating 
auxin fluxes between the cytosol and ER lumen. Moreover, auxin biosynthetic proteins 
from the YUCCA family (YUCCA4) can be also localized to ER membranes, 
hypothetically together with IAA-amido synthases and IAA-amidohydrolases (GH3 and 
ILR1, respectively). However, to obtain a complete understanding of ER-mediated 
regulation of auxin homeostasis on subcellular level, direct measurement of auxin 
metabolites in ER is highly needed. 

Thus we performed profiling of auxin metabolome in ER isolated from suspension 
culture of Arabidopsis thaliana. ER-enriched fractions were prepared by optimized 
method based on density gradient ultracentrifugation and the purity was verified by 
immunoblotting. Free auxin, its major precursors and metabolites were analyzed by 
using LC-MS/MS. The procedure will be further employed in study of selected 
Arabidopsis ER auxin transport mutant cell lines. ER-specific analysis will provide 
novel information about compartmentation of auxin biosynthesis and metabolism 
within plant cell. 

This work was supported by the Czech Foundation Agency (GA17-21581Y).  Vladimír 
Skalický was supported (in part) by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_018). 
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ABSTRACT 

Auxin (indole-3-acetic acid; IAA) is a plant hormone that fundamentally influences a 
variety of growth and developmental processes. In order to control hormonal 
homeostasis, the level of active auxin is dynamically regulated by biosynthesis, 
transport, catabolism and conjugation. Two main groups of auxin conjugates were 
described in plans: amide-linked IAA-conjugates with proteins, peptides and single 
amino acids (IAAsp, IAGlu) and ester-linked conjugates with sugars, typically glucose 
(IAA-Glc). The main product of IAA oxidative degradation oxIAA can be also 
conjugated with glucose (oxIAA-Glc). 

We determined IAA metabolite profile in shoots, roots and root segments of 
Arabidopsis thaliana ecotype Columbia. In-tip micro-SPE (µSPE) combined with 
UHPLC-MS/MS was utilized for sample preparation and determination of metabolites. 
We observed that ester-linked conjugates IAA-Glc and oxIAA-Glc represent the major 
part of the obtained metabolite profile in both shoots and roots as well as in all root 
segments, whereas amino acid IAA-conjugates took only small part. Maximal levels of 
auxin glucose esters within the primary root were determined in the apical part of the 
root. 

Finally, we studied an effect of sucrose addition into cultivation media on endogenous 
levels of IAA and oxIAA glucose esters.  

  

This work was supported by the Czech Foundation Agency (GA17-21581Y). Ludmila 
Včelařová was supported (in part) by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_020). 
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CONJUGATES IN VARIOUS PLANT SPECIES 

 

 

P. Hladík 1, A. Pencík 1, 2, A. Žukauskaite 1, M. Zatloukal 1, O. Novák 1 

1Laboratory of Growth Regulators, The Czech Academy of Sciences, Institute of 
Experimental Botany & Palacký University, Faculty of Science - Olomouc (Czech 
Republic), 2Department of Chemical Biology and Genetics, Centre of the Region 
Haná for Biotechnological and Agricultural Research, Faculty of Science , 
Palacký University - Olomouc (Czech Republic) 

 

 

ABSTRACT 

Plant hormones auxins are involved in many growth and development processes. For 
regular control of these processes, it is necessary to create local gradients of auxins 
within cells and tissues, which are mainly regulated by biosynthesis, polar transport 
and metabolism. The most important naturally occurring auxin indole-3-acetic acid 
(IAA) is mostly metabolized either by oxidation to 2-oxoindole-3-acetic acid (oxIAA), or 
by conjugation with sugars and amino acids. Both mechanisms, acting redundantly, 
play crucial role in regulation of IAA homeostasis. Primary oxidative catabolite oxIAA 
can be further conjugated with glucose to oxIAA glucose ester (oxIAA-Glc). Formation 
of oxIAA amino acid conjugates, mainly with aspartate, was demonstrated in several 
plant species. However, detailed information about endogenous levels of oxIAA-amino 
acid conjugates and their organ-specific distribution is missing. 
Phenylacetic acid (PAA), another naturally occurring auxin, was also reported to form 
conjugates with amino acids aspartate and glutamate. 
  
In this study we performed quantitative analysis of amino acid conjugates of IAA, oxIAA 
and PAA (with Ala, Asp, Gly, Glu, Leu, Phe, Trp and Val) in Arabidopsis and other 
plant species. Samples were prepared by in-tip solid phase microextraction and 
metabolites were then analyzed by optimized LC-MS/MS method. The study will 
provide better understanding of complexity of auxin degradation pathways in plants. 

  

This work was supported by the Czech Foundation Agency (GA17-21581Y). Pavel 
Hladík was supported (in part) by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_018). 
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IDENTIFICATION AND QUANTITATIVE MEASUREMENT OF PROTEINS OF 

BIOSYNTHESIS AND SIGNALING PLANT HORMONES CONCERNING APICAL 

DOMINANCE USING MRM ASSAYS BY MASS SPECTROMETRY 

 

H. Mori 1, R. Sato 1 

Bioagricultural Sceinces, Nagoya University - Nagoya (Japan) 

 
 

ABSTRACT 

Apical dominance is a phenomenon in which a terminal bud inhibits the outgrowth of 
axillary buds. Although involvement of auxin, which represses axillary bud outgrowth, 
and cytokinin (CK), which promotes axillary bud outgrowth, has been proposed, little 
is known about the underlying molecular mechanisms. To date, we demonstrated that 
auxin negatively regulates local CK biosynthesis in the nodal stem by controlling the 
expression level of PsIPT. Furthermore, before and several hours after decapitation, 
PsIPT, PsCKX, PsAD1, PsPIN1, PsYUC and PsBRC1 expressions were markedly 
increased and deceased in the nodal stem and axillary bud using analyses on qRT-
PCR. However, we cannot detect each protein change using Western blotting by each 
antibody because each protein content level was very low. Here, we have developed 
a highly sensitive analysis for protein identification and quantitative measurement of 
proteins based on multiple reaction monitoring (MRM) assays by mass spectrometry. 
Our method, depended on the report by Matsumoto et.al (Nature Methods, 14: 251, 
2017), comprised MRM assays of mass tag (mTRAQ)-labeled peptides to measure the 
abundance of target proteins using LC/MS/MS analysis coupled triple quadrupole 
mass spectrometer. We used the target sample tryptic peptides labeled by mTRAQ Δ0 
and recombinant or synthetic ones as the internal standard labeled by mTRAQ Δ4. 
Theses mTRAQ labeled peptides were combined and then analyzed MRM assay by 
mass spectrometry. As the result of this method, several proteins were detected and 
quantitatively measured. 
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HORMONAL HOMEOSTASIS DURING ARABIDOPSIS SEED DEVELOPMENT 

AND GERMINATION IS ALTERED IN A STEROL BIOSYNTHESIS MUTANT 

 

 

E. Akary 1, A. Frey 1, S. Citerne 1, F. Perreau 1, L. Lepiniec 1, A. Marion-
Poll 1, I. Debeaujon 1 

INRA Institut Jean-Pierre Bourgin - Versailles (France) 

 
 

ABSTRACT 

Sterols are important components of cell membranes and precursors for the 
biosynthesis of the plant-specific steroidal hormones brassinosteroids. Genetic 
analyses revealed essential roles for these lipids in plant development, growth and 
responses to biotic and abiotic stresses. They are present as free sterols (FS) and as 
conjugated forms, mainly steryl esters (SEs), steryl glycosides (SGs) and acyl steryl 
glycosides (ASGs). An Arabidopsis mutant affected in UGT80B1/TT15 sterol 3-ß-
glucosyltransferase has been shown to exhibit seed development defects and reduced 
seed dormancy. However the underlying mechanisms are still unclear. Here we show 
that the sensitivity of mutant seed germination to abscisic acid (ABA) and to the 
gibberellin biosynthesis inhibitor paclobutrazol was increased. In order to further 
understand this germination phenotype, the content of several endogenous hormones 
(ABA, JA-Ileu and SA) and flavonoid composition were determined in dry seeds. 
Moreover the occurrence of cotyledon differentiation defects in the mutant led us to 
look for potential perturbations in auxin metabolism using the auxin-sensitive DR5-
GUS reporter. Overall results will be presented and discussed with the aim to explain 
further the role of SGs and ASGs in seed hormonal homeostasis and physiology. 
 
Isabelle Debeaujon 
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HOW ARE CELLULAR AUXIN CONCENTRATIONS REGULATED? 

 

 

T. Alcock 1, R. Casanova-Sáez 2, K. Ljung 2, U. Voss 1 

1University of Nottingham - Sutton Bonington (United Kingdom), 2Umeå Plant 
Science Centre - Umea (Sweden) 

 
 

ABSTRACT 

Auxin is a key regulator of almost all aspects of plant development, including 
morphogenesis and adaptive responses. Auxin gradients are established and 
maintained by a tightly regulated interplay between homeostasis, signalling, and 
transport. Auxin can be inactivated by conjugation, but metabolic data suggest that 
auxin oxidation is the major auxin degradation pathway (1,2). We recently identified 
the two major auxin oxidising enzymes in the model plant Arabidopsis thaliana: 
DIOXYGENASE FOR AUXIN OXIDATION 1&2 (DAO1&2) (3,4,5). Preliminary data 
suggest that knocking-out DAO1 leads to only mild developmental defects including 
altered root hair morphology (4). Exploring the regulation and function of auxin 
degradation in Arabidopsis will answer how this novel clade of auxin degrading 
enzymes precisely regulates cellular auxin concentrations and thereby contributes to 
plant development and acclimatisation to abiotic stresses. 

  

1. Ljung, K. Physiologia plantarum 151, 1-2 (2014). 2. Pencik, A. et al. The Plant cell 
25, 3858-3870 (2013). 3. Voß, U. et al. Nat Commun 6, 7641 (2015). 4. Porco, S. et 
al. Proc Natl Acad Sci U S A 113, 11016-11021 (2016). 5. Mellor, N. et al. Proc Natl 
Acad Sci U S A 113, 11022-11027 (2016). 
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DISTINCT CHARACTERISTICS OF INDOLE-3-ACETIC ACID AND 

PHENYLACETIC ACID, TWO NATURAL AUXINS IN PLANTS 

 

 

H. Kasahara 1 

GIR, Tokyo University of Agriculture & Technology - Fuchu (Japan) 

 
 

ABSTRACT 

Auxin plays a central role in many aspects of plant growth and development. Indole-3-
acetic acid (IAA) is the most studied auxin and possesses the property of polar 
transport in plants. Phenylacetic acid (PAA) has also been recognized as a natural 
auxin, but its role in plant growth and development remains unclear. Recently, we 
demonstrated that IAA and PAA have overlapping regulatory roles and distinct 
transport characteristics as auxins in plants. PAA has been detected in numerous plant 
species. Although the biological activity of PAA is lower than that of IAA, the levels of 
PAA are much higher than IAA in most plant tissues. GH3 enzymes contribute to the 
regulation of IAA and PAA through amino acid conjugation in Arabidopsis, whereas the 
main PAA biosynthesis pathway in plants is still unknown. PAA and IAA can regulate 
the same set of auxin-responsive genes through the TIR1/AFB pathway. An important 
difference is that IAA actively forms concentration gradients in maize coleoptiles in 
response to gravitropic stimulation, whereas PAA does not. These results indicate that 
PAA is not transported in a polar manner. Based on these distinct properties, we 
propose that PAA may play a role in the maintenance of steady-state levels of auxin for 
the preservation of cellular activity in plants. 
 
Hiro Kasahara 
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CYP72C1 (SOB7) IS A KEY ENZYME RESPONSIBLE FOR BIOSYNTHETIC 

CONNECTION OF C29-BRASSINOSTEROIDS AND C28-BRASSINOSTEROIDS IN 

ARABIDOPSIS THALIANA. 

 

 

J.Y. Moon 1, J.H. Roh 1, C.W. Seo 1, Y.J. Park 1, S.K. Kim 1 

Department of Life Science, Chung-Ang University - Seoul (Korea, Republic of) 
 

ABSTRACT 

     The presence for homocastasterone has been demonstrated in A. thaliana. A crude 
enzyme solution prepared from Arabidopsis catalyzed 28-demethylation of 
homocastasterone to castasterone, indicating that the biosynthetic pathway to produce 
homocastasterone seems to be an alternative route to synthesize a bio-active 
brassinosteroid (BR), castasterone in Arabidopsis. To characterize the enzyme 
responsible for 28-demethylation of C29-BRs to C28-BRs, MBP fused BAS1 and SOB7 
known as BR 26-hydroxylase/26-demethylase were expressed and purified in E. coli. 
In the presence of CYP450 NADPH reductase, MBP-SOB7 successfully mediated 28-
demethylation of homoteasterone to teasterone, homotyphasterol to typhasterol and 
homocastasterone to castasterone, but MBP-BAS1 did not, suggesting that only SOB7 
has BRs 28-demethylase which is a key enzyme responsible for biosynthetic 
connection of C29-BRs and C28-BRs. SOB7 deficient mutant (sob7-1) showed a little 
reduced growth than wild type, implying that conversion of C29-BRs to C28-BRs plays 
a role in normal growth of Arabidopsis. Interestingly, seedlings of sob7-1 showed 
curled primary roots with more lateral roots than those in wild type roots. In addition, 
expression of ACC oxidase1 and ACC-induced ethylene production were greatly 
increased in roots of sob7-1 than those in wild type. These suggest that abnormal 
growth and development of sob7-1 roots seems to be induced by enhancement of 
ethylene production, most likely activated conversion of ACC to ethylene. 

* This work was supported by the National Research Foundation of Korea (No. NRF-
2018R1D1A1B07043928) and the Next-Generation BioGreen 21 Program (No. 
PJ01320801), in Republic of Korea. 
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THE PLANT OBSERVATORY- CHEMISTRY, METABOLISM: A PLATFORM FOR 

PLANT HORMONE MEASUREMENT AND IDENTIFICATION 

 

 

S. Boutet-Mercey 1, S. Citerne 1, C. Rameau 1, F.D. Boyer 1, 2, G. Mouille 1, 
F. Perreau 1 

1IJPB, INRA, AgroParisTech, CNRS, Université Paris-Saclay - Versailles 
(France), 2Centre de Recherche de Gif, ICSN, UPR2301 CNRS  

 

ABSTRACT 

The development of functional genomics, integrative biology and quantitative genetics 
in plant models has given rise to growing needs in analytical chemistry. Our Plant 
Observatory platform addresses these needs and takes full advantage of being 
immersed in the Jean-Pierre Bourgin Institute (IJPB, INRA, Versailles, France). The 
scientific environment dedicated to plant physiology and functional genomics 
approaches enables us to work in close interaction with biology groups at local, 
national and international levels. Our platform focuses on 3 research themes, 1- 
biomass study, 2- primary and secondary metabolism and 3- plant hormones and other 
signalling molecules. 

One major asset of our platform is the development of reliable quantification methods 
of the main plant hormones and their conjugates, based on mass spectrometry. 
Examples of quantifications that turned out to be crucial for plant research projects will 
be presented. Successful development of strigolactone quantification methods using 
new isotopically-labelled standards will be highlighted. We also work on the structural 
identification of new hormone-like signals. Our strategy used to screen known and 
unknown strigolactones will be shown. 
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CYTOKININ N-GLUCOSIDES: GENESIS, ACTIVITY AND FATE 

 

 

T. Hluska 1, E. Pokorná 1, P. Dobrev 1, T. Hallmark 2, L. Doležálková 3, R. 
Filepová 1, A. Rashotte 2, V. Motyka 1 

1The Czech Academy of Sciences, Institute of Experimental Botany, Laboratory 
of Hormonal Regulations in Plants - Prague (Czech Republic), 2Department of 
Biological Sciences, Auburn University - Auburn (United States), 3Charles 
University in Prague, Faculty of Biochemistry - Prague (Czech Republic) 
 

ABSTRACT 

Cytokinins (CKs) are plant hormones involved virtually in all physiological processes 
in plants. Thus their levels must be tightly regulated. Besides biosynthesis and 
irreversible degradation, other option to modulate CK activity is their conjugation. While 
O-glucosides are regarded as reversible storage forms, N-glucosides are considered 
to be irreversible inactivation products. 

However, there is growing body of evidence that CK N-glucosides exert CK activity. 
Thus, 100 µm tZ9G retains ca. 77 % of initial chlorophyll content in oat detached leaves 
in dark, which is similar level as after treatment with tZ at the same concentration. 
Similar activity was found for DHZ9G, but not for tZ7G and DHZ7G. Upon treatment 
with tZ N-glucosides, the oat segments accumulate mainly tZ and corresponding 
glucoside of DHZ, additionally to the compound used for treatment. Further, tZ9G and 
to lesser extent also tZ7G, inhibited root growth of maize, but not of Arabidopsis. 

On molecular level, both tZ9G and tZ7G were able to influence expression of CK 
responsive genes in maize, including several IPT genes. Yet, neither of the glucosides 
was able to activate or bind to any of tested CK receptors in bacterial activation assay. 

Possible mechanisms of action of the CK N-glucosides will be discussed. Experiments 
with labelled CK N-glucosides are currently ongoing to differentiate CK N-glucoside 
hydrolysis and de novo biosynthesis. In addition, a fast method for determination of 
activity of CK N-glucosides converting enzymes using CKX-linked reaction will be 
described. 

[Supported by the Czech Science Foundation (19-12262S)]. 
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TARGETED PLANT HORMONE ANALYSIS IN SORTED CELL POPULATIONS – 

METHOD DEVELOPMENT 
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Šlechtitelu 27, CZ-783 71, Olomouc, Czech Republic - Olomouc (Czech Republic) 

 
 

ABSTRACT 

Plant hormones are signalling molecules and acting as chemical messengers they are 
involved in all plant developmental processes. The occurrence and the levels of these 
compounds strongly depend on plant organ, age, developmental stage and 
environmental conditions. Plant hormones are an extremely large family of diverse 
compounds which could be divided into several structurally different groups such as 
purine and indole derivatives, plant steroids, lipid-based substances and terpenoid 
carboxylic acids. A common characteristic for all these substances is their low 
abundancy in plant tissues (10-10 – 10-15 mol/g fresh weight). Thus, their direct 
quantification in very complex plant extracts poses a challenging analytical task. 

In this study, we focus on development and establishment of a new fast protocol 
including both extraction and analysis of multiple compounds from several plant 
hormone groups (cytokinins, auxins, salicylates, abscisates and jasmonates) in sorted 
cell populations. Utilization of fluorescent-activated cell sorting, with combination to 
liquid-liquid extraction, followed by in-tip solid phase purification and sensitive ultra-
high performance liquid chromatography-tandem mass spectrometry (UHPLC-
MS/MS) should enable us to carry out this analysis in very small samples, counting 50 
000 to 200 000 cells. Using this newly developed approach we expect to gain a broader 
insight to plant hormone homeostasis with emphasis to precise localization of these 
compounds in specific tissues (e.g. founder cells, QC). 
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SUBCELLULAR PHYTOHORMONE MAPPING IN ARABIDOPSIS BASED ON MFAOS 

TECHNIQUE 

 

V. Skalický 1, I. Antoniadi 2, M. Kubeš 3, 4, K. Ljung 2, O. Novák 1, 2 

1Laboratory of Growth Regulators, The Czech Academy of Sciences, Institute of 
Experimental Botany & Palacký University, Faculty of Science - Olomouc (Czech 
Republic), 2Umeå Plant Science Centre, Department of Forest Genetics and Plant 
Physiology, Swedish University of Agricultural Sciences - Umeå (Sweden), 
33Department of Chemical Biology and Genetics, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Faculty of Science, Palacký University, 
Olomouc, (Czech Republic) - Olomouc (Czech Republic), 4School of Life Sciences, The 
University of Warwick - Coventry (United Kingdom) 
 

ABSTRACT 

Auxins and cytokinins are two major families of phytohormones which control and regulate 
most aspects of plant growth, development and plasticity. Their plant organ or tissue 
distribution is already well described but the importance of cell-type specific phytohormone 
homeostasis is still under intense investigation. Furthermore, distinct localization of 
transporters, receptors and enzymes related to auxin and cytokinin homeostasis maintenance 
suggests control of their allocation at the subcellular level. Gaining knowledge on the 
intracellular distribution of both phytohormones can enable us deeper understanding in 
homeostasis maintenance and spatial-temporal signalling on cellular and organelle level. 
Therefore, we are introducing multi-Fluorescence-Assisted Organelle Sorting (mFAOS), the 
innovative subcellular compartment separating technique based on principles of flow 
cytometry. Combination of the highly accurate mFAOS with the sensitive mass spectrometry-
based method provides a unique approach for an organelle specific phytohormone profiling. 
Our results indicate potential to sort five different intact organelle populations based on the 
compartment-specific fluorescence parameters while monitoring organelle condition changes. 
Control experiments showed that neither sorting nor application of fluorescent dyes caused 
significant changes in both auxin and cytokinin profiles. Due to the high resolution and fraction 
purity of mFAOS, we also expect further use of this method for other -omics approaches. 

This work was supported from ERDF project "Plants as a tool for sustainable global 
development" (No. CZ.02.1.01/0.0/0.0/16_019/0000827), by the Czech Foundation Agency 
(GA17-21581Y), and by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_018). Vladimír Skalický was partially supported by the Endowment fund of 
Palacký University in Olomouc. 

 
Skalický Vladimír 
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2, H. Sakakibara 1, M. Matsuoka 1, M. Ueguchi-Tanaka 1 

1Nagoya University - Nagoya (Japan), 2Nat. Ins. of Genetics - Mishima (Japan) 

 
 

ABSTRACT 

Gibberellins (GAs) are essential for regulation of many developmental processes in 
plants such as seed germination, stem elongation and pollen development. Rice has 
two GA 3-oxidase genes, GA 3-oxidase 1 (OsGA3ox1) and GA 3-oxidase 2 
(OsGA3ox2). OsGA3ox2 is expressed in various organs and the knockout mutant is 
dwarf. On the other hand, OsGA3ox1 is expressed only in reproductive organ. 
However, to date, ga3ox1 knockout mutant has not been isolated and its phenotypes 
have not been revealed. Here, we generated ga3ox1 knockout mutant plants with 
using CRISPR/Cas9 system, and revealed that they showed short anther filament, no 
opening flower, and poor accumulation of starch in pollen grains. As a result, they were 
completely sterile. Furthermore, we measured the enzymatic activities of OsGA3ox1 
and OsGA3ox2, indicating that OsGA3ox1 produces larger amount of highly stable 
bioactive GA, GA7 than OsGA3ox2 does. Together, we concluded that the biosynthesis 
of GA7 by OsGA3ox1 in reproductive organ is important for fertilization in rice. This 
work was partially supported by Grant-in-Aid for Scientific Research on Innovative 
Areas. 
 
  

POSTER PRESENTATION 



 

20 

P100 

 

INNOVATIVE, EFFECTIVE, ROBUST, FAST AND CHEAP PURIFICATION OF 

PHYTOHORMONES USING DISPERSIVE SOLID PHASE EXTRACTION 

 

 

I. Petrík 1, 2, A. Valnícková 1, K. Ljung 3, M. Strnad 1, O. Novák 1, 3 
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Olomouc (Czech Republic), 3Umeå Plant Science Centre, Department of Forest 
Genetics and Plant Physiology, Swedish University of Agricultural Sciences, 901 
83 - Umeå (Sweden) 

 

ABSTRACT 

Cytokinins and auxins are naturally occurring plant growth regulators. They play an 
important role in controlling growth and developmental processes in plants. Similarly 
to other phytohormones, their concentrations in plant tissues are usually very low (pmol 
per gram of fresh weight). Therefore, their identification and quantification are based 
on highly sensitive analytical approaches, such as an ultra-high performance liquid 
chromatography coupled with a tandem mass spectrometry (LC-MS/MS). Moreover, 
sample preparation, especially removal of salts and isolation of analytes from a 
complex plant matrix, is the most critical procedure to achieve high quality data. For 
many years, the purification of cytokinins and auxins has been based on a well-
established solid phase extraction (SPE). However, a dispersive SPE (dSPE) has been 
introduced a few years ago as an effective and robust approach for isolation of a wide 
range of analytes. In the contrast with conventional SPEs, this technique uses free 
solid phase particles dispersed in a liquid crude sample extract. We tested dSPE as 
an innovative, fast and cheap approach to purifying selected phytohormonal groups 
(cytokinins and auxins). Our work has been mainly focused on investigation of the main 
parameters contributing to the extraction efficiency compared to the conventional SPE 
technology. 

This work was supported by the Ministry of Education, Youth and Sports of the Czech 
Republic (European Regional Development Fund-Project ‘Centre for Experimental 
Plant Biology’ no. CZ.02.1.01/0.0/0.0/16_019/0000738) and the Internal Grant Agency 
of Palacký University (IGA_PrF_2019_020). 
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Laboratory, Institute of Experimental Botany ASCR, Vídenská 1083,14220 - 
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ABSTRACT 

Purine derivatives are widespread and highly biologically active compounds, playing 
diverse roles in many different physiological and developmental processes, not only in 
plants. Among them, cytokinins (CKs) are naturally occurring substances in plants, 
essential for cell division, plant growth regulation anddevelopment. They are typically 
found at minute concentrations in plant tissues containing very complicated biological 
matrices. Therefore, defined standards labelled with stable isotopes are required for 
precise metabolic profiling and quantification of CKs, as well as for example in vivo 
elucidation of CK biosynthesis in various plant species. 

Compared to current methods, optimized syntheses of 6-amino-9H-[15N5]-purine 
(adenine), 6-chloro-9H-[15N4]-purine (6-chloropurine) and [15N4]-2,6-dichloropurine, an 
important starting compounds, were performed to achieve more effective, selective 
and generally easier approaches. By subsequent reaction of [15N4]-6-chloropurine or 
[15N4]-2,6-dichloropurine with appropriate amines, six [15N4]-core substituted aromatic 
CKs, three [15N4]-core substituted isoprenoid CKs and one [15N4]-core substituted 
inhibitor of enzyme cytokinin oxidase/dehydrogenase (CKX) were prepared. The 
chemical identity and purity of prepared compounds were confirmed sufficient for 
further applications by physico-chemical analyses (TLC; HRMS; HPLC–MS; 1H, 13C, 
15N NMR). The presented approach is applicable for the synthesis of any other desired 
[15N4]-labelled C6-substituted purine derivatives.      

This work was financially supported by the Ministry of Education, Youth and Sport of 
the Czech Republic, ERDF project entitled “Development of Pre-Applied Research in 
Nanotechnology and Biotechnology” (No. CZ.02.1.01/0.0/0.0/17_048/0007323) and 
IGA_PrF_2019_018 from Palacký University of Olomouc, Czech Republic. 
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ABSTRACT 

The phytohormone auxin is a major regulator of many root developmental processes 
whose eventual manipulation will rely on a better understanding of its homeostasis. 
Auxin homeostasis builds upon an intricate balance of biosynthesis, transport, 
conjugation, and degradation not completely understood(1). 

Bioactive indole-3-acetic acid (IAA), the main auxin form, is metabolically inactivated 
mainly by (1) conjugation to amino acids (IAA-aa) by members of the GH3 amido 
synthetases(2); (2) oxidation to 2-oxoindole-3-acetic acid (oxIAA) by members of the 
DIOXYGENASE FOR AUXIN OXIDATION (DAO) family(3); and (3) conjugation to 
sugars as glucose (IAA-glc) by members of the UDP-glucosyltransferases (UGT) 
superfamily(1). 

Among vegetative tissues, roots have the greatest levels of IAA-glc(3). Previous reports 
demonstrated the in vitro activity of UGT84B1 towards IAA glycosylation(4). Moreover, 
plants overexpressing UGT84B1 showed high levels of IAA-glc with pleiotropic 
defects(5). In spite of that, the in silico expression pattern of UGT84B1, restricted almost 
exclusively to reproductive tissues, suggest that other members of the UGT family are 
conjugating glucose to IAA in roots. 

We have made an extensive analysis of publicly available genome-wide experiments 
looking for putative biologically relevant IAA UDP-glycosyltransferases in roots. 
UGT76E5 stands out among other members of the family because of its fast 
upregulation in response to relatively low concentrations of exogenous IAA. We are 
conducting several experiments including CRISPR-Cas9 to knock-out groups of UGT 
paralogs, and IAA metabolic profiling to find the main IAA UGT in vivo. 

(1)Ljung (2013); (2)Staswick et al. (2005); (3)Porco et al. (2016); (4)Jackson et al. (2001); 
(5)Jackson et al. (2002). 
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ABSTRACT 

      Gibberellins (GAs) are plant hormones that play a key role in plant growth and 
development, including seed germination, stem and root growth, flower induction. In 
the major catabolic pathway for GAs, GA2-oxidases (GA2ox) acts by a 2β-
hydroxylation reaction. GA2oxs belong to group of 2-oxoglutarate-dependent 
dioxygenases. 
      We show here that a crystal structure of OsGA2ox3 complexed with 2-oxoglutarate 
and substrate GA4 was revealed. In overall structure, disulfide-linked dimer have taken 
tetramer structure of two side-by-side dimer. GA4 was present at each of active site of 
OsGA2ox3. Surprisingly, GA4 was also observed between the dimer and the dimer. 
The present study aimed to clarify the relationship between the formation of tetramer 
structure and the enzyme activity. Gel filtration and BiFC analysis detected GA4-
dependent tetramer formation. Moreover, we separated a tetramer and monomer 
structure by gel filtration and calculated their enzyme activity. These data provide an 
idea that the GA4-dependent tetramerization of OsGA2ox3 enhanced both the affinity 
for substrate and the reaction rate.  
     This work was partially supported by a Grant-in-Aid for Scientific Research on 
Innovative Areas. 
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ABSTRACT 

Cytokinin homeostasis is controlled by multiple metabolic pathways, including the 
catabolic degradation of the hormone governed by the cytokinin 
oxidase/dehydrogenase (CKX) proteins. Recently, we have identified specific protein-
protein interactions between CKX and heavy metal-associated isoprenylated plant 
proteins (HIPPs) from Arabidopsis. These plant-unique proteins of largely unknown 
functions have been previously defined by the occurrence of a metal ion-binding 
domain and a C-terminal prenylation site. Interestingly, a subgroup of phylogenetically 
related HIPP proteins interacted specifically with CKX proteins, which localize to the 
ER and secretory system in Arabidopsis. Intriguingly, GFP-HIPP fusion proteins 
localized mainly to the cytoplasm, nucleus and plasmodesmata. However, the 
conducted BiFC assays indicated strong CKX-HIPP complex formation at the cortical 
and perinuclear ER as well as in the cytosol and nucleus. Since our previous work has 
demonstrated that the secretory CKXs undergo degradation in the cytosol by the 
proteasome-dependent ER-associated degradation (ERAD) pathway, the presented 
data indicate that CKX detected in the complex with HIPP represents a protein species 
that was relocated to the cytosolic site of the ER membrane. Therefore, we propose 
that the isolated HIPP proteins play a role during retrotranslocation of CKXs from the 
ER or function in post-retrotranslocation steps of ERAD. Data obtained from the HIPP-
overexpressing plants generally corroborated this idea. 
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ABSTRACT 

 Rice Gibberellin 3-oxidase 1 (OsGA3ox1) is expressed in anthers, which catalyzes 
the final step of GA biosynthetic pathway. The ga3ox1 mutant exhibited the shortened 
filaments, the closed glumes and no accumulation of starch in pollen grains, resulting 
in sterile. In this study, we tried to clarify the reason why the decrease of bioactive GAs 
courses the low accumulation of starch in pollen grains. We defined the five stages of 
rice panicles and collected anthers from ga3ox1 mutant and WT on each stage. The 
starch was isolated from each sample and the amount of starch was measured. In WT, 
the starch content gradually increased in early stages and rapidly increased in 4th and 
5th stages, while scarcely increased in ga3ox1 mutant. Considering together that the 
expression of OsGA3ox1 showed the maximum in 4th stage of pollen, bioactive GAs 
synthesized in pollen grains might direct regulate its starch accumulation. Therefore, 
to identify the downstream targets of OsGA3ox1, we performed RNA-Seq using RNA 
from ga3ox1 mutant and WT anthers on each stage. Now, we are analyzing gene 
expression. 

This work was partially supported by Grant-in-Aid 
for Scientific Research on Innovative Areas. 
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ABSTRACT 

Cytokinins occur as a diverse range of compounds in plants, yet cytokinin forms are 
simplistically categorized by structure into active and inactive forms. N-conjugation, or 
the addition of a glucose at the N7 or N9 position of a cytokinin, changes it into an N-
glucoside form in an irreversible reaction. Over the last 30 years cytokinin N-glucosides 
such as trans-Zeatin 7G and 9G (tZ7G and tZ9G) have largely been thought of as 
compounds with little to no activity, despite some early examinations revealing these 
compounds to have activity in some bioassays. This is important as N-conjugates are 
routinely present at levels 50X greater than their active forms and can compose up to 
75-80% of cytokinins in a plant. Here we reinvestigate the role of cytokinin N-
glucosides as potentially active cytokinin compounds in Arabidopsis and tomato using 
a range of cytokinin bioassays, the cytokinin reporter line pTCSn, qPCR of cytokinin 
regulated transcripts, and transcriptome analysis of plants treated with tZ7G and tZ9G. 
We also examined cytokinin functionality in lines with altered endogenous levels of 
cytokinin N-conjugates: an UGT76C1/2 double knockout and a UGT76C2 
overexpression line. These findings indicate tZ7G and tZ9G are able to function with 
standard cytokinin activity in some instances. Interestingly, transcriptome analysis of 
Arabidopsis seedlings treated with tZ7G and tZ9G revealed transcriptional effects that 
are largely unique from that of trans-Zeatin. Plants with altered endogenous levels of 
N-conjugates also indicate roles for cytokinin-N-glucosides in overall plant growth and 
development, specifically seed production and senescence. 
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ABSTRACT 

The phytohormone auxin plays a critical role in plant growth and 
development. Maintenance of auxin homeostasis involves a complex interaction 
between biosynthesis, conjugate formation and hydrolysis, catabolism and 
transport. Despite significant progress in elucidating metabolic pathways of the primary 
bioactive auxin, indole-3-acetic acid (IAA), over the past few decades, key components 
such as intermediates and enzymes have not been fully characterized, and the 
dynamic regulation of IAA metabolism in response to environmental signals has not 
been completely revealed. Using a highly sensitive and selective high resolution mass 
spectrometric method, we identified auxin-amino acid conjugates in achenes of F. 
vesca as consisting of indole-3-acetylaspartate (IAasp) and indole-3-acetylglutamate 
(IAglu). In contrast to what has been proposed to occur in Arabidopsis, we determined 
that IAasp and IAglu are hydrolyzed by seedlings to provide a source of free IAA for 
growth. We are also developing methods to survey Arabidopsis seedlings for their 
changing indolic profile under different growth conditions. A rapid stable isotope 
labeling approach will allow for tracing the turnover rates of essentially all IAA 
precursors with a time scale of seconds to minutes. The path of carbon from precursor 
to intermediate pools are then followed and analyzed. With this approach, all indolic 
compounds will be identified and quantified concurrently. These metabolic analyses 
will provide insight into novel intermediates or new pathways involved in the IAA 
metabolic network. 
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ABSTRACT 

Alternative splicing (AS) is an important post transcriptional regulation occurring in 
majority of plant genes. Only few AS events have been functionally characterized in 
hormonal pathways, because large proportion of AS is perhaps transcriptional noise 
or result of aberrant mRNA processing. As evolutional conservation of particular AS 
event closely correlates with its functional relevance, we created a machine learning 
algorithm which assesses the conservation of AS among 138 plant species available 
in RefSeq database. We analysed ~200 Arabidopsis genes involved in hormonal 
pathways and found that 17 of them are conserved outside the Brassicaceae family. 
We selected two with highly conserved AS events for further characterization: protein 
phosphatase ABA INSENSITIVE 2 (ABI2) and brassinosteroid synthesis gene 
DWARF4 (DWF4). In both cases AS generates truncated proteins lacking the catalytic 
domains required for their activity. To monitor AS of these genes in vivo, we 
constructed dual fluorescent reporters by introducing both GFP and RFP 
simultaneously into the genomic sequence. In both cases, AS does not alter 
subcellular localization of resulting proteins. Our data also show that both splice 
variants of ABI2 are expressed uniformly in the A. thaliana root tip under normal 
conditions. In contrast, the main DWF4 isoform is expressed in the elongation zone of 
the root tip, while the alternative version of the protein has been detected largely in the 
root meristem. Thus, our data highlight the importance of alternative splicing in 
hormonal pathways and its possible impact on plant development. 
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ABSTRACT 

Phytohormones are small molecules controlling various growth and development 
processes in plants. They are present in plant tissue at very low concentrations and 
moreover the complex plant matrix causes strong matrix effects during their analysis. 
To overcome these challenges the purification of the plant extracts is a necessary step. 
The sample purification by commercially available solid phase extraction columns is a 
common approach requiring rather higher amounts of plant tissue (20 mg of fresh 
weight) and its performance in larger scale is time consuming. 

A simple high-throughput sample preparation method for extraction and purification of 
acidic phytohormone classes: auxins, jasmonates, salicylates and abscisates 
(altogether 24 compounds) in minute plant tissues (less than 2.0 mg of fresh weight) 
was optimised and validated. The method involves sample extraction in acidified 
aqueous methanolic solution and subsequent purification by house made in-tip micro 
solid phase extraction (microSPE). Our new microSPE method is suitable for 
determination of selected acidic phytohormones in larger number of samples by a fast 
chromatography-tandem mass spectrometry analysis. 

The work was supported from ERDF project "Plants as a tool for sustainable global 
development" (No. CZ.02.1.01/0.0/0.0/16_019/0000827). The Czech Science 
Foundation (project no. 19-10464Y) is also gratefully acknowledged. 
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ABSTRACT 

The plant hormone ethylene plays a role in many developmental processes and 
responses towards stresses. Past research has relied on genetic screens of mutants 
to unravel the ethylene biosynthesis pathway. However, little is known about the 
regulation of ACC oxidase, the final step of ethylene biosynthesis. 

Using reciprocal BLAST searches, we have collected putative ACO protein sequences 
from different plant species. Based on sequence similarity, we were able to divide the 
ACO family into three distinct groups. We have performed a biochemical and 
phenotypic characterization of the different aco T-DNA lines in Arabidopsis. We found 
several dark and light phenotypes indicating that the ACO family is developmentally 
regulated. These mutants showed different levels of reduced ethylene production in 
dark grown seedlings. 

An EMS genetic screen was performed in the ethylene overproducing mutant 
(eto1eol1eol2) background. We screened for ethylene insensitive mutants using the 
Arabidopsis triple response phenotype, several candidate mutants were retrieved. 
These putative mutants were treated with ethylene gas to eliminate ethylene signaling 
mutants. Twelve novel mutants were discovered. 

We are also exploiting the availability of the 1135 genomes of natural accessions of 
Arabidopsis thaliana by means of a Genome Wide Association Study. A subset of >200 
accessions has been screened for ethylene production using 4-day-old dark-grown 
seedlings. We use the natural genetic variability to link ethylene production capacity to 
different SNPs in the genome. These SNPs and the EMS mutants will allow us to 
identify novel regulators of ethylene biosynthesis. 
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ABSTRACT 

Strigolactones (SLs) are multifunctional phytohormones that inhibit shoot branching in 
plants, stimulate seed germination of root parasitic plants and induce hyphal branching 
of arbuscular mycorrhizal fungi. The canonical SLs consist of the ABC-ring system 
connected to the methylbutenolide D ring via an enol-ether bridge, and are divided into 
two groups, strigol-type having a β-oriented C ring and orobanchol-type having an α-
oriented C ring. Sorghum is an important cereal crop, but suffers serious yield losses 
due to the major host of the root parasitic plant Striga hermonthica. Mutation in 
sorghum LOW GERMINATION STIMULANT 1 (LGS1) alters the SL composition to 
orobanchol-type from strigol-type and results in Striga resistance (Gobena et al., 
PNAS, 2017). LGS1 encodes a sulfotransferase-like protein, but its enzymatic function 
has not been demonstrated. In this study, we investigated the enzymatic function of 
LGS1. To find a candidate as an LGS1 substrate that must be accumulated in 
the lgs1 mutant, we analyzed SLs in the root exudates of WT and the lgs1 mutant 
using LC-MS/MS. As a result, the accumulation of a putative SL precursor was found 
in the lgs1 mutant compared with that in WT. Then, we incubated the candidate 
substrate with recombinant LGS1 proteins expressed in E. coli and Nicotiana 
benthamiana, and detected several metabolites when the sulfate donor PAPS was 
added. 
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ABSTRACT 

Cytokinin (CK) is one of the phytohormones necessary for plant growth and 
development. Structure of CKs is diverse, but commonly occur as an adenine moiety 
with an isoprene side-chain attached to the amino group. This structural diversity is 
crucial to qualitatively regulate the efficacy of CK action. Rhodococcus fascians is a 
phytopathogen infecting a wide range of plant species, inducing an abnormal cell 
proliferation, finally resulting in a malformation, known as leafy gall. The virulence of 
R. fascians is determined by the fasciation (fas) locus, encoding several genes with 
sequence homology to CK biosynthesis and degradation enzymes. Previous studies 
imply that the fas locus genes produce novel CK-like molecules having extended side-
chain modifications, but the final molecular structure and biological function are still 
unknown. Our study aims to elucidate the biosynthesis pathway and function of novel 
CKs produced by R. fascians. Our results showed that some of the fas enzymes and 
adjacently encoded two methyltransferases cooperatively produce CK with extended 
side-chain modification, which are recognized by the CK receptor. These novel 
compounds might be involved in another qualitative regulation of CK action to promote 
abnormal cell proliferation by the phytopathogen.  
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ABSTRACT 

Development of adventitious roots from stem cutting is an important trait in 
ornamentals and woody plants which provides a powerful tool for clonal propagation. 
Dyospyros virginiana, a common persimmon rootstock, is a difficult-to-root species. 
We screened clones which originated from rootstocks propagated from seeds for 
rooting potential following an induction treatment with indole-3-butyric acid (IBA). The 
various clones exhibited a wide range of rooting rates from difficult-to-root clones to 
easy-to-root clones, as well as clones with intermediate rooting capacity, suggesting 
that the rooting capacity is determined by the clone genotype. The rooting potential of 
the easy-to root clones was highly affected by the collection date of the cutting. While 
easy-to-root clone cuttings collected at the beginning of the growing season (June) 
exhibited high rooting capacity, cutting collected from the same clone, at the end of the 
growing season (August), failed to root. Anatomy studies showed that non-rooting 
cuttings fail to root due to inhibition of root primordium initiation. We further explored 
the mechanisms regulating root primordium initiation in D. virginiana cuttings by auxin 
homeostasis analyses and comparative transcriptome studies. Our results suggest 
that the rate of auxin metabolism varies between easy and difficult-to-root clones as 
well as between easy-to-root clones collected at different dates, with non-rooting 
cuttings exhibiting a higher rate of auxin metabolism. 
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ABSTRACT 

Indole-3-acetic acid (IAA) is the main auxin and plays pivotal roles in intercellular 
communication through polar auxin transport. Phenylacetic acid (PAA) is another 
natural auxin that does not show polar movement. Although a wide range of species 
have been shown to produce more PAA than IAA, its biosynthesis, inactivation and 
physiological significance in plants are largely unknown. Here we present that 
overexpression of the CYP79A2 gene, which encodes a cytochrome P450 
monooxygenase, remarkably increased the levels of PAA and enhanced lateral root 
formation in Arabidopsis. CYP79A2 is also implicated in benzyl glucosinolate 
biosynthesis via the shared intemediate phenylacetaldoxime (PAOx). Additionally, the 
expression levels of GH3 genes, which encode auxin-amino acid conjugate synthases, 
were elevated and the amounts of PAA- and IAA-amino acid conjugates were 
increased in CYP79A2-induced plants. Interestingly, the levels of IAA were significantly 
reduced in these plants. These results suggest that PAA induction of GH3 genes can 
inactivate IAA to balance the endogenous levels of the two auxins. In contrast, 
overexpression of CYP79B2, which is involved in indole glucosinolate biosynthesis, 
selectively increased the levels of IAA, but not PAA. The CYP79B2-induced plants also 
had enhanced lateral root formation. Our results indicate that CYP79A2 is capable of 
contributing to PAA synthesis via the PAOx pathway and that the concentrations of two 
distinct auxins are coordinately regulated by GH3 genes in Arabidopsis. 
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ABSTRACT 

Phytohormone abscisic acid (ABA) induces stomatal closure and drought tolerance, 
when endogenous ABA levels are increased in response to drought stress. The 
endogenous levels are controlled by coordinate regulation between biosynthesis and 
catabolism. The key enzyme of ABA catabolism is an ABA 8’-hydroxylase, which is 
encoded by CYP707A family. CYP707As are widely conserved across land plants, and 
Arabidopsis has 4 genes (CYP707A1−4). In this study, we examined detail phenotypes 
in 4 kinds of triple mutants and a quadruple mutant disrupted all genes in order to clear 
the physiological functions of CYP707A. All triple and quadruple mutants showed more 
drought tolerant than wild type. Especially, specific genotype mutants, which were 
disrupted both CYP707A1 and CYP707A3, accumulated more ABA and repressed 
more transpirational water loss. These results suggest that CYP707A1 and CYP707A3 
have physiological function for stomatal opening by decreasing of ABA. On the other 
hand, although quadruple mutant showed remarkable drought tolerant and bigger plant 
size, unfortunately, seed productivity in the mutant was drastically decreased. Hence, 
this result implies that CYP707A has an essential role for effectively making seeds in 
angiosperms. Taken together, our study suggest that drought tolerance crops might 
be able to generate by disrupting not all but specific CYP707As. 
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ABSTRACT 

Strigolactones (SLs) are a class of phytohormones regulating shoot branching and 
mediating symbiotic and parasitic communication in the rhizosphere. Natural canonical 
SLs consist of a tricyclic lactone ring system (ABC-ring) connected to a 
methylbutenolide (D-ring) via an enol ether bridge. Canonical SLs are categorized into 
a strigol or orobanchol family based on the BC ring configuration. In rice, Arabidopsis 
MAX1 homologs catalyze conversion of carlactone to 4-deoxyorobanchol (4DO) via 
carlactonoic acid and 4DO to orobanchol. However, no reports exist on enzyme-
catalyzed production of strigol family SLs, including sorgomol found in sorghum. In the 
present study, we investigated the genes involved in the conversion of 5-deoxystrigol 
(5DS) to sorgomol. 

We probed genes encoding sorgomol synthase, which introduces a hydroxy group at 
C-9 of 5DS, by transcriptome analysis in sorghum roots. Some genes co-expressed 
with known SL biosynthesis genes were heterologously expressed in E. coli. As a 
result, a recombinant cytochrome P450 enzyme (CYP-SM), converted 5DS to 
sorgomol in vitro. Investigation of substrate specificity toward four 5DS stereoisomers 
demonstrated that CYP-SM converted 5DS and 2’-epi-5DS to sorgomol and 2’-epi-
sorgomol, respectively, with comparable conversion rates and negligible conversion of 
their enantiomers, indicating that the 8bS configuration in the C-ring is essential for the 
activity. This substrate preference was consistent with high conversion of administered 
5DS stereoisomers in sorghum plants. Moreover, CYP-SM overexpressed Lotus 
japonicus hairy roots produced sorgomol using internal 5DS as a substrate. This 
represents the first report of an enzyme catalyzing structure diversification in strigol 
family SLs. 
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ABSTRACT 

Abscisic acid (ABA) is a plant hormone that suppresses seed germination. ABA is 
metabolized when seeds are imbibed in water under the suitable conditions for growth, 
and germination is promoted by decreasing endogenous ABA levels. However, it has 
not been clarified how the amount of ABA actually changes in each organ, such as 
testa, cotyledon, plumule, hypocotyl, and radicle of the seeds. This is because the ABA 
contents in these organs are too small to quantify with the conventional analytical 
techniques. We have developed a highly sensitive and specific analytical method for 
ABA with which we can quantify ABA from 0.01 mg of plant organs. In the four legume 
plants tested, soybean, kidney bean, chickpea and broad bean, the ABA content in 
plumule was larger than that in other organs, and it decreased significantly after water 
imbibition. The ABA contents in testa and cotyledon were much smaller than those of 
plumule, hypocotyl, and radicle, and hardly changed after water imbibition. When seed 
germination was suppressed by saturated saline solution, the ABA content of plumule 
did not decrease. These results suggest that the reduction of ABA contents in plumule 
is important in regulation of seed germination at least in these legume plants. 
 
Changes in the amount of ABA(ng/mg) in kidney bean 
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ABSTRACT 

Gibberellins (GAs) are a class of plant hormones and regulate diverse aspects of plant 
growth and development. In rice, EUI/CYP714D1, a cytochrome P450 
monooxygenase, catalyzes 16α,17-epoxidation of non-13-hydroxylated GAs to 
deactivate them. However, 16α,17-epoxy GAs have not been identified from plants. 
The uppermost internode of the eui mutant elongates more than that of wild-type plants 
because of the accumulation of GA4, a bioactive GA. Recently, the eui2 mutant, which 
shows a weaker phenotype than the eui mutant, was isolated. The eui eui2 double 
mutant shows the same phenotype as the eui mutant, and the EUI2 gene encodes a 
putative epoxide hydrolase. Therefore, EUI2 has been speculated to act downstream 
of EUI to catalyze the hydrolysis of 16α,17-epoxy GAs. Here, we elucidated the EUI2 
function in the rice GAs metabolism. First, we revealed that the recombinant EUI2 
protein converted 16α,17-epoxy GAs into 16α,17-dihydroxy GAs. Next, we have 
established the analysis method for 16α,17-epoxy GA4 using LC-MS/MS, and then we 
measured endogenous levels of it as well as other GAs in the uppermost internodes. 
16α,17-epoxy GA4 accumulated in the eui2 mutant, but not detected from wild-type 
plants. In contrast, the endogenous levels of bioactive GAs in the eui2 mutant were 
similar to those in wild-type plants. Furthermore, we found that 16α,17-epoxy GA4 still 
possessed bioactivity in the micro-drop bioassay. These results suggest that EUI2 
catalyzes the hydrolysis of 16α,17-epoxy GA4 for further deactivation in the rice 
uppermost internode. 
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CONVERSION OF CARLACTONE BY LOTUS JAPONICUS MAX1, IS AN 

ENDOGENOUS BIOSYNTHETIC PRECURSOR FOR 5-DEOXYSTRIGOL. 
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1Osaka Prefecture University - Sakai (Japan), 2Ehime University - Matsuyama 
(Japan), 3Utsunomiya University - Utsunomiya (Japan) 

 

ABSTRACT 

Strigolactones (SLs) are a group of carotenoid-derived plant hormones that also 
function as rhizosphere signaling molecules for arbuscular mycorrhizal fungi and root 
parasitic plants. The naturally occurring canonical SLs contain the ABCD ring system, 
which are divided into strigol- and orobanchol-type SLs according to the 
stereochemistry of the C-ring. Despite the rapid progress in understanding the 
biosynthesis of orobanchol-type SLs, how 5-deoxystrigol (5DS), the parent of the 
strigol-type SLs, is produced in plants has remained elusive. MORE AXILLARY 
GROWTH 1 (MAX1) encodes cytochrome P450 enzymes that catalyze the conversion 
of the SL precursor carlactone (CL). By focusing on Lotus japonicus that produces 5DS 
as a major SL, we investigated the enzymatic function of LjMAX1. Recombinant 
LjMAX1 expressed in yeast microsomes converted CL via carlactonoic acid (CLA) to 
18-hydroxyCLA, but not to 5DS. 18-HydroxyCLA has been putatively identified as a 
metabolite of CL by recombinant rice Os900. The identity of 18-hydroxyCLA was 
confirmed by comparison of retention time and mass spectra of the methyl ester 
derivative of the Os900 product with those of chemically synthesized methyl 18-
hydroxycarlactonoate (18-hydoxyMeCLA) in LC-MS/MS analysis. In plant feeding 
experiments using [13C1]-labeled CL, CLA, and 18-hydorxyMeCLA, all three 
compounds converted to [13C1]-5DS. [13C1]-18-HydroxyCLA was detected when fed 
[13C1]-CLA or 18-hydorxyMeCLA. These results indicate that LjMAX1 catalyzes the 
oxidation of CL at C-19 and C-18, but does not catalyze the cyclization of oxidized CLs 
to 5DS, and that 18-hydroxyCLA is an endogenous biosynthetic precursor for 5DS in 
L. japonicus. 
 
LjMAX1 converts CL into 18-hydroxyCLA. 
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STRUCTURAL INSIGHTS INTO A KEY ENZYME DWF4/CYP90B1 IN 

BRASSINOSTEROID BIOSYNTHESIS AND ITS INHIBITION 
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ABSTRACT 

Brassinosteroids (BRs) are essential plant steroid hormones that regulate plant growth 
and development. The most potent BR, brassinolide, is produced by addition of many 
oxygen atoms to campesterol by several cytochrome P450 monooxygenases (CYPs). 
CYP90B1 (DWF4) catalyzes the 22(S)-hydroxylation of campesterol and is the first 
and rate-limiting enzyme at the branch point of the biosynthetic pathway from sterols 
to BRs. Here, we show the crystal structure of Arabidopsis thaliana CYP90B1 
complexed with cholesterol as a substrate. The substrate-binding conformation 
explains the stereoselective introduction of a hydroxy group at the 22S-position, which 
allows hydrogen-bonding interactions of brassinolide with the BR receptor. We also 
determined the crystal structures of CYP90B1 complexed with uniconazole or 
brassinazole, which are inhibitors of BR biosynthesis. The structures of the two 
inhibitors are similar, but their binding conformations are quite different. The shape and 
volume of the active-site pocket also varies depending upon the inhibitors and 
substrate. These structures of CYP90B1 that exhibits structural plasticity can pave the 
way to the design of new inhibitors that target plant membrane-bound CYPs, including 
those involved in BR biosynthesis, which could then be used as plant growth regulators 
and agrochemicals.  
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NUCLEAR WUSCHEL EXPRESSION FROM DE NOVO SHOOT DEVELOPMENT IN 

ARABIDOPSIS 
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ABSTRACT 

Plant de novo organogenesis in tissue culture systems has long been exploited to 
study the plasticity of pluripotency. External application of high cytokinin-to-auxin ratio 
in cultured medium stimulates greening of tissue and promotes nascent shoot apical 
meristem (SAM) formation. The stem cell niche in SAM is maintained by a negative 
feedback loop between CLAVATA-WUSCHEL (WUS) signaling. Cytokinin being 
known to induce WUS expression, the capacity of de novo shoot development is 
largely dependent on WUS activity. However, the molecular mechanism of WUS 
expression remains obscure. Here we found that WUS expression during de novo SAM 
formation is affected by the altered tetrapyrrole metabolism catalyzed in the plastid. 
Loss-of-function mutations in HEME OXYGENASE/LONG HYPOCOTYL 1 (hy1), Mg-
CHELATASE H (chlh), Mg-CHELATASE I1 (chli1), and the regulator of Mg-
CHELATASE, GENOME-UNCOUPLED 4 (gun4), result in elevated WUS expression 
but the shoot regeneration efficiency is decreased whereas loss-of-function mutation 
in PROTOPORPHYRIN IX FERROCHELATASE 2 (fc2) exhibits compromised WUS 
expression with reduced number of shoots when mutant root explants are cultured on 
shoot induction medium. Our genetic results indicate the novel regulatory mechanism 
of nuclear WUS expression that is likely modulated by tetrapyrrole intermediate(s) 
under the varying plastid status stimulated by external cytokinin treatment during de 
novo organogenesis. 
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ADDITIONAL EVIDENCE THAT THE BIOSYNTHESIS OF AND RESPONSE TO 

JASMONIC ACID ARE AFFECTED IN A BIG MUTANT OF ARABIDOPSIS 
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ABSTRACT 

We have previously reported that the tir3 allele of BIG leads to increased levels of 
jasmonic acid and jasmonic acid isoleucine in seedlings grown in sterile culture 
[Sponsel V, Nemeth S, Engelberth J, Jikamaru Y, Seo M, Kamiya Y, Hedden P. 
IPGSA conference (2013)]. Other auxin mutants grown in identical conditions did not 
show this effect, suggesting that increased JA and JA-Ile levels in tir3 may not be a 
direct effect of altered auxin status in this mutant. In examining genes encoding 
enzymes in the JA biosynthetic pathway we observed the greatest increase in 
transcript levels for Allene Oxide Synthase (AOS) in tir3 relative to WT. In addition to 
reduced stem elongation, decreased apical dominance and reduced lateral root 
number, tir3 mutants also display enhanced anthocyanin accumulation. Of genes in 
the late anthocyanin pathway Dihydroflavonol 4-Reductase (DFR) showed the largest 
increase in transcript levels in tir3 relative to WT. Moreover, JA applied to our cultured 
seedlings led to a greater increase in DFR expression in both WT and tir3 than any of 
the other anthocyanin pathway genes we examined. Seedlings of both an aos mutant 
and tir3 aos double mutant had very low expression of DFR. Our results are consistent 
with the recently reported effect of other mutant alleles of BIG on JA biosynthesis, 
response, and plant defense that have led to the suggestion that BIG is a point of 
convergence for the interaction of JA, ethylene and salicylic acid [Zhang R-X et al, New 
Phytologist 222, 335-48 (2018)]. 
 
Valerie Sponsel 
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SIGNALING PEPTIDES TO REGULATE ROOT SYSTEM ARCHITECTURE IN THE 

MEDICAGO TRUNCATULA MODEL LEGUME 
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ABSTRACT 

Plants have a high developmental plasticity to adapt to environmental constraints and 
to optimize their nutrition. Under limiting nitrogen conditions, legumes are notably able 
to form new root organs besides lateral roots, the nodules, thanks to an interaction with 
atmospheric nitrogen-fixing symbiotic bacteria called Rhizobia (Gamas et al., 2017). 
Nodulation is energetically costly and therefore tightly regulated by various local and 
systemic (long distance) signaling pathways. We recently identified in the model 
legume Medicago truncatula (Gautrat et al., 2019), that the two closest orthologous 
genes to the Lotus japonicus root F-Box TOO MUCH LOVE (TML) are a downstream 
effector of the Autoregulation of Nodulation (AON)  systemic pathway negatively 
regulating nodulation. AON involves the perception of root-produced CLE (CLAVATA3 
(CLV3)/ESR-related) peptides by the SUNN (SUPER NUMERIC NODULES) receptor 
in shoots (Mortier et al., 2010). MtTML transcripts are targeted by the miR2111 
microRNA which regulation by Rhizobia depends on the AON. In addition, another 
systemic pathway positively regulating nodulation involves the perception of root-
produced C-terminally ENCODED PEPTIDES (CEP) by the COMPACT ROOT 
ARCHITECTURE 2 (CRA2) receptor in shoots (Huault et al., 2014; Mohd-Radzman et 
al., 2016). This pathway also affects the miR2111/TML regulatory module. Finally, local 
miR2111-independent hormonal regulations of MtTML transcripts accumulation will be 
reported. 

Gamas et al., 2017 Trends Plant Sci. 22 :792-802 

Gautrat et al., 2019 J Exp Bot doi:10.1093/jxb/ery465 

Huault et al., 2014 Plos Genet 10:e1004891 

Mohd-Radzman et al., 2016 Plant Phys 171:2536-48 

Mortier et al., 2010 Plant Phys 153:222-37
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ABSTRACT 

Auxin and cytokinin are the main regulators of plant growth and development, in 
particular of the process of the new organogenesis. Although solo roles of auxin and 
cytokinin are described in great detail, the interaction between those two hormones is 
not well characterized yet. One of such interactions was found when cytokinin was 
observed to interfere with endomembrane trafficking of PIN1, the auxin transporter. 
PIN1 was redirect for lytic degradation into vacuoles upon cytokinin treatment and 
initial experiments showed that this effect is transcription and translation independent 
(Marhavý et al., 2011). However, how exactly cytokinin mediates the PIN degradation 
is unknown. To assess the molecular principles of this alternative mode of cytokinin 
action we decided to focus on posttranslational modifications and performed a 
phosphoproteome analysis of Arabidopsis thaliana roots treated with cytokinin. Using 
label-free quantitative (phospho)proteomics, we identified proteins which in response 
to cytokinin exhibited a significantly changed abundance or phosphorylation pattern 
compared to the mock control. We chose for further investigation several proteins 
implicated in the endomembrane trafficking of PIN1 which exhibit change in their 
phosphorylation pattern and/or abundance after treatment with cytokinin. We use 
these candidates to explore the new ways of the auxin-cytokinin interaction. 
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ABSTRACT 

Lateral root organogenesis is a post-embryonic process allowing plant effective water 
and nutrients uptake. Branching of the root system is under control of complex 
regulatory network with auxin and cytokinin acting as a key hormonal components. 
Auxin and its graded distribution promote lateral root primordia initiation and 
organogenesis. On other hand, cytokinins have been shown to suppress development 
of lateral root formation through modification of PIN auxin transporters expression and 
trafficking. Using a genome wide transcriptome profiling from pericycle cells of roots 
exposed to auxin, cytokinin and both hormones simultaneously, we identified the CLE 
family as a new component of the auxin/cytokinin crosstalk during lateral root 
formation. Role of CLE peptides in auxin-cytokinin regulated lateral root development 
will be discussed. 
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NJ15, AN AUXIN/BRASSINOSTEROID SIGNALING INHIBITOR 

 

N.J. Tanaka 1, S. Miyazaki 1, K. Tomita 1, A. Hosoi 2, K. Tanaka 3, S. Ito 2, 
S. Iuchi 4, T. Nakano 5, M. Kobayashi 4, M. Nakajima 1, T. Asami 1 

1Dept. Appl. Biol. Chem., Univ. of Tokyo. - Bunkyo (Japan), 2Dept. Bioscience, 
Tokyo Univ. Agric. - Setagaya (Japan), 3NGRC, Tokyo Univ. Agric. - Setagaya 
(Japan), 4RIKEN•BRC - Ibaraki (Japan), 5RIKEN•CSRS - Saitama (Japan) 

 
 

ABSTRACT 

 Auxin and brassinosteroid coregulate many developmental processes of plants. In 
their signaling pathways, some interactions called cross-talks have been reported. 
However, their common downstream or molecules for the interactions are not 
elucidated well probably due to the complexity of the systems. In this research, to 
identify these downstream components, we focus on a chemical designated to NJ15 
which showed the inhibitory effects in the presence of auxin or brassinosteroid to 
Adzuki epicotyl and also to Arabidopsis thaliana seedlings (Jaroensanti et al. 2014). 
We performed the mutants screening from Arabidopsis cDNA over-expressor pools 
which show low sensitivity to NJ15 on both the hypocotyl elongation and shoot 
gravitropism. Finally, we selected a line and then identified that the NJ15-low sensitivity 
of the line is not caused by the over-expression of a cDNA but by gene destruction by 
the cDNA insertion. The destroyed gene coded an enzyme involved in cuticle 
formation. The cuticle is known to protect a plant from various environmental stresses. 
To elucidate the targets of NJ15, we are now studying the function of cuticle in 
hypocotyl elongation and gravitropism. 
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OTHER PHYTOHORMONES 

 

 

P. Jiroutova 1, J. Oklestkova 1, O. Novák 1, M. Strnad 1 
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ABSTRACT 

Brassinosteroids (BRs) are a group of steroidal plant hormones, they are involved in a variety 
of physiological processes in plants. BR mutants are characteristic for their dwarf phenotype 
with curled, dark-green leaf rosette, short internodes, and male sterility. The first and most 
active BR - brassinolide, was isolated in 1979 from pollen of Brassica napus. Since then, a 
significant amount of work about their biosynthesis, signaling, biological activity or practical 
application, especially in agriculture, have been 
reported.                                                                                                                        
In Arabidopsis the biosynthesis of BRs starts with a conversion of campesterol to campestanol 
and then continues to brassinolide via two parallel pathways - the early and the late C-6 
oxidation pathways. An early C-22 oxidation branch called “campestanol independent 
pathway” has also been described. This branch is linked to the later part of the late C-6 
oxidation pathway. 

 Various cross-talk mechanisms between BRs and other hormones are suggested or have 
been characterized. In this work we investigate interaction between brassinosteroid 
biosynthetic precursors and other phytohormones namely auxins and ethylene. We focused 
on the latest BR precursors with biological activity in plants and we observed that level of the 
interaction between these hormones is different in Arabidopsis roots and shoots respectively. 
We were also studying structure–activity relationship of biosynthetic precursors of brassinolide 
to discover which structural motif is important for BR induced inhibition of etiolated growth of 
pea plants as well as for ethylene production. 

This work was supported by IGA of Palacký University (IGA_PrF_2019_020) 
Petra Jiroutova 
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ABSTRACT 

Strigolactones (SLs) are one of the plant hormones that regulate diverse agronomic 
traits including shoot branching and root morphology. In addition, SLs are known as 
seed germination stimulants for root parasitic weeds, Striga and Orobanche. In this 
study, we screened for chemicals that regulate the level of SLs in rice and identified 
progesterone as a novel SL-regulating molecule. Progesterone is identified in various 
plant species, though its physiological role is not clarified. The repression of SL 
biosynthesis by progesgerone was also observed in SL signaling (d14 mutant) and GA 
deficient (Tanginbozu) mutants. Gene expression analysis showed that progesterone 
treatement induced the downregulation of SL biosynthesis genes and the upregulation 
of cytokinin response genes. In addition, progesterone treatment reduced root hair 
elongation and co-treatment of GR24 with progesterone slightly recovered root hair 
length in Arabidopsis. These results suggest the possibility that progesterone 
modulates root hair development via regulation of SL biosynthesis. 
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DIFFERENTIAL GENE EXPRESSION ANALYSIS OF ARABIDOPSIS SEEDLINGS 

REVEALS POTENTIAL INVOLVEMENT OF 2-PHENYLACETIC ACID IN 

HORMONE CROSSTALK. 

 

 

S. Cook 1, S. Kimura 2, H. Kasahara 3 

1Institute of Agriculture, Tokyo University of Agriculture and Technology - Tokyo 
(Japan), 2Department of Bioresource and Environmental Sciences, Kyoto 
Sangyo University - Kyoto (Japan), 3Institute of Global Innovation Research, 
Tokyo University of Agriculture and Technology - Tokyo (Japan) 

 
 

ABSTRACT 

The auxin, 2-phenylacetic acid (PAA) is surprisingly under-characterised given its 
ubiquitous distribution in the plant kingdom. Like IAA, this organic acid is a growth 
promoting substance and appears to function through the same signalling mechanisms 
as IAA (i.e. TIR1/AFBs). PAA also shares a similar bioactive range as IAA and is 
present at higher concentrations in most plant tissues. While PAA is typically weaker 
in classical auxin tests, such as pea curvature, its ability to stimulate lateral root 
induction exceeds that of IAA and suggests that this auxin may be involved in root 
developmental processes. Despite this, the exact role of PAA in plant growth and 
development is unknown. In order to understand the function of PAA in plants, large-
scale investigations are required. 

Here we present a transcriptomic analysis with the intention of identifying which 
processes that PAA influences (a) In plants in general, (b) In plant: microbe 
interactions, and (c) in the regulation of (and by) other plant hormones. The results of 
this differential gene expression analysis also shed light on many biological questions 
related to the biosynthesis, metabolism/ catabolism, signalling and transport of the 
auxin PAA. In addition, the data presented here attempts to separate the contributions 
of the two auxins, IAA and PAA, to determine what PAA-specific processes occur in 
plants. 
 
Sam Cook 
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CHARACTERIZATION OF HORMONES INVOLVED IN THE RESPONSE TO 

PHOTOPERIOD STRESS 

 

 

M. Frank 1, A. Cortleven 1, T. Schmülling 1 

Institute of Biology/Applied Genetics, Dahlem Centre of Plant Sciences, Freie 
Universität Berlin - Berlin (Germany) 

 
 

ABSTRACT 

Recently, a novel type of abiotic stress caused by a prolongation of the light period - 
coined photoperiod stress - has been described in Arabidopsis. Characteristic for the 
response to photoperiod stress is the induction of stress and cell death marker genes, 
the accumulation of jasmonic acid and the formation of reactive oxygen species during 
the night following the extended light period. The next day, stressed plants display a 
reduced photosynthetic efficiency and eventually programmed cell death in leaves. 
Previous work has shown that cytokinin acts as a protectant against the consequences 
of photoperiod stress. In order to elaborate the functionally relevant type of cytokinin 
and the site of its origin, we have compared the stress response of a variety of cytokinin 
metabolism and transport mutants. The results suggest that trans-zeatin-type 
cytokinins transported from the root to the shoot via ABCG14 are particularly protective 
against photoperiod stress. Further, mutant analysis and the transcriptomic response 
of wild-type and cytokinin-deficient plants to photoperiod stress studied by RNA-seq 
suggested a role for auxin and ethylene. Based on this, we investigated if an interaction 
between the signaling pathways of cytokinin and auxin is required to respond 
appropriately to photoperiod stress by testing the stress response of mutants impaired 
in the perception of both hormones. 
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TEMPERATURE DEPENDENT MODULATION OF ABSCISIC ACID/GIBBERELLIN 

BALANCE AND GERMINATION OF WHEAT SEEDS 

 

 

T.N. Nguyen 1, C. Izydorczyk 1, P. Tuan 1, B. Ayele 1 

University of Manitoba - Winnipeg (Canada) 

 
 

ABSTRACT 

Abscisic acid (ABA) and gibberellin (GA) are the major plant hormones regulating seed 
dormancy and germination; ABA enhances dormancy while GA promotes germination. 
To gain insights into the molecular features mediating temperature regulation of 
ABA/GA balance and therefore seed germination in wheat, this study examined 
patterns of seed germination, expression of embryonic ABA and GA metabolism and 
signaling genes, and embryonic ABA and GA levels in response to low and high 
imbibition temperatures. Germination inhibition by low temperature was rescued by 
seed treatment with exogenous GA3 or fluridone or GA3 + fluridone while GA3 or GA3 
+ fluridone was able to reverse inhibition of germination by high temperature. Low 
temperature induced inhibition of seed germination was associated with increased 
ABA level mainly through enhanced expression levels of TaNCED1 and TaNCED2, 
and reduced bioactive GA level through transcriptional repression of TaGA20ox and 
TaGA3ox2. Furthermore, low temperature enhanced the expression levels of TaPYL5, 
TaSnRK2, TaABI3 and TaABI5, genes regulating ABA signaling positively, and 
TaRHT1, which regulates GA signaling negatively. High temperature repressed seed 
germination, and this effect was associated with increased embryonic ABA level 
through enhanced expression levels of TaNCEDs although it caused an increase in 
bioactive GA level through enhancing the expression levels of TaGA20oxs and 
TaGA3ox2. High temperature also increased the expression levels of ABA signaling 
genes including TaPYL5, TaSnRK2, TaABI3 and TaABI5, and the GA signaling gene 
TaRHT1. Our results overall show that temperature dependent changes in wheat seed 
germination is mediated by transcriptional regulation of ABA/GA balance. 
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HORMONAL CROSS-TALK IN BRASSICA NAPUS CULTIVARS ALISTER AND 

HORNET DURING PLASMODIOPHORA BRASSICAE INFECTION 

 

 

R. Vankova 1, S. Prerostova 1, P. Dobrev 1, V. Konradyova 2, A. Gaudinova 
1, B. Kramna 1, V. Knirsch 1, J. Kazda 2, J. Ludwig-Müller 3 

1Institute of Experimental Botany CAS - Prague 6 (Czech Republic), 2Czech 
University of Life Sciences Prague - Prague 6 (Czech Republic), 3Technische 
Universität Dresden - Dresden (Germany) 

 
 

ABSTRACT 

In order to elucidate responses associated with efficient defence against 
Plasmodiophora brassicae infection, hormone levels and expression profiles of 
selected hormone-related genes were compared in two Brassica napus cultivars – 
more resistant SY Alister and sensitive Hornet. Long-term elevation of auxin (indole-
3-acetic acid) levels in Hornet roots coincided with high expression of auxin 
biosynthetic gene nitrilase NIT1 (in contrast to TAA1, YUC8 and YUC9). In leaves, 
NIT1 expression was suppressed in Alister. The expression of salicylic acid (SA) 
biosynthetic gene isochorismate synthase (ICS1) was stimulated in roots of both 
cultivars, earlier in Alister. The expression of SA marker gene PR1 was most profound 
when gall formation began. Gall formation was associated with up-regulation of 
cytokinin, auxin and SA levels . The expression of cytokinin biosynthetic gene IPT3 
was up-regulated in galls at the beginning of their formation, being down-regulated in 
roots. Jasmonic acid (JA) content and expression of biosynthetic genes LOX4 and JA 
amido synthetase (JAR1) were up-regulated in Hornet roots and galls at later stages, 
being suppressed in Alister. To investigate SA and JA function, SA was applied once 
(before infection) and twice [before infection and 15 days after inoculation (dai)], JA 15 
dai. Double SA application diminished gall formation in Alister, JA promoted gall 
formation in both cultivars. Activation of SA/JA pathways reflects the main differences 
in clubroot resistance. 

Acknowledgement: The work was supported by Ministry of Education, Youth and 
Sports of CR from the European Regional Development Fund-Project "Centre for 
Experimental Plant Biology": [grant no. CZ.02.1.01/0.0/0.0/16_019/0000738]. 
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USTILAGO MAYDIS EFFECTOR IAS8 INDUCE THE AUXIN SIGNALING BY 

INTERACTION WITH TOPLESS 

 

M. Darino 1, A. Djamei 2 
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Institute of Plant Genetics and Crop Plant Research - Gatersleben (Germany) 

 
 

ABSTRACT 

The smut fungus Ustilago maydis causes gall formation on all aerial parts of its host 
plant maize. The pathogen secretes numerous manipulative molecules, so called 
effectors responsible for the suppression of host defense responses and the dramatic 
metabolic and developmental changes on the host side. 

U. maydis produces auxin and its role during gall formation had been studied by a 
quadruple mutant of U. maydis for the four enzymes involved in fungal auxin 
biosynthesis. Although the maize tissue infected by the mutant showed strongly 
reduced auxin level, gall formation was not affected. Microarray experiments that 
analyzed the transcriptomic profile of maize during U. maydis infection had shown the 
induction of auxin synthesis and responsive genes. So far, the mechanisms through 
which U. maydis is able to alter the endogenous auxin homeostasis in the plant are 
still elusive. The induction of auxin-responsive genes could be due to the action of 
fungal proteins targeting plant auxin signaling to promote gall formation and to 
suppress plant defense responses. 

In a heterologous screen performed in Nicotiana benthamiana, several putative U. 
maydis effectors have been identified which have in planta auxin signaling-inducing 
capacity and they were designated as inducer of auxin signaling (IAS). Among them, 
the effector protein IAS8 was selected for an in-depth functional characterization. IAS8 
is a secreted effector that has to be located in the plant cell nucleus to induce the auxin 
signaling. The IAS8-dependent induction of the plant auxin signaling is due to the 
interaction with the transcriptional co-repressor topless. 
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PRODUCTION AND IMPACT OF CYTOKININS IN THE EDIBLE MUSHROOM, 

PLEUROTUS OSTREATUS 
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ABSTRACT 

  

The oyster mushroom, Pleurotus ostreatus, is one of the most cultivated world-wide 
edible basidiomycetes. It has gained increased attention for its economical, 
environmental and medicinal properties. Fungi form a kingdom that possess both plant 
and animal features in their morphology and metabolism. While a lot is known about 
cytokinins (CKs) and their actions at the molecular and cellular level in plants, much 
less is known about CK functions in other kingdoms. CKs have been detected in 
several fungal species and they have been implicated in pathogenic attack against 
plants; however, the roles of CKs in fungal physiology remain unknown. In this 
research, we studied CK impacts and presence in P. ostreatus. Exogenous application 
of different concentrations of iP, BAP and kinetin revealed inhibitory effects on fungal 
growth and development. On solid media, P. ostreatus in vitro cultures exposed to 
concentrations higher than 50µM CKs showed reduced colony diameter, an 
accumulation of different levels of secondary metabolites, and a delay in fruiting. In 
liquid cultures, exogenous iP application showed fungal responses in terms of mycelial 
biomass accumulation and phenotypical variation that were correlated to the applied 
CK concentrations. Endogenous hormone profiling by LC-MS/MS showed significant 
differences in CK levels during different growth stages of the fungus. Results indicate 
there is potential to alter mycelium growth and development of P. ostreatus; thus, CKs 
may play the role of a “mycohormone” and may be specifically helpful for medicinal 
fungi to produce many biologically active substances with valuable medical and 
environmental applications. 
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THE HORMONAL-TRANSCRIPTIONAL NETWORK DURING EARLY LEGUME-

RHIZOBIUM SYMBIOTIC INTERACTIONS 

 

W. Kohlen 1 

Wageningen University - Wageningen (Netherlands) 

 
 

ABSTRACT 

In legumes, rhizobia secreted signalling molecules (Nod-factors) trigger the formation 
of nitrogen-fixing root nodules by mitotic reactivation of cortical cells in a specific region 
of the root, the susceptible zone. The plants ability to initiate these cell divisions is 
tightly regulated by internal and external cues to avoid unneeded and unbeneficial 
symbiotic interactions. Phytohormones play an important role during nodule 
primordium formation. A local auxin maximum is required for nodule primordium 
initiation and it is postulated that regulation of polar auxin transport creates such 
maximum. It has been demonstrated that cytokinin and strigolactone biosynthesis 
genes are both under control of LCO signalling. In addition, ethylene, jasmonic (JA) 
and abscisic acid (ABA), are known to inhibit nodule initiation by directly interfering 
with Nod-factor signalling. Taken-together, the emerging picture is that hormone 
homeostasis changes during nodule primordium initiation, and the hormone 
homeostasis in the susceptible zone provides a permissive condition that allows mitotic 
activation of root cells. However, how these signals work together to allow reactivation 
of cortical cell divisions only at a specific region is still unclear. By integrating hormone 
profiling with transcriptome analysis on the same sample, we were able to generate 
the transcriptional-hormonal network of the mnedicago root over a developmental axis. 
We used this transcriptional-hormonal network as a reference to identify changes in 
the network upon rhizobia signalling. This enabled us to identify how several hormones 
are integrated into the spatial-temporal regulation of Nod-factor susceptibility.   
 

POSTER PRESENTATION 



5 

P136 

 

RICE OSAAA-ATPASE1, AN AAA-TYPE ATPASE FAMILY GENE, IS INDUCED 

DURING BLAST INFECTION IN A SALICYLIC ACID-DEPENDENT MANNER AND 

PLAYS A POSITIVE ROLE IN BLAST RESISTANCE 

 

X.Q. Liu 1, C.J. Jiang 2 
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(China), 2Institute of Agrobiological Sciences (NIAS), National Agriculture and 
Food Research Organization (NARO) - Tsukuba (Japan) 

 
 

ABSTRACT 

Fatty acids (FA) play important signaling roles in plant defense responses. We 
previously reported that mutation or RNAi-knockdown of the rice OsSSI2 gene, 
encoding a stearoyl acyl carrier protein FA desaturase (SACPD), remarkably 
enhanced resistance to blast fungus Magnaporthe oryzae and leaf-blight bacteria 
Xanthomonas oryzae pv. oryzae (Xoo). Transcriptomic analysis identified six AAA-type 
ATPase family genes (herein designated as OsAAA-ATPase1–6) upregulated in the 
transgenic lines with RNAi-knockdown of OsSSI2 (OsSSI2-kd), in addition to other 
well-known defense related genes. 

In this study, we report the functional analysis of OsAAA-ATPase1 in rice defense 
response to M. oryzae. OsAAA-ATPase1 protein synthesized in a wheat-germ cell-
free translation system showed an ATPase activity. OsAAA-ATPase1 transcription 
was induced by exogenous treatment with a functional analogue of salicylic acid (SA), 
benzothiadiazole (BTH), but not by other plant hormones tested, including auxin, 
gibberellic acid, cytokinin, ethylene, methyl jasmonate and abscisic acid. The 
transcription of OsAAA-ATPase1 was also highly induced in response to M. oryzae 
infection in a SA-dependent manner, as the gene induction was significantly attenuated 
in a transgenic rice line expressing a bacterial gene nahG encoding salicylate 
hydroxylase. Furthermore, overexpression of OsAAA-ATPase1, under either a 
constitutive (ZmUbi1) or an inducible (OsPRb1) promoter, significantly enhanced 
defense gene expressions and the resistance to M. oryzae; conversely, RNAi-
suppression of this gene compromised the resistance. These results suggest that 
OsAAA-APTase1 plays an important role in SA-mediated defense responses against 
blast fungus M. oryzae. 
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CYTOKININ MODULATES BIOTIC INTERACTION BETWEEN ACREMONIUM 

ALTERNATUM AND ARABIDOPSIS THALIANA 

 

M. Berka 1, V. Malých 1, S. Auer 2, J. Ludwig-Müller 2, B. Brzobohatý 1, M. 
Cerný 1 

1Mendel University in Brno - Brno (Czech Republic), 2TU Dresden - Dresden 
(Germany) 

 
 

ABSTRACT 

Acremonium alternatum is a known biological control agent that potentiates plants' 
resistance. Previous reports have shown that Acremonium promotes Arabidopsis 
thaliana resistance to the clubroot disease, resulting in delayed senescence and 
improved seed yield. Thus, it is likely that the observed beneficial interaction could 
integrate plant hormone cytokinin signalling. Here, we employed Arabidopsis 
thaliana Col-0 and analyzed its response to the presence of Acremonium alternatum in 
the medium containing a urea-type cytokinin thidiazuron. We found that the growth-
promoting effect of Acremonium is decreasing proportionally to the cytokinin 
concentration, and is completely lost and reverted at 1 µM concentration. We 
employed proteomics and metabolomics profiling and analyzed roots and shoots 
of Arabidopsis plantlets. Our analyses have uncovered multiple important pathways in 
plant-endophyte interaction, including phospholipase D signalling, redox homeostasis 
and signalling peptidases. 

This work was supported by the Ministry of Education, Youth and Sports of the Czech 
Republic – Project ‘Centre for Experimental Plant Biology’ No. 
CZ.02.1.01/0.0/0.0/16_019/0000738, and the DAAD funded mobility project 
8J18DE015.  
 
Graphical abstract 
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ABSTRACT 

About 80% of land plant species form arbuscular mycorrhiza (AM) symbiosis with fungi 
of the phylum Glomeromycotina. While the AM fungi are obligate biotrophs depending 
on this ancient symbiosis to survive, the plants benefit from increased nutrient 
availability and resistance to biotic and abiotic stress. Recently D14L a homolog of the 
Arabidopsis thaliana karrikin receptor (KAI2), was shown to be involved in AM 
colonization in rice. Karrikin, a signaling molecule derived from burned plant material, 
is structurally related to strigolactones and the perception of both molecules share 
similar mechanisms. The strigolactone receptor D14 and the karrikin receptor KAI2 are 
members of the α/β hydrolase family and they are supposed to interact with the F-box 
protein MAX2, which is part of a Skp1–Cullin–F-box (SCF) ubiquitin E3 ligase complex. 
After signal perception the SCF-complex targets repressors of either strigolactone or 
karrikin signaling responses to be degraded by the proteasome via ubiquitiniation 
belonging to the SMXL family. We are interested in the molecular mechanisms of 
karrikin signaling in Lotus japonicus during AM symbiosis. Therefore, we aim at 
identifying receptor complex dynamics and additional complex components by 
expressing tagged versions of the duplicated α/β hydrolases KAI2a and KAI2b, and 
the karrikin signaling repressor SMAX1 to perform co-immunoprecipitations followed 
by mass spectrometry under various conditions.  
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MODULATION OF SALICYLIC ACID AND JASMONIC ACID LEVELS IN 

RESPONSE TO CLUBROOT DISEASE IN CANOLA 

 

C. Jayasinghege 1, J. Ozga 1, V. Manolii 1, S.F. Hwang 1, S. Strelkov 1 

University of Alberta - Edmonton (Canada) 

 
 

ABSTRACT 

Clubroot disease of crucifers, caused by the obligate parasite Plasmodiophora 
brassicae Wor., triggers the formation of root galls in infected plants. These root galls 
inhibit water and nutrition absorption by the plant, stunning aboveground growth. To 
evaluate the roles of salicylic acid (SA) and jasmonic acid (JA) in clubroot 
development, we quantified their levels in the leaves and roots of a clubroot susceptible 
cultivar and a clubroot resistant cultivar of canola (Brassica napus L.) at 21 and 28 
days after inoculation (DAI). Both cultivars had similar levels of SA and SA conjugates 
in non-inoculated controls. When inoculated, free and conjugated SA levels in the roots 
of susceptible plants increased at 21 DAI, but declined to the levels of non-inoculated 
controls by 28 DAI. A more prominent increase of SA levels could be seen in in the 
roots of resistant inoculated plants, with levels remaining high through 28 DAI. In the 
leaves, free SA level was not affected by inoculation status, but the conjugated SA 
level increased in both cultivars in response to infection. Levels of JA and its 
biologically active derivative JA-isoleucine (JA-Ile) also were similar between the two 
cultivars in non-inoculated controls. When inoculated with P. brassicae, JA and JA-Ile 
levels in the roots increased in resistant inoculated plants but markedly declined in 
susceptible inoculated plants. No change in JA and JA-Ile levels could be seen in the 
leaves. Altogether, these data suggest that both SA and JA play important roles in 
regulating plant responses to P. brassicae. 
 
Charitha Jayasinghege 
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University - Itakura-Machi 

 

ABSTRACT 

Strigolactones (SLs) are root-derived signals that induce germination of root-parasitic 
plants, and are a group of plant hormones that inhibit shoot branching in  plants. Shoot 
branching is an important trait that affects the number and quality of flowers and fruits. 
Phelipanche spp., which are root-parasitic plants, infect tomato roots and cause 
economic damage in Europe and North Africa. Thus, resistant tomato cultivars are 
needed in the area. We previously found CAROTENOID CLEAVAGE DIOXYGENASE 
8-defective mutants of Micro-Tom (slccd8) by the “targeting induced local lesions in 
genomes” (TILLING) method. The mutants showed excess branching phenotype, 
which was suppressed by exogenously applied GR24. Grafting shoot scions of 
the slccd8 mutants onto wild-type (WT) rootstocks restored normal number 
of branching in the scions. Endogenous levels of orobanchol and solanacol in WT 
increased under phosphorus deficiency, whereas that in the slccd8 mutants were 
below the detection limit of quantification analysis. Root exudates of the slccd8 
mutants hardly stimulated seed germination of root parasitic plants. In addition, SL 
deficiency did not critically affect the fruit traits of Micro-Tom. In Phelipanche 
aegyptiaca infection assay, we also found that the infection in the slccd8 mutants was 
reduced comapared with wild-type Micro-Tom because of the low germination. We 
propose that the slccd8 mutants might be useful as tomato lines resistant to P. 
aegyptiaca. 
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ABSTRACT 

In natural environments, long-lived and stationary organisms such as trees are 
subjected to a wide variety of environmental cues from both biotic and abiotic origins. 
With on-going climate change, it is expected to have more severe and recurrent abiotic 
stresses such as drought and ozone. All these combined abiotic stresses negatively 
impact trees productivity, e.g. by decreasing carbon assimilation and allocation to 
stems and roots. Still, only poor data exist regarding how these abiotic stresses can 
impact the functioning (bi-directional exchanges of nutrients) of ectomycorrhizal 
associations and the long-lasting positive effect of this symbiosis on tree productivity. 
It is thus crucial to address the challenging question of how trees interact with and 
respond to their biotic and abiotic environments at the same time. We aim at better 
understanding the molecular plasticity in the above and below part of mycorrhized 
poplar (Populus trichocarpa) trees under different environmental cues: drought and 
ozone. In this context, the specific objectives are to decipher the impact of these abiotic 
stresses on (i) metabolites, (ii) hormonal and (iii) transcript signatures of Populus 
leaves and ECM or no-ECM roots as well as the impact of ectomycorrhization on tree 
responses to stress. The first results of this project will be presented. 
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SELECTIVE BIOACTIVITY OF STRIGOLACTONE ANALOGS ON MYCORRHIZAL 

FUNGI OR THEIR HOST PLANTS 

 

D. Lauressergues 1, K. Martin 1, M. Cadoret 1, F.D. Boyer 2, S. Rochange 
1 

1LRSV - Toulouse University - Toulouse (France), 2INRA - ICSN - Versailles 
(France) 

 
ABSTRACT 

Strigolactones form a class of plant hormones that contribute to the regulation of many 
developmental traits, including shoot and root architecture. They are also important 
players in rhizospheric interactions: they trigger seed germination of parasitic weeds 
and they stimulate plant symbionts known as Arbuscular Mycorrhizal (AM) fungi. The 
latter interaction is of outmost importance as it concerns the vast majority of plant 
species, including most crops, and greatly contributes to plant water and mineral 
nutrition. 

Structure-activity relationship (SAR) studies have identified features of strigolactone 
molecules that are important for their perception by plants, including parasitic weeds. 
Such studies, together with detailed analyses of plant strigolactone receptors, have 
highlighted the importance of the butenolide D ring. Similar SAR studies on AM fungi 
have essentially examined the effect of strigolactones on hyphal branching in vitro. 
Here, we assessed the effect of strigolactone analogs on AM symbiotic capacity. For 
this, we measured the capacity of these analogs to restore symbiosis in an AM fungus 
interacting with a strigolactone-deficient host plant. The tested analogs included 
compounds carrying modifications on the D ring.  Our results indicate that the D ring 
is essential for strigolactone bioactivity on AM fungi, but that structural requirements 
on the D ring, especially with regards to methyl groups, are different for bioactivities on 
plants and AM fungi. We were thus able to identify compounds that are active on AM 
fungi but not on plants, or vice-versa. These findings open new possibilities for 
strigolactone research as well as for potential applications. 
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SPHINGOMONAS SEDIMINICOLA PROMOTES GROWTH AND HEALTH OF 

PLANTS BY MODULATING RHISOSPHERIC HORMONE LEVELS 

 

C. Mazoyon 1, L. Bensaddek 1, V. Sarazin 2, F. Dubois 1, J. Duclercq 1 

1Unité EDYSAN - UMR CNRS 7058, Université de Picardie Jules Verne - Amiens 
(France), 2AgroStation - Spach-Le-Bas (France) 

 
 

ABSTRACT 

            The current agricultural paradigm aims to reduce chemical inputs utilisation 
through the development of more environmentally friendly practices. One such 
alternative is to use soil microorganisms, which could positively influence the 
functioning of the rhizospheric soil or the plant itself. Many rhizobacteria promote plant 
growth and health by modifying the hormone contents into the rhizosphere or/and the 
hormones biosynthesis in the plant. Depending on the hormonal change, plants can 
promptly modulate their growth and architecture via their phenotypic plasticity. 
Therefore, this kind of microorgansimes can help the plants to use local resources and 
to adapt to fluctuating environmental conditions more efficiently. Using a high-
throughput sequencing of agricultural soils, we identified an alpha-proteobacteria, 
Sphingomonas sediminicola, commonly present in conventionally ploughed soil. 
Biochemical, phenotypic and physiological analyses indicated that in addition to 
stimulate plant biomass of Arabidopsis thaliana and Pisum sativum, S. sediminicola 
induced major changes in the root system architecture. Several volatile and soluble 
compounds including auxin, auxinic derivatives and salicylic acid could trigger these 
changes. Overall, the establishment of S. sediminicola as biostimulant agent/stimulator 
of plant defence and more broadly, the use of microorganisms within agroecosystems 
as an alternative to some agricultural chemical inputs will be discussed. 
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PHYTOHORMONAL CONTENTS AND BY A DOWN-REGULATION OF THE 

PLANT DEFENSES RESPONSES 
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(France) 

 
 

ABSTRACT 

Plant manipulation by herbivores requires fine-tuned reprogramming of host 
metabolism, mediated by effector molecules delivered by the parasite into its host. 
While plant galls may represent the epitome of plant manipulation, secretomes of gall-
inducers and their impact on host-plants have been rarely studied. We characterized, 
with transcriptomic and enzymatic approaches, salivary glands and saliva of a gall-
inducing aphid, Phloeomyzus passerinii. Early responses to aphid saliva of plant genes 
belonging to different metabolic and signaling pathways were assessed in vivo, with 
poplar protoplasts, and in planta, in a heterologous Arabidopsis system. Several 
effectors potentially interfering with plant signaling have been identified, including 
binding proteins, oxidoreductases, and phosphatidylinositol phosphate kinases. 
Compatible interactions between protoplasts of a susceptible poplar genotype and the 
saliva of P. passerinii led to an overall downregulation of defense-related genes while 
an upregulation was observed during both incompatible interactions, with a resistant 
poplar genotype, and non-host interactions, with the saliva of Myzus persicae, an aphid 
which does not feed on poplars. Compatible interactions affected both auxin transport 
and homeostasis potentially leading to an intracellular accumulation of auxin, which 
was further supported by in planta assays. Our results support the hypothesis that 
effectors interfere with downstream signaling and phytohormone pathways. 
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ARABIDOPSIS SYT5 CONTROLS INTERACTION BETWEEN SYP132 AND 

VAMP721/722 FOR IMMUNITY TO PSEUDOMONAS SYRINGAE DC3000 

 

S.H. Kim 1, H. Kim 2, D.J. Cho 1, C. Kwon 1, H.S. Yun 3 

1Department of Molecular Biology, Dankook University - Cheonan (Korea, 
Republic of), 2Department of Biology, Kangwon National University - Chuncheon 
(Korea, Republic of), 3Department of Biological Sciences, Konkuk University - 
Seoul (Korea, Republic of) 

 
 

ABSTRACT 

In plants, vesicle-associated membrane protein 721 and 722 (VAMP721/722) drive the 
fusion between secretory vesicles to the plasma membrane, which is required for both 
growth and immune responses. However, how the secretory pathway involving 
VAMP721/722 is controlled is yet unknown. Synaptotagmin (SYT) is a well-known 
calcium-dependent controller of vesicle fusion in regulated exocytosis in mammals. 
Since the VAMP721/722-guided vesicles participate in a controlled exocytosis required 
for plant immunity, we therefore tested a possible function of the Arabidopsis SYT5, 
which is very similar to the animal SYT1 that controls the neurotransmitter release, in 
the VAMP721/722-involving secretory pathway. Requirement of SYT5 for defense 
against the virulent Pseudomonas syringae DC3000 bacterium but not the powdery 
mildew Erysiphe pisi fungus, and the partial intracellular co-localization of SYT5 with 
VAMP722 suggest that SYT5 may control the SYT132-SNAP33-VAMP721/722 
secretory pathway in plants. Indeed, we found that SYT5 can stimulate the in vitro 
pairwise interactions among SYP132 and VAMP722. Therefore, our results suggest 
that SYT5 regulates the vesicle-forming activity of SYP132 and VAMP722 for immunity 
to bacterial pathogens. 
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COORDINATION OF NODULE ORGANOGENESIS AND INFECTION IN LOTUS 
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1Department of Molecular Biology and Genetics, Aarhus University, Denmark - 
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Université Montpellier 2 - Montpellier (France) 

 
 

ABSTRACT 

Symbiotic nodule development in legumes requires coordinated infection and nodule 
organogenesis processes. Like all aspects of plant development, phytohormones 
regulate these processes. To avoid detrimental effects on other aspects of root 
development, hormone signalling during nodulation must be tightly restricted in space 
and time. We have shown that degradation of cytokinin by LjCkx3 provides one 
mechanism to balance the active cytokinin pool, preventing inhibition of infection by 
elevated cytokinin. Cytokinin production is also regulated in a spatio-temporal manner 
and biosynthesis activity in the cortex is sufficient to initiate nodule organogenesis. 
Together, this highlights that cytokinin accumulation is tightly regulated during 
nodulation in order to balance the requirement for cortical cell divisions with negative 
effects of cytokinin on infection and root development. 

To examine the role of cytokinin-ethylene crosstalk in coordinating organogenesis and 
infection, we established a sensitive ethylene detection assay for L. japonicus. This 
revealed that ethylene production increases as early as six hours after inoculation with 
Mesorhizobium loti in a Nod factor dependent manner. Spontaneous activation of the 
symbiosis pathway is also sufficient to increase ethylene production. Analysis of 
ethylene and cytokinin insensitive and hypersensitive mutants show that cytokinin 
signalling is required for symbiotic ethylene production and that this crosstalk is 
essential for regulation of infection. 
 
profile 
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INDUCTION OF RESISTANCE AGAINST THE TOBACCO CUTWORM BY 

JASMONIC ACID IN SWEET PEA. 

 

R. Moriyama 1, S. Tebayashi 1, M. Sato 2 

1Univ. Kochi, - Kochi (Japan), 2Univ. Kagawa - Takamatsu (Japan) 

 
 

ABSTRACT 

   The sweet pea, Lathyrus odoratus, is one of popular ornamental plant and its bean 
shows toxicity by beta-aminopropionitrile. However, the sweet pea plant is attacked by 
insect pests, e.g. armyworms, aphids, spider mites, therefore various pesticides are 
used for pest control. A chemical cue for inducible resistance caused by an 
exogenous treatment against insect pests may be useful for a new pest management 
method. 

   For screening to inducible effect of elicitors, sweet pea leaves were treated with 
various plant hormones (Jasmonic acid: JA, Salicylic acid, Abscisic acid, Benzyl 
adenine) and a heavy metal (CuCl2) by a floating method for 48 hrs. Resultingly, an 
enhanced peak I was detected in an HPLC analysis of the extract from the sweet pea 
leaves treated with 500 µM JA. At the same time, an antifeeding activity against 2nd 
instar larvae of tobacco cutworm, Spodoptera litura, was observed on the treated 
leaves. Accordingly, the compound I was purified with a liquid-liquid partition and ODS 
column chromatography. Based on spectroscopic analysis, the isolated compound I 
was identified to be 2-cyanoethyl-isoxazolin-5-one (2-CEIX). The toxicity of 2-CEIX 
against rat had been reported, however, a role of 2-CEIX in the sweet pea plant against 
insect pest was unclear. In this study, it was demonstrated that 2-CEIX could be 
induced by JA which was a plant hormone related in defensive system. Thus, it was 
considered that 2-CEIX would play an important role in a defensive system of the sweet 
pea. 
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Ichihashi 1, 5, K. Shirasu 1, 2 

1CSRS, RIKEN (Japan), 2Grad. Sch. of Sci., Univ. of Tokyo (Japan), 3Grad. Sch. 
of Sci. Tech., NAIST (Japan), 4Inst. of Plant Physiol. and Biotech., Univ. of 
Hohenheim (Germany), 5JST, PRESTO (Japan) 

 
ABSTRACT 

Root-parasitic plants such as Striga spp. are devastating pathogens of crops, 
especially in resource-poor countries. By studying the facultative root-parasitic plant 
Phtheirospermum japonicum, we aim to elucidate the molecular mechanisms 
responsible for infection of host roots by the haustorium, an infection-specific organ to 
invade host plants via vascular connections. We found that genes encoding subtilases 
(SBTs), a group of proteases whose members include peptide hormone-processing 
proteases, were specifically expressed in the parasitic stage in P. japonicum. Using 
RNA-seq coupled with laser microdissection, we identified 5 SBTs in P. japonicum 
whose expression was up-regulated in haustorial intrusive cells, designated Intrusive 
Cell-Expressed Subtilases, ICESBT1 to 5. We investigated the expression dynamics 
of these ICESBTs by expressing the Venus-NLS reporter protein under control of own 
promoters. Expression of at least 4 ICESBTs was observed mostly in intrusive cells at 
3 days post-infection and/or thereafter. In contrast, expression of the ICESBT4like 
gene, which is phylogenetically close to ICESBT4 and ICESBT5, was observed 
throughout the root except in epidermal and intrusive cells. Expression of 
PHYTOSULFOKINE4 (PSK4), a peptide hormone enhancing cellular proliferation and 
root extension, was also enhanced in the parasitic stage. A PSK4-processing SBT in 
Arabidopsis is phylogenetically close to ICESBT2. Loss-of-function assays using an 
SBT inhibitor and assays to investigate if PSK4 is a substrate of ICESBT2 are being 
conducted. 
 
Satoshi Ogawa 
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DESICCATION IS AN ESSENTIAL PHASE IN THE DEVELOPMENT OF NORWAY 

SPRUCE SOMATIC EMBRYOS 

 

K. Eliášová 1, L. Fischerová 1, H. Konrádová 2, P. Dobrev 1, V. Motyka 1, 
Z. Vondráková 1 

1Institute of experimental botany of the Czech Academy of Sciences - Praha 6 
(Czech Republic), 2Department of experimental plant biology, Faculty of Science, 
Charles University - Praha 2 (Czech Republic) 
 

ABSTRACT 

Somatic embryogenesis represents a useful experimental system for studying conifer 
embryo development and a convenient tool for in vitro propagation. Somatic embryo 
(SE) development begins by the initiation of embryonal mass from zygotic embryos 
and it continues by multiplication of early embryos, their maturation, desiccation and 
finally germination. Our study focussed on the process of desiccation, i.e. exposure of 
isolated SEs to high humidity treatment.  It mimics the natural zygotic embryo drying 
in seeds. Are the biochemical events occurring in SEs during desiccation essential for 
development of vigorous SEs which are able to germinate or desiccation can be 
substituted by prolonged maturation? 

SEs were fully morphologically developed after 5 weeks of maturation. We compared 
mature SEs after 6, 7 and 8 weeks of prolonged maturation with mature SEs 
desiccated 10 and 20 days on morphological, histological and biochemical level. We 
followed accumulation of storage compounds (starch, proteins) and polyphenolic 
compounds on histological sections, endogenous content of phytohormones (ABA, 
IAA, cytokinins) and their derivatives and carbohydrate balance (soluble carbohydrate 
spectrum, its dynamics, starch content). The proportion of malformed embryos with a 
higher amount of starch grains and the accumulation of polyphenolics increased during 
the prolonged maturation. Total soluble carbohydrates and the starch content 
gradually decreased up to the 7th week of maturation.  In the 8th week of maturation 
the content of sucrose and starch increased significantly. The accumulation of raffinose 
family oligosaccharides and substantial drop in ABA was characteristic only for the 
desiccated SEs. 
 
Kateřina Eliášová 
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HIGH TEMPERATURES DURING INITIATION OF RADIATA PINE SOMATIC 

EMBRYOGENESIS DETERMINE THE HORMONAL PROFILE OF EMBRYONAL MASSES 

AND THE SUBSEQUENT DROUGHT TOLERANCE OF SOMATIC PLANTS 
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(Portugal), 3Laboratory of Growth Regulators, Centre of the Region Haná for 
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ABSTRACT 

Propagation via somatic embryogenesis is an effective method to produce elite plants and can 
be applied as a valuable tool to study the response of plants to different abiotic stresses at 
physiological and biochemical levels. Some studies suggest that environmental changes 
during embryogenesis could have long-lasting effects that could presumably determine future 
plant behavior. Moreover, in the last years our research team has concluded that the physical 
and chemical conditions during somatic embryogenesis determine the protein, hormone and 
metabolite profiles, as well as the micromorphological and ultrastructural organization of 
embryonal masses and somatic embryos. In this sense, phytohormones are known to play 
essential roles not only during all stages of somatic embryogenesis, but also during numerous 
stress-adaptation responses. 

In this work we have applied high temperatures (30ºC, 40ºC, 50ºC and 60ºC) for different 
incubation periods during initiation of radiata pine somatic embryogenesis and we have 
analysed the hormonal profiles of the resulting embryonal masses. Subsequently, somatic 
plants growing in the greenhouse, coming from those treatments, have been subjected to a 
drought stress period and several physiological traits have been evaluated (survival, growth, 
water potential, photosynthesis, stomatal conductance, transpiration and water use efficiency). 
Results indicate that thermal stress led to different hormonal profiles of the embryonal masses, 
which could be correlated with several differences observed months later at plant level 
(photosynthetic activity, water use efficiency, etc.). 

Acknowledgements: BIOALI (117RT0522), PINEM (AGL2016-76143-C4-3R), 
MULTIFOREVER (ID 198, FOREST VALUE, H2020). 
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PLANT GROWTH REGULATORS PROFILES DURING ALEPPO PINE (PINUS 

HALEPENSIS) SOMATIC EMBRYOGENESIS INITIATION UNDER ABIOTIC STRESS 

 

C. Pereira 1, 2, I.A. Montalbán 3, A. Castander-Olarieta 3, S. Correia 1, A. Pencik 4, I. Petrík 
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Gasteiz. Spain - Vitória-Gasteiz (Spain), 4Laboratory of Growth Regulators, Centre of the 
Region Haná for Biotechnological and Agricultural Research, Faculty of Science, 
Institute of Experimental Botany CAS, Palacký University Olomouc, Olomouc, Czechia 
- Olomouc (Czech Republic) 

ABSTRACT 

Somatic embryogenesis is a worldwide used technology tool that offers the capacity to produce 
a large number of plants and could be of use in large-scale propagation programs. At the same 
time, has been widely used as a model system for understanding the physiological and 
biochemical events involved in stress adaptation response. 

Many studies in conifers have shown that plant growth regulators have a crucial function, since 
phytohormones regulate a wide number of aspects of plant growth, development and 
physiology and they have been long considered to be connected with somatic plant yield and 
productivity. Distinct endogenous phytohormone profiles under stress conditions are involved 
in plant responses to abiotic stress and play essential roles during all stages of somatic 
embryogenesis and embryo production. Taking into account our experience in Pinus 
halepensis somatic embryogenesis and the capacity to modify the environmental conditions 
during the process, high temperatures (40, 50 and 60ºC) were tested during different 
incubation periods at initiation stage in order to analyze the phytohormone metabolism of 
embryonal masses developed after abiotic stress stimuli and to determine their role in the 
different response in the plants obtained months later. 

 Key words: Abiotic stress, endogenous phytohormones, Pinus halepensis, plant growth 
regulators, somatic embryogenesis. 

Acknowledgments: This study was founded by MINECO (AGL2016-76143-C4-3R), CYTED-
BIOALI (117RT0522), Renature: Projecto ReNature (Centro-01-0145-FEDER-000007) - 
Valorização dos Recursos Naturais Endógenos da Região Centro, and by Portuguese 
Foundation for Science and Technology (FCT) and POCH (Programa Operacional Capital 
Humano) (SFRH/BD/123702/2016). 
 

 
 

POSTER PRESENTATION 



 

5 

P152 

 

GIBBERELLIN BIOSYNTHESIS AND SIGNAL TRANSDUCTION - IDENTIFICATION 

OF NOVEL TARGETS FOR GROWTH REGULATION 

 

M. Szecówka 1, L. Hlusková 1, P. Jaworek 1, B. Day Wallace 2, 3, M. Terry 3, 
S. Thomas 2, D. Kopecný 4, D. Tarkowská 1, P. Hedden 1, 2 

1Laboratory of Growth Regulators, Czech Academy of Sciences, Institute of 
Experimental Botany & Palacký University - Olomouc (Czech Republic), 
2Rothamsted Research - Harpenden (United Kingdom), 3School of Biological 
Sciences, University of Southampton - Southampton (United Kingdom), 
4Department of protein biochemistry and proteomics, Palacký University - 
Olomouc (Czech Republic) 

 
 

ABSTRACT 

The Green Revolution, which tripled wheat yields from the 1960s, required the 
introduction of Rht semi-dwarfing genes that reduced lodging and increased harvest 
index. Although semi-dwarfing alleles are widespread in current wheat varieties, 
involvement of Rht in all gibberellin (GA) responses leads to pleiotropic effects that 
make these alleles unsuitable in certain environments. RHT-1 is a DELLA protein that 
acts in association with transcription factors (TFs), transcriptional regulators, chromatin 
remodeling complexes and co-chaperones to control gene expression. GAs function 
by promoting DELLA degradation, which is triggered upon binding of GAs to their 
receptor GIBBERELLIN INSENSITIVE DWARF1 (GID1). Degradation of DELLA 
promotes growth and modifies other developmental processes. Although key 
components of the GA signaling pathway were revealed in rice, insights into the 
regulatory mechanism downstream of DELLA are limited in cereals. 

We are developing the methodology to investigate outstanding questions in GA 
metabolism and signaling with the aim of identifying novel chemicals and targets for 
chemical and genetic intervention. This includes in vitro chemical screens to identify 
novel antagonists or agonists of GA dioxygenase activity and GA-induced DELLA 
degradation, and identification of DELLA partners involved in stem extension using 
yeast-2-hybrid screens, bimolecular fluorescent complementation (BiFC) and gene 
editing. We are developing highly sensitive method for GA analysis using liquid 
chromatography-tandem mass spectrometry (LC-MS) with positive-ion detection. 

To date we have identify several putative TF partners of RHT-1, which are currently 
being further tested with BiFC. Also a number of novel derivatization agents were 
tested with GAs in positive-ion LC-MS. 
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ABSTRACT 

Cytokinins are plant hormones which affect cell divison, cell differentiation and 
senescence. Aromatic cytokinins are derivatives of adenine, that have attached 
aromatic substituent at N6 atom. These ArCKs are practically insoluble in water. 
Improved solubility of selected cytokinins in water could have great impact on the better 
availability for plants in biotechnology. 
In this research four cytokinins with different substituent in N6 position were 
synthesized (3-Hydroxy-6-benzylaminopurine chloride [m-topolinH+Cl-];6-
benzylaminopurine nitrate [BAPH+NO3]; 3-methoxy-6-benzylaminopurine chloride 
[MeOBAPH+Cl-]; 2-chloro-3-methoxy-6-benzylaminopurine chloride [RR-DH+Cl-] and 
then protonized with selected acids. Newly synthesized compounds were 
characterized by X-ray powder diffraction and NMR. The purity was determined with 
LC/MS. Compounds were tested for biological activity by detached wheat leaf 
senescence, callus and competitive AHK3 and AHK4 receptor bioassays. Finally, 
solubility of newly synthesized products was tested and compared to solubility of 
default substances. 
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PHYSICAL AND CHEMICAL ENVIRONMENT ALONG THE SOMATIC 

EMBRYOGENESIS MATURATION STAGE DETERMINE CYTOKININS AND 

AUXINS PROFILE 

 

A.M.M.D. Nascimento 1, I.A. Montalbán 1, O. Novák 2, M. Strnad 2, T. Goicoa 3, M.D. Ugarte 
3, P. Moncaleán 1 

1NEIKER. Forestry Science Department. Centro de Arkaute - Vitoria-Gasteiz (Spain), 
2Laboratory of Growth Regulators, Centre of the Region Haná for Biotechnological and 
Agricultural Research, Faculty of Science, Institute of Experimental Botany CAS, 
Palacký University Olomouc - Olomouc (Czech Republic), 3Department of Statistics, 
Computer Science and Mathematics, Universidad Pública de Navarra - Pamplona 
(Spain) 

ABSTRACT 

Previous studies in our laboratory have shown the effect of varying culture atmosphere on 
endogenous cytokinin levels after organogenesis in angiosperms and gymnosperms 
(Moncaleán et al., 2003 and 2005; Montalbán et al., 2012). In the last years, we have optimized 
different stages of somatic embryogenesis in radiata pine. This provides us a biotechnological 
tool to manipulate the physicochemical conditions at maturation phase and to study their effect 
in the final success in terms of somatic embryos produced. The aim of this study was to test 
the effect of different water availability conditions during maturation of Pinus radiata and to 
quantify the hormonal profiles of the somatic embryos developed. From our results, it seemed 
clear that low levels in the relation between IAA and CK bases+ribosides are related to the 
highest success of somatic embryogenesis process. Taking into account these results, an 
experiment increasing temperatures (23, 40, 50 and 60ºC) during different incubation periods 
(6 weeks, 90, 30, 5 min, respectively) was performed in order to analyse their effect in terms 
of quality and quantity of somatic embryos produced as well as to establish a relationship 
between the aforementioned aspects and the phytohormone metabolism. 

References:  
Moncaleán et al. 2005. Tree Physiol. 25: 1-9. 
Moncaleán et al. 2003. In Vitro Cell. Dev. Biol. Plant 39: 49-55. 
Montalbán et al. 2012. Acta Physiol. Plant. 34: 451-460. 
Acknowledgements: 
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AMM Nascimento; CYTED (P117RT0522); DECO (Basque Government) and European Union 
(MULTIFOREVER, Forest Value H2020, Id198). 
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Technical University of Braunschweig, Institute of Plant Biology - Braunschweig 
(Germany) 

 
 

ABSTRACT 

Gibberellin (GA) homeostasis in plants is achieved via complex biosynthetic and 
catabolic pathways. From cucumber seeds we isolated a novel enzyme with high 
amino acid sequence similarity to the GA 3-oxidase family. Surprisingly, this cucumber 
enzyme does not harbour 3-oxidase activity. Instead, it catalyses multiple reactions, 
including 1ß-oxidation and 9,11-desaturation of several GA substrates. 
Overexpression of this enzyme, designated CsGA1ox/des, in Arabidopsis results in 
severely dwarfed plants, indicating its catabolic function in planta. CsGA1ox/des differs 
from GA 3-oxidases in two amino acids that are part of predicted substrate binding 
domain and in one amino acid within the predicted iron binding site. Exchanging these 
three amino acids to the corresponded ones present in GA 3-oxidases adds major 3-
oxidase activity to CsGA1ox/des, and herewith the potential to form bioactive GAs 
besides of catabolic products. The impact of overexpression of engineered 
CsGA1ox/des on GA hormone homeostasis in Arabidopsis will be discussed. 
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(Germany), 2Hansabred GmbH & Co. - Dresden (Germany) 

 
 

ABSTRACT 

Abscisic acid (ABA) has been described as a key hormone of ripening in non-
climacteric strawberry fruit, regulating processes such as anthocyanin accumulation 
and fruit softening. The changes in ABA content have been studied in strawberry fruit 
development, but the products of ABA catabolism and its changes during strawberry 
ripening are not well known. In our research, we have characterized a new ABA UDP-
glucosyltransferase (GT) and quantified by LC-MS the product of its in vitro reaction, 
abscisic acid-glucose ester (ABA-GE) in green, withe and ripe fruit developmental 
stages in 5 Fragaria vesca cultivars and one cultivar of Fragaria x ananassa. We found 
that ABA-GE content increases during ripening in all F. vesca cultivars, being even 
higher than ABA content at ripe developmental stage in some cultivars. However, ABA-
GE content decreases during the ripening of F. x ananassa. On the other hand, we 
expressed the recombinant proteins encoded by the genes FaCYP707A 1/3 and 
FaCYP707A 4a, two hydroxylases previously studied at transcriptional level in 
strawberry. Both proteins have produced phaseic acid (PA), as product of 8’-
hydroxylation of ABA. In addition, PA content was quantified by LC-MS during F. vesca 
and F. x ananassa fruit development. Unlike ABA-GE content, PA content shown the 
same pattern in F. vesca as well as in F. x ananassa, exhibiting low levels at green 
and ripe developmental stage and a significant peak at white developmental stage. 
Our studies provide the first reported overview of the behavior of both ABA catabolism 
pathways during strawberry fruit development. 
 
N.E. Figueroa 
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ABSTRACT 

Gibberellins are phytohormones that regulate a wide range of developmental and 
adaptive growth processes. Although GA was first discovered as a plant growth 
regulator nearly a century ago, identifying GA distribution at the cellular level remains 
challenging due to difficulties in its monitoring and quantifying in vivo. Plants exert 
multiple layers of regulation (i.e. biosynthesis, metabolism, perception) to coordinate 
their GA responses in order to achieve proper development and growth. Recent 
evidences, including the identification of specific GA distribution patterns and 
characterization of putative GA transporters, suggest that plants also actively and 
directly regulate the movement of GA via a set of protein transporters to insure their 
localized activity. Consequently, examining the dynamics of GA flow in plants is 
imperative for understanding the function and role of this novel putative regulation 
layer. While the long-distance flow of GA through the phloem sap is extensively being 
studied, the nature of their short-distance movement remains poorly characterized. 
This is mainly due to lack of methods with sufficient resolution to introduce and then 
monitor the movement of GA, especially in vivo. We report on the development of novel 
photocaged gibberellins that, in combination with a genetically encoded GA-response 
marker, provide a unique platform to study GA movement at high-resolution, in real-
time and in living, intact plants. Applying this platform to the Arabidopsis thaliana 
endogenous bioactive gibberellin GA4, enabled the measure of kinetic parameters of 
its flow, such as decay length and velocity, in vivo. 
 
bioactive GA photo-uncaging in planta 
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ABSTRACT 

Phytohormones are a group of small molecules acting as important regulators in the 
plant development and stress responses. In the past decades, many studies have 
been performed on the identification and quantification of phytohormones in the abiotic 
stress, but their spatial distributions across different plant tissues are still unclear. Mass 
spectrometry imaging (MSI) is an advanced technique for small molecules analysis 
which has been successfully applied in the visualization of lipids, carbohydrates and 
many other plant metabolites. Previously, we have successfully performed DESI-MSI 
in the characterization of JA and its related phytohormones in from wounded leave 
samples and highlighted their unique patterns in the local damaged region. The 
following research aims to visualize phytohormones patterns from imprinted TLC 
plates and further exploring phytohormones changes across different plant tissues. 
The visualization of phytohormones via direct and indirect DESI-MSI will not only 
extend the application of MSI on small molecule analysis but also deliver a 
comprehensive map of abiotic-induce phytohormones in the whole plant. 
 
Wounded tissue 
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PROTEINS IN PLANTS 
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Wageningen University - Wageningen (Netherlands) 

 
 

ABSTRACT 

Auxin is a key phytohormone that regulates various developmental processes in plants 
through the Nuclear Auxin Pathway (NAP) by controlling the transcriptional responses 
of downstream target genes. The major components of NAP include the auxin 
receptors (TIR1/AFBs: Transport Inhibitor Response 1/Auxin F-Box), transcription 
factors (ARFs: Auxin Response Factors) and their inhibitors (Aux/IAAs: Auxin/Indole 
3-acetic acid inducible). ARFs and Aux/IAAs undergo both homo- and hetero-
oligomerization, through the PB1 domain, a key step in activation/repression of 
downstream targets. We previously showed that the PB1 domains of ARFs and 
Aux/IAAs are conserved throughout all the major clades in plant evolution. However, 
we have identified many PB1 domain-containing proteins in plants, apart from ARFs 
and Aux/IAAs, of which some have homologs in metazoans and even the unicellular 
eukaryotes. This raises important questions: (1) Do these PB1 domains interact with 
their counterparts in ARFs and Aux/IAAs? (2) Did all the PB1 domains in plants 
originate from a unique ancestor or do they share ancestry with metazoans through 
Last Eukaryotic Common Ancestor (LECA)? We answer these questions by studying 
the deep evolutionary trajectory of various PB1 domains throughout the eukaryotes. 
We found that the LECA contained at least three PB1 domains that gave rise to multiple 
orthologues later in evolution. Moreover, we postulate the properties as well as 
possible oligomerization capacities of these newly identified PB1 domains using clade-
specific sequence information in plants. 
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ABSTRACT 

Indole-3-acetic acid (IAA) is an important regulator of plant growth and development. 
IAA-mediated growth depends on the permanent establishment of IAA maxima and 
minima along plant tissues, which is achieved by transport, biosynthesis, conjugation 
and degradation mechanisms. While some IAA conjugates could function as inactive 
forms that can be reversibly hydrolyzed to free IAA, the amino-acid conjugates IAGlu 
(N-(Indole-3-ylAcetyl)-Glutamate) and the IAAsp (N-(Indole-3-ylAcetyl)-Aspartate) or 
the oxidized form of IAA (oxIAA), are irreversible catabolites. Levels of oxIAA are 
typically 1 to 4 orders of magnitude higher than IAAsp and IAGlu in every organism so 
far studied, including cyanobacteria, algae, liverworts, mosses, and angiosperms. This 
suggests that the oxidative inactivation of IAA is a major and universal route regulating 
endogenous IAA levels.   

We present here evidence supporting a minor contribution of IAA oxidation for auxin 
homeostasis in conifers. Our metabolite profiling and in-vivo labeling experiments 
show that the conjugation of IAA into IAAsp and IAGlu, likely mediated by GH3 
proteins, is the predominant catabolic pathway regulating auxin homeostasis in the 
Norway spruce (Picea abies) and two Pine species (Pinus contorta and Pinus 
sylvestris). Our phylogenetic analysis, tissue-specific RNA-seq and enzymatic assays 
suggest that the low levels of endogenous oxIAA observed are not produced by the 
Arabidopsis closely related DIOXYGENASE FOR AUXIN OXIDATION (DAO) 
enzymes in spruce. We conclude that despite auxin oxidation being a major route for 
auxin metabolic inactivation, it is dispensable during plant development, as we 
previously showed in Arabidopsis, and also during plant evolution, as presented here. 
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ABSTRACT 

Cytokinins are plant hormones with biological functions ranging from coordination of 
plant growth to the regulation of stress-related responses and senescence. We 
prepared a small library of 9-(β-D-arabinofuranosyl)-6-benzyladenine aromatic 
cytokinin derivatives and tested their activity in standardized cytokinin bioassays 
including wheat leaf senescence bioassay. Several compounds proved to be effective 
in delaying senescence in detached Arabidopsis and wheat leaves. However, 
prepared compounds failed to trigger cytokinin response in Arabidopsis cytokinin 
receptors providing experimental evidence that BAP arabinosides cannot interact 
with typical cytokinin receptors. Further, a selected compound was used as a chemical 
probe to decipher the mechanism of action in Arabidopsis. The results confirmed that 
while not possessing cytokinin properties, the selected compound can initiate several 
transcriptomic changes that protect the plant against biotic/abiotic stress conditions. 
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ABSTRACT 

Ethylene regulates many aspects of plant growth and development. It is perceived by 
a family of ethylene receptors (SlETRs) that have been well described. However, a full 
understanding of ETR function is complicated by functional redundancy between the 
receptor isoforms. Here, we characterize a new ETR that was revealed by tomato 
genome sequencing. We call it SlETR7 and it belongs to sub-family II. We confirmed 
that exogenously expressed SlETR7 binds ethylene. Histochemical GUS staining of 
pETR7::GUS in seedling and fruit (IMG and MG) indicates SlETR7 expression in 
epicotyl and fruit vascular tissues. Like other ETRs in tomato, SlETR7 expression in 
pericarp also goes up when the fruit ripens. In SlETR7 knock-out (KO) mutants, we 
observed that they do not show any obvious phenotype in plant and fruit, except more 
ethylene production at Br and Br+2days stages compared to WT. However, 
overexpressed (OE) SlETR7 lines show early flowering, short plants, and small fruit. 
We tested the gene expression of each ETR in KO and OE lines. The results show 
other ETRs expression up-regulated in KO mutants, which explain their weak 
phenotype. SlETR2 and SlETR3 are marginally overexpressed in OE lines, but the 
conclusion from OE line is convincing because their SlETR7 expression is stronger 
than any other ETRs. Globally, these results show that SlETR7 is a functional ethylene 
receptor. More work is needed to better understand sub-functionalization of ETRs in 
tomato. 
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Research, Kyoto University - Uji (Japan) 

 
 

ABSTRACT 

Strigolactones (SLs) are plant hormones that regulate shoot branching and diverse 
aspect of plant growth and development. In addition, they serve as root-derived signals 
for symbiotic and parasitic interactions with arbuscular mycorrhizal fungi and parasitic 
plants, respectively. DWARF14 (D14) has been characterized to be the receptor of 
SLs as plant hormones, but the perception mechanism for SLs by D14 has been a 
subject of debate because D14 is an α/β-hydrolase that is able to hydrolyze the SL 
molecules. We tested the D14-SL interaction using differential scanning fluorimetry 
(DSF), which can monitor the ligand inducible melting temperature shift of the receptor 
protein. We found that bioactive SLs clearly induce the melting temperature shift of 
D14, and a time-course experiment has revealed that the melting temperature shift is 
induced by the uncleaved SL molecules in prior to the hydrolytic degradation. We 
further show that an Arabidopsis thaliana D14 (AtD14) catalytic triad mutant that lacks 
enzymatic activity is still able to complement the atd14 mutant phenotype in an SL-
dependent manner. These results strongly suggest that the hydrolysis reaction 
catalyzed by D14 is not necessary for its signal transducing role. 
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ABSTRACT 

Strigolactones (SLs) act as plant hormones and their receptors have been 
characterized in several plant species. These receptors are α/β hydrolases and are 
known to cleave their SL ligand. 
SLs also play an important role in the root endosymbiosis between plants and 
Arbuscular Mycorrhizal Fungi (AMF), in which plants obtain water and minerals in 
exchange for carbon. This interaction starts with a molecular dialog, where the 
recognition of root-exuded SLs by the fungus is important for successful plant 
colonization. The mechanisms of SL perception in AM fungi remain unknown. 
However, indirect evidence suggests structural similarities between plant and fungal 
SL receptors. In particular, an inhibitor of the Petunia SL receptor DAD2 is also able to 
inhibit the effect of SLs on AM hyphal branching. Sequence analysis has revealed the 
existence of many genes encoding α/β hydrolases in the genomes of AMF, but none 
of them shows strong sequence homology with plant SL receptors. We thus performed 
3D modelling to compare the predicted structural features of fungal α/β hydrolases with 
those of DAD2. We identified several candidate proteins harbouring the expected 
conserved catalytic residues and a large binding pocket. 
We have produced recombinant proteins for some of these candidates. We will use 
thin layer chromatography and mass spectrometry to analyze SL cleavage by these 
proteins. Then, differential scanning fluorimetry and microscale thermophoresis will be 
used to investigate binding of these proteins to SLs. Finally, we will attempt 
complementation of Arabidopsis SL receptor mutants. 
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ABSTRACT 

Strigolactones control diverse aspects of belowground plant development, including 
lateral root formation and root hair elongation. To unravel the transcriptional events 
that occur upon treatment with the synthetic strigolactone analog rac-GR24, roots of 
the wild type and strigolactone-signaling mutant more axillary growth locus2 of 
Arabidopsis (Arabidopsis thaliana) were analyzed by means of RNA sequencing. 
Previously, a proteomic study revealed that the flavonol pathway was transcriptionally 
activated by rac-GR24 treatment in the root in a max2-dependent manner. Here we 
describe how this marker is embedded into a large transcriptomic network that is 
activated in the rac-GR24-treated root. We show that the transcription factors HY5 and 
TMO5L1 influence the rac-GR24 induced flavonol response. These two transcription 
factors control more than just the rac-GR24 induced flavonol response as the hy5 and 
tml5/tml5l1 double mutant displayed respectively a highly reduced or increased effect 
of rac-GR24 on the lateral root density. The myb12 mutant is defective for the rac-
GR24 induced flavonol response but is not affected in its LRD response. Finally, by 
analyzing root phenotypes and expression patterns in the d14 and kai2 mutants, we 
demonstrate that both are required to cause the rac-GR24 induced effect on roots 
while only KAI2 signaling is responsible for the higher lateral root density observed in 
the max2 mutant. Altogether we add three more transcription factors that control the 
strigolactones responses in the roots.  
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ABSTRACT 

Ethylene is a phytohormone that regulates multiple development processes including 
seed germination, root initiation, leaf expansion, flower development, and fruit 
ripening.   After a few hours of pollination, the ethylene production increases in the 
pistil. This burst of ethylene is linked to the critical role of ethylene for pollen 
germination and pollen tube growth. Some studies have suggested that the ethylene 
acts as a promoter of pollen tube growth. For a better understanding of the role of 
ethylene, we studied the impact of ethylene receptors loss-of-function mutants (ETR-
LOF) on pollen germination and pollen tube growth in tomato.  In our laboratory, we 
have generated ETR3, ETR4, and ETR7 loss-of-function single mutants, then we 
compared the pollen tube length of ETR LOF mutants with wild type (WT) and Never-
Ripe (NR, a gain of function mutant). We found that the pollen tubes of ETR3, ETR4, 
and ETR7 LOF mutants grew faster than WT. On the other hand, NR pollen tubes were 
shorter than WT tubes, and the treatment by ethylene increased the length of pollen 
tubes in all ETRs LOFs and WT, but not in NR.  The treatment by 1-
methylcyclopropene, a specific inhibitor of ETRs, decreased the pollen tube length in 
WT, and in ETR-LOFs but had no effect in NR. In conclusion, our results suggest that 
ETRs, in the active state, inhibit or reduce pollen tube growth. 
 
Effect of ethylene receptor on pollen tube growth 
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ABSTRACT 

Both ethylene gas and ethanol are known to regulate seed germination. We wondered 
whether there could be an interaction between these two carbon molecules. We 
observed that in presence of 10 µM to 1 mM ethanol, seeds germination was delayed 
in vitro.  This delay was suppressed by the presence of either a gain-of-function or 
loss-of-function mutation in the ethylene receptor (ETR) genes. These results suggest 
that the ethanol response is driven through the ETRs. Moreover, the triple response 
induced by 5 µM ACC was suppressed by 1 mM ethanol. These results suggest that 
ethanol is impacting ethylene responses. Similar results were observed with tomato 
seeds. Further studies are necessary to better characterize the level of interactions 
between plant responses to ethylene and ethanol. 
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ABSTRACT 

Parasitic plants are a global threat in agriculture as they cause substantial yield losses in many 
commercial crops. The parasite Phelipanche ramosa for example threatens winter oilseed rape 
production in France but is also an upcoming problem in other European countries. 
Phelipanche ramosa is an obligate holoparasite which is dependent on its host for the supply 
of nutrients and water. Therefore, these parasitic plants developed a crucial mechanism to 
detect the presence of their host crop before inducing germination through the recognition of 
root secreted compounds such as strigolactones. 

A family of KARRIKIN INSENSITIVE2 (KAI2) receptors is responsible for the perception of 
these root secreted compounds in parasitic plants. In Phelipanche ramosa, we identified 5 
KAI2 proteins that can be divided into two classes: conserved KAI2‘s (PrKAI2c) and divergent 
KAI2’s (PrKAI2d1-4). The goal of this research project is to unravel the function of these KAI2 
proteins in SL perception and to identify new molecular players in the signalling complex 
needed to induce strigolactone dependent seed germination. We performed interspecies 
complementation assays of the Arabidopsis htl-3 mutant with the conserved (PrKAI2c) and 
one of the most divergent (PrKAI2d3) KAI2 homologs of Phelipanche ramosa in order to 
assess the functionality of those proteins. Catalytic site mutants of both proteins were also 
introduced in the same background. We investigated the germination and hypocotyl 
phenotypes of these plants. Recombinantly produced proteins were used in an in vitro 
approach to assess binding affinity and hydrolysis activity of different strigolactone-like 
molecules. 

 
Anse Jacobs 
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ABSTRACT 

DWARF14 LIKE / KARRIKIN INSENSITIVE2 (D14L/KAI2) is a paralog of DWARF14 
(D14), a strigolactone receptor. D14L/KAI2, however, perceives not strigolactones but 
karrikins, smoke-derived compounds which induce seed germination and 
photomorphogenesis. In addition, D14L/KAI2 is thought to perceive unidentified plant 
hormones other than karrikins, because rice d14l mutant and Arabidopsis kai2 mutant 
exhibit disturbed seed germination and photomorphogenesis phenotypes without 
karrikin treatment. Furthermore, rice d14l mutant lacks the responses to arbuscular 
mycorrhizal fungi (AMF), indicating that AMF-derived signaling compounds induce 
symbiotic responses to AMF in rice via D14L/KAI2 pathway. We aim to identify these 
unidentified plant hormones and AMF-derived signaling compounds. 

We revealed that D14L2a and D14L2b, paralogs of D14 and D14L, are induced during 
AM symbiosis. They were not induced in d14l mutant, indicating that this induction is 
D14L dependent. Therefore, we established an assay system to detect the compounds 
which activate D14L/KAI2 pathway based on D14L2b expression. We found that the 
extract of AMF induces D14L2b expression and are trying to isolate the compounds. 
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ABSTRACT 

Cytokinins are essential throughout the plant life for growth, development and stress 
adaptations. Therefore, cytokinin levels and response are tightly regulated. While 
cytokinin biosynthesis, metabolism, perception, and signaling are highly studied, our 
knowledge of cytokinin movement and localization is limited as only a few cytokinin 
transporters were found. Identification of novel transporters activities is a challenging 
task due to the multi-gene families and vast redundancy, masking the effect of single 
gene knockouts. In order to overcome this difficulty, we used a transportome, multi-
targeted forward-genetic screen based on artificial microRNAs (amiRNAs). We 
generated a library of 3,000 T2 amiRNA lines expressing 1,777 amiRNAs targeting 
subclades in transporter families and identified mutants showing diverse cytokinin 
related-phenotypes. Biochemical transport assays showed significant cytokinin 
transport in Xenopus laevis oocytes. Knockout of multiple Purine Permease (PUP) 
cytokinin transporters revealed various and opposing plant growth and development 
phenotypes. PUP miss-expression lines showed abnormal distribution of cytokinin 
response (TCS:Venus) accompanied by sever defected development. While several 
PUP transporters were found to localize to the plasma membrane, some were localized 
to the vacuole, suggesting for different mechanisms and specificity.   
 
 
 

POSTER PRESENTATION 



 

3 

P171 

 

ANALYSIS OF THE MOLECULAR COMPONENTS OF AUXIN TRANSPORT THAT 

CONTROLS LATERAL ROOT SPACING IN ARABIDOPSIS 

 

J. Chen 1, M. Geisler 2, E. Shani 3, T. Beeckman 1, S. Vanneste 1 

1VIB-UGent Center for Plant Systems Biology - Gent (Belgium), 2University of 
Fribourg - Fribourg (Switzerland), 3Tel Aviv University - Tel Aviv-Yafo (Israel) 

 
 

ABSTRACT 

Auxin is a key hormone in many plant developmental programs, including lateral root 
development, therefore, plants have established intricate mechanisms to control auxin 
distribution within tissues. AUX1 is central to the major auxin uptake mechanism in the 
inward radial auxin transport route that controls prebranch site formation. However, the 
efflux components remain elusive and current model contains important inaccuracies 
at the level of the auxin efflux components in the root meristem. 

We performed a multi-targeted gene-silencing strategy to overcome the potential 
genetically functional redundancy among ABCBs and identified an uncharacterized 
subgroup of ABCBs mediating the inward radial auxin transport controls lateral root 
formation. Oscillatory auxin signal visualized by DR5::LUC indicated that the lateral 
root defect of silencing lines of subgroup ABCBs is rather derived from an impaired 
auxin pulse amplitude than from an impaired frequency of auxin pulses. We 
corroborated the results of the silencing approaches genetically by a multiplexed 
sgRNA CRISPR/Cas9 and recovered a genetically inheritable large deletion of 59kb, 
which corresponds to a abcb15, b16, b17, b18, b22 quintuple loss-of-function mutant. 
Moreover, for ABCB15, B16, B17, B18 and B22 the coding region was fused to YFP 
and overexpressed in N. bethamiana leaves, showing plasma membrane localization. 
Overexpression of these constructs stimulated IAA efflux from protoplasts at rates 
comparable to those of ABCB1, suggesting that subgroup III ABCBs define a new 
group of plasma membrane localized auxin transporters. 

In conclusion, our results reveal that ABCB-mediated auxin transport in specific root 
tissues controls lateral root spacing. 
 

POSTER PRESENTATION 



 

4 

P172 

 

A MECHANISM FOR XYLEM LOADING OF CYTOKININ MEDIATED BY ABCG14 

 

T. Kiba 1, M. Kamiya 1, Y. Takebayashi 2, M. Kojima 2, H. Sakakibara 1 

1Nagoya University - Nagoya (Japan), 2RIKEN CSRS - Yokohama (Japan) 

 
 

ABSTRACT 

Roots and shoots communicate each other to coordinate plant growth in response to 
environmental changes. Cytokinins (CKs), a class of phytohormones translocated via 
phloem and xylem, play a key role in the communication. ABCG14 is a factor required 
for xylem loading of CKs for root-to-shoot CKs translocation in Arabidopsis. 
However, the molecular mechanism underlying ABCG14-mediated xylem loading of 
CKs remains unknown. Here, we studied transport properties of ABCG14 and spatial 
requirement of its activity. Characterization of CK transport activity in transgenic 
Arabidopsis T87 cultured cells expressing ABCG14 indicated that ABCG14 mediates 
export of CK precursors. To test in which cell type ABCG14 activity is required for 
xylem loading of CKs, we generated a series of transgenic lines expressing ABCG14 
under cell type-specific promoters in abcg14 background, and phenotypic recovery 
and cytokinin levels in xylem sap were evaluated. Though exo-vascular expression of 
ABCG14 was not effective, endo-vascular expression with some cell type-specific 
promoter partially recovered the phenotype and xylem sap cytokinin. Based on these 
data, the mechanism for xylem loading of CKs will be discussed. 
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ABSTRACT 

NITRATE TRANSPORTER 1/ PEPTIDE TRANSPORTER FAMILY (NPF) proteins 
have been shown to transport not only nitrate and small peptides (di- and tri-peptides) 
but also phytohormones (auxin, abscisic acid, jasmonates, and gibberellin) and 
secondary metabolites (glucosinolates and alkaloids). These suggest that NPFs play 
important roles in many aspects of plant development and environmental responses. 
Among 53 NPFs in Arabidopsis, we recently identified a protein involved in root 
gravitropism. Loss of function of the NPF disturbed the root responses to gravity. This 
phenotype was rescued by exogenous application of indole-3-acetic acid (IAA), the 
major endogenous auxin, indicating that the NPF is required for auxin-dependent root 
gravitropism. Interestingly, a decreased level of indole-3-butyric acid (IBA), which is 
considered as a precursor of IAA, was detected in the NPF mutant roots while the 
levels of IAA and IAA conjugates (IAA-aspartate, -glutamate, and -glucose) were 
comparable to those in wild-type. Furthermore, hormone transport assays in yeast 
showed that the NPF mediated the uptake of IBA into the cells whereas IAA was not 
efficiently transported by the same protein. Nevertheless, IBA supplementation did not 
fully recover the altered gravitropism in the NPF mutant roots. Based on these results, 
we speculate that the NPF is necessary for IBA uptake into the cells, where IBA is then 
converted to IAA to be distributed within root tissues to exhibit proper gravitropism. 
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ABSTRACT 

PIN-FORMED PROTEINs are the main facilitators of auxin efflux and play an important 
role in maintaining polar auxin transport, leading to the formation of auxin maxima and 
minima. The unique expression pattern of the PIN-FORMED PROTEINs and their 
phosphorylation-dependent activation by AGCVIII kinases are sufficient to explain this. 
The eight members of PINs from Arabidopsis thalianashare a highly conserved protein 
structure with 10 membrane-spanning α-helices and a hydrophilic loop domain.  Based 
on the length of the loop domain, the PIN-FORMED PROTEINs are divided long PINs 
localize to the plasma membrane- often in a polar fashion and short PINs, which 
localize to the endoplasmic reticulum. The loop domain was identified as target for 
phosphorylation-dependent activation by the D6 PROTEIN KINASE (D6PK) and 
PINOID (PID) kinase. Kinetic studies performed in Xenopus laevis oocytes revealed 
that the activating kinase has a major influence on the affinity (Michaelis constant, Km) 
and the maximum transport rate (Vmax) of PIN1 and PIN3. This extends models of auxin 
distribution. The kinase dependence of the kinetic parameters may lead to varying 
auxin accumulation in plant cells depending on the combination of PIN-FORMED 
PROTEINs and kinase. Chimeras between PIN1, PIN2 and PIN3 were generated by 
domain swapping.  The functionality of PIN chimeras in plantawas demonstrated by 
their ability to rescue the agravitropic phenotype of the pin2mutant.  We suggest that 
the interaction of PINs and kinases goes beyond phosphorylation and the proteins 
interact in a stable complex and form a novel transport unit. 
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MAINTAINING STARCH-FILLED AMYLOPLASTS IN THE ENDODERMIS 

 

K. Song 1, D.W. Lee 2, J. Kim 1, J. Kim 1, K. Kim 3, J.S. Jeon 2, G. Choi 1 

1Department of Biological Sciences, Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon 305-701, Republic of Korea - Daejeon (Korea, 
Republic of), 2Plant Metabolism Research Center and Graduate School of 
Biotechnology, Kyung Hee University, Yongin 446-701, Korea - Yongin (Korea, 
Republic of), 3Department of Botany and Plant Sciences, Institute for Integrative 
Genome Biology, University of California, Riverside, California 92521 - Riverside 
(Korea, Republic of) 

 
 

ABSTRACT 

In dark condition, Arabidopsis seedling hypocotyls display negative gravitropism that 
is disrupted in the light. One of major light signaling factors, PHYTOCHROME-
INTERACTING FACTORS(PIFs) are important to display hypocotyl negative 
gravitropism, that pifQ mutant, which lacks PIF1, 3, 4, and 5 is agravitropic even in the 
dark.  In previous research, we figure out endodermal PIF1 is sufficient to rescue 
disrupted hypocotyl negative gravitropism of pifQ mutant. To discover the downstream 
signaling factor of endodermal PIF1 in regulating hypocotyl gravitropism, we treated 
EMS(Ethyl methanesulfonate) to endodermal PIF1 line which expressed PIF1 in 
endodermis tissue in pifQ mutant background and screened the mutants which showed 
disrupted hypocotyl negative gravitropism in dark.  Among the mutants, we could 
isolate stl1 mutant which did not show any starch granule in hypocotyl even though its 
function in starch metabolism is not clearly understood. STL1 transcript and protein 
accumulation was independent to light condition, that implies STL1 regulate hypocotyl 
negative gravitropism independent to Phytochrome-PIF signaling. Also, endodermal 
STL1 was sufficient to rescue the hypocotyl negative gravitropism of stl1 mutant that 
indicate it affect hypocotyl gravitropism via starch accumulation in endodermis which 
are important for gravity sensing. STL1 exist along the wide range of starch-producing 
land plants, even in the green algae, and they were functionally conserved that support 
the importance of the STL1. 
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MAPPING PHLOEM SIEVE ELEMENT DEVELOPMENT AT SINGLE-CELL 

RESOLUTION 
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Laboratory, University of Cambridge - Cambridge (United Kingdom), 3Stem Cell 
Institute and Department of Haematology, University of Cambridge - Cambridge 
(United Kingdom), 4Center for Genomics and Systems Biology, New York 
University - New York (United States), 5Department of Biology, Utrecht University 
- Utrecht (Netherlands), 6Department of Plant Sciences, Wageningen University 
and Research - Wageningen (Netherlands) 

 
 

ABSTRACT 

Sieve elements (SE) are highly specialized conductive cells of the phloem, responsible 
for the long-distance transport of sucrose and small molecules including mRNAs and 
proteins. Its differentiation involves selective degradation and rearrangement of 
organelles, which culminates in nuclear degradation. In the root of Arabidopsis, the 
protophloem SE (PSE) developmental trajectory spans from the stem cell to the 
enucleating cell in 21 cells, being the shortest differentiation path within the proximal 
meristem. Using long-term time lapse imaging, we have monitored and traced single-
cell behaviour within the PSE. To understand the dynamics of gene expression, we 
have profiled the transcriptomes of 758 single-cells isolated by fluorescent activated 
cell sorting of protoplasts from PSE-specific fluorescent reporter lines. Moreover, our 
study has revealed antagonistic regulation of ALTERED PHLOEM DEVELOPMENT 
(APL) expression by PHLOEM EARLY DOFs (PEARs) and PLETHORAs (PLTs) to 
fine-tune the timing of PSE differentiation. 
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EXPANDING A CELL: INVESTIGATING THE ROLES OF AUXIN, GA, AND 

BRASSINOSTEROIDS IN CELL WALL MECHANICS 

 

S. Braybrook 1, L. Dedow 1, T. Ngo 1 

UCLA - Los Angeles (United States) 

 
 

ABSTRACT 

Plant cell expansion occurs when the cell wall yields to turgor pressure. This may result 
from changes in wall mechanical properties, changes in turgor, or a combination of 
these physical factors. Our work has centred on developing techniques to measure 
cell wall mechanical properties in planta, at the cell and tissue level; this has lead to 
advances in using Atomic Force Microscopy to measure cell wall elasticity and 
viscosity in living plant cells. Previously we have shown that auxin can result in 
changes in cell wall elasticity. In this work, we are expanding our reach to examine the 
effect of auxin, GA, and brassinosteroids on cell wall elasticity and viscoelasticity 
(using a new AFM-method: ‘nano-Creep’). Our mechanical measurements are 
correlated with cell expansion rates in the Arabidopsis hypocotyl. Understanding how 
these hormones alter cell expansion on a physical level is key to understanding how 
hormones ultimately affect cell expansion. 
 
AFM elasticity map of elongating hypocotyl cells 
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HIGH RESOLUTION ANALYSIS OF ABERRANT PROTOPHLOEM 

DIFFERENTIATION IN ARABIDOPSIS ROOT TIPS 

 

B. Moret 1, C.S. Hardtke 1 

Department of Plant Molecular Biology, University of Lausanne, Biophore 
Building, CH-1015 Lausanne, Switzerland. - Lausanne (Switzerland) 

ABSTRACT 

Hormones, including auxin, cytokinin, brassinosteroids (BRs) and 
CLAVATA3/EMBRYO SURROUNDING REGION-RELATED (CLE) peptides modulate 
root growth. Cross-talks among the different plant hormone pathways are essential for 
the regulation of the root meristem maintenance and the cellular differentiation. 

Root developing tissues do not differentiate simultaneously. The protophloem is the 
first proximal tissue to do so and therefore has a crucial role in root meristem 
maintenance. During its differentiation, protophloem sieve elements (PPSE) undergo 
remarkable modifications and this progressive process occurs in a very short window. 

Mutants with impaired protophloem differentiation such as brevis radix (brx) and 
octopus (ops) show undifferentiated PPSEs, so called gap cells, within otherwise 
differentiated protophloem strands. Their presence disrupts sieve tube continuity and 
compromises phloem unloading in the meristem. Secondary systemic phenotypes are 
associated with these defects, including a short root, deficiencies in BR signaling and 
impaired auxin response. 

We were able to show that BRX-mediated auxin accumulation in PPSEs as compared 
to neighboring cells is required for proper PPSE differentiation. In parallel, the activity 
of genes involved in protophloem differentiation was mapped in the root meristem of 
WT versus sensitized backgrounds. The goal of this project is to link the activity of 
auxin transporters and effectors along developing PPSE strands and achieve an 
understanding of how auxin transport and activity are integrated during PPSE 
development. Further, we aim to create a model of PPSE development that accurately 
represents auxin flux through PPSE cell files and might help us to understand how and 
why gap cells appear. 
 
 
 

POSTER PRESENTATION 



6 

P179 

 

QUANTITATIVE EARLY AUXIN ROOT PROTEOMICS IDENTIFIES GAUT10, A 

GALACTURONOSYLTRANSFERASE, AS A NOVEL REGULATOR OF ROOT 

MERISTEM MAINTENANCE 

 

Y. Pu 1, Z. Shen 2, J. Walley 1, M. Lang 1, S. Briggs 2, M. Estelle 2, D. Kelley 
1 
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- La Jolla (United States) 

 
 

ABSTRACT 

Auxin induces rapid gene expression changes throughout root development. How 
auxin induced transcriptional responses relate to changes in protein abundance is not 
well characterized. We have recently identified early auxin responsive proteins in 
Arabidopsis roots at 30 minutes and 2 hours after hormone treatment using a 
quantitative proteomics approach in which 3,514 proteins were reliably quantified. A 
comparison of the >100 differentially expressed proteins at each the time point showed 
limited overlap suggesting a dynamic and transient response to exogenous auxin. 
Several proteins with established roles in auxin mediated root development exhibited 
altered abundance, providing support for this approach. While novel targeted 
proteomics assays demonstrate that all six auxin receptors remain stable in response 
to hormone. Additionally, 15 of the top responsive proteins display root and/or auxin 
response phenotypes, demonstrating the validity of these differentially expressed 
proteins. Auxin signaling in roots dictates proteome reprogramming of proteins 
enriched for several gene ontology terms, including transcription, translation, protein 
localization, thigmatropism, and cell wall modification. In addition, we identified auxin-
regulated proteins that had not previously been implicated in auxin response. For 
example, genetic studies of the auxin responsive protein 
GALACTURONOSYLTRANSFERASE 10 demonstrate that this enzyme plays a key 
role in root development. Altogether these data complement and extend our 
understanding of auxin response beyond that provided by transcriptome studies and 
can be used to uncover novel proteins that may mediate root developmental programs. 
 
Dior Kelley 
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THE PHENOWELL SYSTEM – A NOVEL IN SOIL SCREENING ASSAY FOR LIQUID 

TREATMENTS OF PLANTS 

 

M. Mintgen 1 

VIB-UGent Center for Plant Systems Biology - Ghent (Belgium) 

 
 

ABSTRACT 

As agricultural production is reaching its limits regarding inputs and land use, the need 
to further improve plant growth under less favorable conditions is greater than ever. 
One main problem remains the limited translatability of results obtained from in vitro 
experiments to more natural growth conditions in soil. Over the last decade, 
considerable progress has been made in developing new in soil growth assays to 
tackle this bottleneck. Nevertheless, the majority of these assays uses pots or whole 
trays, which makes it difficult to control the environmental conditions the plants grow 
in and to treat individual plants. Therefore, we developed a flexible and compact in soil 
screening assay in which individual seedlings grow in wells filled with soil. A net at the 
bottom of the wells combined with a custom adapter plate allows the individual 
treatment of plants. This gives the opportunity to study of eco/genotype x environment 
x treatment interactions e.g. the drought tolerance of different ecotypes upon a 
chemical treatment. We successfully tested the assay under a broad variety of 
environmental conditions, including, different soil types, drought and salt stress. We 
obtained reproducible and dose dependent effects of the treatments. The assay makes 
use of an automated image analysis pipeline that extracts multiple growth parameters 
from individual seedlings over the time course of the experiment. We are convinced 
that the PhenoWell system promotes more extensive studies in soil under different 
environmental conditions and helps to translate findings from in vitro studies to useful 
applications in soil. 
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MULTIFACETED ACTIVITY OF CYTOKININ IN LEAF DEVELOPMENT SHAPES 

ITS SIZE AND STRUCTURE IN ARABIDOPSIS 
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1Mendel University in Brno - Brno (Czech Republic), 2VIB Center for Plant 
Systems Biology - Ghent (Belgium), 3Palacky University - Olomouc (Czech 
Republic) 

 
 

ABSTRACT 

Cytokinin has been shown to affect many aspects of plant development ranging from 
the regulation of the shoot apical meristem to leaf senescence. However some studies 
reported contradictory effects of cytokinin on leaf physiology. Thus, cytokinin 
treatments cause both chlorosis and increased greening, and both decrease and 
increase in cell size. To elucidate this multifaceted role of cytokinin in leaf development, 
we have employed a system of temporal control over the cytokinin pool and 
investigated the consequences of modulated cytokinin levels in the third leaf of 
Arabidopsis. We show that at the cell proliferation phase, cytokinin is needed to 
maintain cell proliferation by blocking the transition to cell expansion and the onset of 
photosynthesis. Transcriptome profiling revealed a novel regulation by cytokinin of a 
gene suit previously shown to affect cell proliferation and expansion, and thereby a 
molecular mechanism by which cytokinin modulates a molecular network underlying 
the cellular responses. During the cell expansion phase, cytokinin stimulates cell 
expansion and differentiation. Consequently, a cytokinin excess at the cell expansion 
phase results in an increased leaf and rosette size fueled by higher cell expansion rate, 
yielding higher shoot biomass. Proteome profiling revealed the stimulation of primary 
metabolism by cytokinin, in line with an increased sugar content that is expected to 
increase turgor pressure, representing the driving force of cell expansion. Thus, the 
developmental timing of cytokinin content fluctuations, together with a tight control of 
primary metabolism, is a key factor mediating transitions from cell proliferation to cell 
expansion in leaves. 
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UNDERSTANDING THE ROLE OF GIBBERELLIC ACID ACCUMULATION IN 

NITROGEN-FIXING LEGUME SYMBIOSIS 

 

C. Drapek 1, A. Jones 1, G. Oldroyd 1 

The Sainsbury Laboratory at the University of Cambridge - Cambridge (United 
Kingdom) 

 
 

ABSTRACT 

Plant associations with microbes at the root-soil interface are integral for nutrient 
acquisition. Legumes have adapted specialized root structures termed nodules for 
association with bacteria (rhizobia) that can fix nitrogen in a form assimilated by the 
host plant. This process is termed rhizobia-legume symbiosis. Several plants 
hormones have been intimately linked to nodule development. Among these is 
gibberellic acid (GA), a major regulator of plant development that has important roles 
in differentiation and cell elongation. There are conflicting reports for the role of GA in 
rhizobia-legume symbiosis, depending on the species and experimental conditions. In 
Pisum sativum (pea) GA-deficient mutants, there are fewer nodules; in contrast, 
exogenously applied GA inhibits nodule formation in the model legumes Lotus 
japonicus and Medicago truncatula. Transcription factors downstream of GA also have 
a role in propagating initial infection signals in the root epidermis. These results 
demonstrate that GA has an important, nuanced, and potentially, multiple different 
roles in rhizobia-legume symbiosis. In order to understand the multi-faceted role of GA 
in rhizobia-legume symbiosis, I am using an improved version of the FRET-based GA 
biosensor GPS1 to measure GA accumulation during symbiosis in vivo. Specifically, I 
am measuring GA accumulation from initial infection to mature nodule in M. truncatula. 
By modeling the dynamics of GA accumulation, we can predict in which stages and 
cell-types GA accumulation may regulate rhizobia-legume symbiosis. Understanding 
the basis of hormone signaling in nodule development will provide targets for 
engineering nodule organogenesis in non-nodulating species.  
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EXPANDING THE PANTHEON OF BRANCHING HORMONES- ABSCISIC ACID 

AND JASMONIC ACID ASCENDANT 

 

S. Finlayson 1 

Texas A&M University - College Station (United States) 

 
 

ABSTRACT 

Branching research has often focused on the effects of several major hormonal 
regulators of bud activity, including auxin, cytokinins and strigolactone. However, 
emerging evidence supports roles for new players in the branching process, including 
abscisic acid (ABA) and jasmonic acid (JA). The discovery of roles for these 
"newcomers" has been facilitated by non-targeted approaches investigating 
environmental and developmental cues that alter bud fate, rather than decapitation 
experiments that are dominated by the strong effects of the major three. Probing the 
branch inhibiting effects of low red: far red light in Arabidopsis showed that ABA plays 
a role in slowing bud development when the plant senses competition. Unlike the case 
with the major three, ABA acts downstream of the so-called branching integrator 
BRC1, and thus exerts its effects closer to the terminus of the signaling pathway. Prior 
studies going back many decades suggested that ABA might be involved in branching, 
though definitive proof was lacking. On the other hand, there has been little prior 
evidence associating JA with branching. Transcriptional profiling of sorghum axillary 
buds revealed signatures of JA signaling following leaf removal, a treatment that 
promotes development of the underlying bud. Additional experimentation 
demonstrated that JA stimulates bud growth, which is unusual since it most often 
exerts inhibitory effects. Thus, while the major three are robust and well-studied 
branching regulators, there is additional space to discover roles for neglected 
hormones with more modest effects, but which nevertheless are essential for 
generating appropriate shoot architecture. 
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WOX11 RECRUITS A HISTONE H3K27ME3 DEMETHYLASE TO PROMOTE GENE 

EXPRESSION DURING SHOOT DEVELOPMENT IN RICE 

 

Z. Yu 1, Z. Dao-Xiu 1, C. Saifeng 1 

1National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural 
University (China) 

 
 

ABSTRACT 

WUSCHEL-related homeobox (WOX) genes are key regulators of meristem activity 
and plant development, the chromatin mechanism of which to reprogram gene 
expression remains unclear. Histone H3K27me3 is a chromatin mark of 
developmentally repressed genes. How the repressive mark is removed fromspecific 
genes during plant development is largely unknown. Here, we show that WOX11 
interacts with the H3K27me3 demethylase JMJ705 to activate gene expression during 
shoot development in rice. Genetic analysis indicates that WOX11 and JMJ705 
cooperatively control shoot growth and commonly regulate the expression of a set of 
genes involved in meristem identity, chloroplast biogenesis, and energy metabolism in 
the shoot apex. Loss of WOX11 led to increased H3K27me3 and overexpression of 
JMJ705 decreased the methylation levels at a subset of common targets. JMJ705 is 
associated with most of the WOX11-binding sites found in the tested common targets 
in vivo, regardless of presence or absence of the JMJ705-binding motif. Furthermore, 
wox11 mutation reduced JMJ705-binding to many targets genome-wide. The results 
suggest that recruitment of JMJ705 to specific developmental pathway genes is 
promoted by DNA-binding transcription factors and that WOX11 functions to stimulate 
shoot growth through epigenetic reprogramming of genes involved in meristem 
development and energy-generating pathways. 
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SL/KL SIGNALING PATHWAY CONTROLS ASEXUAL REPRODUCTION OF 

MARCHANTIA POLYMORPHA 

 

A. Komatsu 1, Y. Mizuno 1, K. Kodama 2, S. Shimazaki 1, S. Naramoto 1, J. 
Kyozuka 1 

1Graduate School of Life Sciences, Tohoku University - Sendai (Japan), 2Faculty 
of Science, Tohoku University - Sendai (Japan) 

 
 

ABSTRACT 

Marchantia polymorpha (M. polymorpha), a bryophyte, propagates vigorously through 
asexual reproduction, in which new plants grow from gemmae that are produced in a 
cup called a gemma cup. Therefore, proper control of gemma production is crucial for 
efficient reproduction. It has been thought that the number of gemmae formed in a 
gemma cup is genetically controlled and adjusted depending on the environmental 
conditions, however, detailed mechanisms are unknown. We report that the number of 
gemmae in a gemma cup is controlled by Strigolactone (SL)/unknown ligand (KL) 
signaling pathway. M. polymorpha contains two KAI2 genes (MpKAI2a and MpKAI2b), 
one D3 gene (MpD3) and one D53 gene (MpD53), major signaling components in 
SL/KL signaling. In WT plants, gemma formation is stopped when the number of 
gemmae in a cup reached to a certain number. In contrast, in the loss-of-function 
mutants of MpD53, a suppressor of SL/KL signaling pathway, the gemmae number 
continued to increase resulting in formation of more than three times more gemmae 
than WT. This indicates that MpD53 suppresses gemma initiation. Moreover, less 
gemmae were formed in gemma cups in the loss-of-function mutants of MpKAI2a 
and MpD3, suggesting that the gemma number in a cup is controlled by the SL/KL 
signaling pathway. Based on these results, we propose that control of efficient 
reproduction is one of the ancestral roles of the SL/KL signaling pathway. 
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CIS-CYTOKININS FROM THE T-RNA-DEGRADATION PATHWAY IMPACT THE 

PHENOTYPE AND METABOLOME OF ARABIDOPSIS THALIANA: EVIDENCE 

FROM ATIPT2 AND ATIPT9 NULL MUTANTS 

 

C. Butler 1, 2, A. Kisiala 1, 3, N. Stock 1, 2, T. Nguyen 1, 3, N. Emery 1, 3 

1Trent University - Peterborough (Canada), 2Water Quality Center, 3Biology 
Department 
 

ABSTRACT 

Cis-isomers of the cytokinin plant hormone family are generally poorly understood and 
are thought, by many, to have low activity or impact on plant growth and development. 
Arabidopsis isopentenyl transferase (IPT) mutants with independent silencing of the 
pathway leading to cis-cytokinins (AtIPT2 & AtIPT9) were investigated at the 
phenotype and metabolite levels in different tissues at four stages of development: 
Emergence of first leaves (1.04), First flower open (6.00), Ripening of silique seed pods 
(8.00), and Mature seed (9.70). Phenotypic deviations were noted in trichome 
development, fresh weight, rosette diameter, number of non-rosette leaves, shoot 
height, delayed flowering, flower number, and carotenoids.  Hormone profiling by LC-
MS/MS showed that the AtIPT2 mutant accumulates lower total cis-zeatin-forms in the 
first leaves, as well as during silique formation. The AtIPT9 mutant showed reduced 
total cis-CK in first leaves; but, during silique development, it had higher levels of cis-
CK than those of the WT plants. Metabolomic analysis was performed by UHPLC-
HRMS/MS, and data were analyzed by XCMS Online. A total of 36 significant (p<0.05) 
metabolite features that differ in intensity and/or presence/absence vs the WT were 
noted and matched with known metabolites in databases such as METLIN and 
MassBank. This included metabolites known to be associated with: hormone cross-
talk (among CKs, auxin, & ABA), fatty acid synthesis, seed set and germination, as 
well as abiotic and biotic stress resistance. Evidence from both phenotype and 
metabolomic analyses support the hypothesis that cis-CK production is biologically 
impactful for plant growth and development. 
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TRANSCRIPTIONAL REGULATION OF HYPOCOTYL ELONGATION BY SHORT-

ROOT 

 

S. Dhar 1, J. Lim 1 
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Republic of) 

 
 

ABSTRACT 

The GRAS transcription factor, SHORT-ROOT (SHR), is well known for its role in 
formative and proliferative cell divisions in Arabidopsis roots and shoots. However, little 
is known about its regulatory role in cell elongation. Under dark-grown conditions, shr 
mutants showed a short-hypocotyl phenotype. Further analysis revealed that the 
hypocotyl phenotype of shr was due to reduced elongation of individual hypocotyl cells. 
Through genome-wide expression profiling and chromatin immunoprecipitation PCR 
(ChIP-PCR) experiments, we found that SHR directly regulates expression of XTH 
genes, which are known to be involved in cell wall modification. Intriguingly, 
overexpression of some of SHR-regulated XTH genes could suppress, at least 
partially, the hypocotyl phenotype of shr mutants. Moreover, we found that the 
restriction of SHR movement in the vascular tissues was still able to rescue the short 
hypocotyl length of shr seedlings. By contrast, under light-grown conditions, high 
temperature, BR, ethylene, and GA treatments promoted hypocotyl elongation in both 
wild-type and shr seedlings. Interestingly, shr mutants still displayed a short-hypocotyl 
phenotype in the presence of exogenous auxin (IAA). With the use of transcriptome 
analysis, we found the candidate genes that SHR likely regulates. Taken together, we 
propose that the master-regulator SHR plays an essential role in hypocotyl cell 
elongation via direct transcriptional regulation of target genes (e.g., cell wall 
modification genes) in the Arabidopsis seedlings. 
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INCREASED NODULE DEVELOPMENT COMPENSATES FOR REDUCED ROOT 

BIOMASS IN RESPONSE TO A GIBBERELLIN SYNTHESIS INHIBITOR IN 

ROBINIA PSEUDOACACIA 
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2Graduate School of Science and Engineering, Saitama University - Saitama 
(Japan) 

 
 

ABSTRACT 

Gibberellins (GAs) are involved in a broad range of physiological processes such as 
stem elongation, leaf expansion, root growth, seed germination, and plant 
reproduction. In addition, nodule development in leguminous plant roots is also 
controlled by a complex GA signaling network. Thus, an optimal level of GA signaling 
is required for nodule formation and development under natural environmental 
conditions. GA synthesis inhibitors such as pacrobutrazol and flurprimidol are 
frequently used as plant growth regulators (PGRs). It is well-known that typical 
symptoms of GA-deficiency caused by PGRs are reduced height, shorter internodes, 
compact phyllotaxis, smaller leaf area, and darker green leaves. Despite many reports 
on the impacts of PGRs on above-ground plant parts, little information is available 
concerning their impacts on below-ground plant parts, particularly on nodule 
development in leguminous tree plants. Here, we applied flurprimidol to the trunk of 
young Robinia pseudoacacia trees (2-year-old) and confirmed growth suppression of 
above-ground parts and below-ground parts. In contrast, flurprimidol application 
increased nodule number and size in compensation for decreased secondary and 
tertiary root biomass. Then, leaves accumulated central regulator amino acids for 
nitrogen metabolism, namely glutamine, glutamate, aspartate, and asparagine. These 
observations suggest that the regulatory systems of nitrogen assimilation, metabolism, 
and transportation are maintained in R. pseudoacacia roots even in GA-deficient 
conditions. This study, therefore, implies that injection of flurprimidol in tree trunks 
scarcely disturbs the rhizosphere surrounding targeted R. pseudoacacia trees.  
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LONG DISTANCE SIGNALLING DURING HYPOCOTYL ADVENTITIOUS ROOT 

INDUCTION 

 

D. Geelen 1 

Ghent University - Gent (Belgium) 

 
 

ABSTRACT 

The hypocotyl of etiolated Arabidopsis seedlings, and many other dicots, form one or 
a few roots when exposed to light conditions. The function of these adventitious roots 
is not well understood and may help support the fragile structure of the etiolated 
seedling. Application of hormones such as auxin, strongly enhances the number of 
adventitious roots formed, suggesting that auxin is the primary signal that controls the 
initiation process. A screen for alternative compounds that induce rooting at the 
hypocotyl identified a molecule that triggers massive root formation. The mechanism 
of root induction does not involve a rapid induction of auxin signaling response genes 
and in addition depends on a signaling process taking place in the cotyledons. In fact, 
root induction through drug treatment depends on the application at the cotyledons 
and treatment of the hypocotyl or the root does not result in root formation. These 
findings indicate that a rapid auxin response in the hypocotyl, typically occuring in 
plants treated with auxin, is not a requirment for adventitous root formation in the 
hypocotyl, and that a second signaling cascade in the cotyledon plays an important 
role in rooting of etiolated hypocotyls. To further resolve the mode of action of the 
newly identified root inducing compound, we have performed transcriptome analyses 
and determined the root induction phenotype of various signaling mutants. These 
studies revealed that peptide and light quality are important regulators of hypocotyl 
adventitious rooting. 
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AN RNA BINDING PROTEIN, JULGI AND ITS ASSOCIATED MODULE REGULATE 

PROTOPHLOEM DIFFERENTIATION 
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Science and Technology - Pohang (Korea, Republic of) 

 
 

ABSTRACT 

  Phloem functions as a living conduit to conduct products of photosynthesis, organic 
compounds and diverse signaling molecules, thereby playing fundamental roles in 
plant growth and development. Phloem development involves in complicated 
coordination of cell fate determination, cell division, and terminal differentiation into 
sieve elements (SEs). The sophisticated control of these processes have been 
unveiled with identification of regulatory factors. An RNA binding protein, JULGI is an 
emerging key regulator integrating cellular energy status into phloem differentiation. 
JULGI binds to G-rich sequence in 5’UTR of SUPPRESSOR OF MAX 2 1-LIKE4/5 
(SMXL4/5) mRNAs which is the central regulators of phloem differentiation and inhibits 
their translation. Finally, JULGI optimizes the capacity of phloem according to the 
cellular energy status. Here, we elucidate that JULGI expression is initiated in sieve 
element-procambium stem cell and terminated with maturation of protophloem sieve 
element. The deficiency of JULGI shows accelerated tangential division of sieve 
element precursors and maturation of sieve elements. It indicates that JULGI is 
involved in specification of protophloem. In addition, we identified the upstream 
regulators of JULGI through in sillico data analysis. These transcription factors 
integrate developmental cues to optimize protophloem sieve element formation. These 
results propose the role of JULGI during protophloem differentiation and how JULGI-
associated module including upstream regulators and downstream targets 
orchestrates phloem differentiation. 
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National Research Council - Research Institute on Terrestrial Ecosystems, 
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ABSTRACT 

Plant based remediation (Phytoremediation) technologies offer a broad range of 
applications, and can be used for many kinds of contaminants (organics and 
inorganics) and media (soil, sediment, water, wastes). Plants offer their potential and 
efficiency in treating contaminants but new approaches are needed to implement the 
effectiveness of the technologies. Two case studies are presented to show the effects 
of exogenous phytohormone supply, in particular cytokinines alone or in combination 
with treatments to aid the metal uptake by plants and the plant growth. These 
investigations (different experimental scale from microcosm to pilot trials), integrating 
soil chemistry with plant biology expertise, showed that specific soil treatments 
combined with phytohormone addition in a Modulated Application (MA) gave 
impressive advancement in the technology performance. In microcosm test it was 
investigated mercury phytoextraction combining Cytokinine (CK) and thioligand (TS) 
treatments. Results showed the synergistic effects of MA treatment on increased Hg 
phytoextraction up to 450%. In one growing cycle the plants reduced labile-Hg pools 
of about 40%. In pilot test  it was investigated boron phytoextraction combining CK 
treatment in a MA with nitrogen fertilization. Results showed that the MA provided a 
synergistic effect on morphological, physiological parameters and biomass production 
as a whole. The MA aid to overcome the stress caused by boron phytotoxicity and 
improved its phytoextraction by five times. The MA based on plant growth regulator 
could be extended to further cases of contamination where phytotoxicity and/or 
contaminant characteristics can affect the applicability and efficiency of plant based 
remediation technologies. 
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ABSTRACT 

   It is known that transgenic plants with high expression of a 2-oxoglutarate-dependent 
dioxygenase (DOX, 2ODD) gene which belongs to the clade DOXC41 show dwarfed 
phenotypes. However, the function of this gene product is unknown. Several 
hydroxylase genes for mugineic acid required for iron uptake in rice and some 
hydroxylase genes for hyoscyamine, one of the tropane alkaloids, are categorized to 
this clade. To elucidate the function of this gene product, we produced Arabidopsis 
transformants overexpressing of the gene. First, we examined some genes expression 
in the transformants by qRT-PCR. The expression of this gene was detected only in 
the transformants, not in vector-control plants. Also, we confirmed that there was a 
good relationship between gene expression and phenotypes. Based on the 
expressional results, some fluctuation of phytohormones were deduced in the 
transformants, compared with those in the control plants. So now, we are proceeding 
the quantificational analysis of phytohormones and the biochemical analysis of the 
gene product. 
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ABSTRACT 

Shoot branching is an important factor controlling plant architecture and contributes to 
crop productivity. As integral components of many signaling networks, phytohormones 
are involved in the regulation of shoot branching. Brassinolide (BR) and gibberellin 
(GA), two classes of phytohormones, are involved in shoot branching but it has been 
unclear whether they are involved in the initial trigger stage and/or the subsequent 
elongation growth of buds into branches. Our study indicates that BR and GA are 
involved in bud elongation stage but can not trigger the initiation of bud outgrowth. The 
dormant axillary bud treated with exogenous BR and GA showed no bud outgrowth in 
six days in garden pea. BR biosynthesis mutant (LKB) showed no bud elongation 
difference in first two days after decapitation treatment compared with WT. BR 
treatment on cytokinin (CK) released LKB buds promoted bud elongation only at two 
days after treatment. Experiments testing GA showed similar results to that for BR. GA 
treatment on CK released WT buds promoted the bud elongation only after two days. 
GA inhibitor treatment could only inhibit released bud outgrowth after two days and 
exogenous application of GA could reverse this effect. All these results suggest that 
BR and GA promote bud elongation but are not involved in dormant bud release. 
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ABSTRACT 

In many plant species, exogenously applied auxin and cytokinin are required to induce 
adventitious shoot formation. In ipecac (Carapichea ipecacuanha (Brot.) L. 
Andersson), however, adventitious shoots are formed on apical region of internodal 
segments without phytohormone treatment. In contrast, auxin accumulated in basal 
region of internodal segments. When the biggest shoot was removed, other 
adventitious shoots began growing. It is similar as is a break of apical dominance. In 
apical dominance, auxin promotes biosynthesis of strigolactones (SLs) that inhibit the 
polar auxin transport. In this study, we investigated influence of auxin and SL on 
adventitious shoot formation in ipecac. When we applied 1-naphtaleneacetic acid 
(NAA), number of adventitious shoots decreased significantly. When we applied 
synthetic SL (GR24), number of adventitious shoots decreased in apical region of 
intermodal segments, whereas number in middle region slightly increased. IAA level 
significantly decreased in basal region of internodal segments by GR24 treatment. 
When we applied NAA in apical region and GR24 in basal region at the same time, 
number of adventitious shoots formed decreased slightly compared with number of 
shoots after NAA or GR24 treatment. In this study, we found that auxin suppressed 
adventitious shoot formation. SL suppressed not only adventitious shoot formation but 
also the polar auxin transport. Therefore, adventitious shoot formation of ipecac might 
have a similar system as apical dominance. 
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ABSTRACT 

 Strigolactones (SLs) are synthesized from β-carotene through sequential reactions by 
D27, D17, D10, and OsMAX1. Rice roots can produce SLs in response to nitrogen, 
phosphate, or sulfate deficiencies (−N, −P, and −S). SL mutants show increased 
lamina joint (LJ) angle as well as dwarfism and enhanced shoot branching. LJ angle is 
well known to be regulated by brassinosteroids (BRs). In this study, we evaluated 
effects of SL and BR in lamina joint using rice dwarf (d) mutants. LJ angle of the second 
leaves was 26.4° in WT and 85.4° in d mutants. The LJ angle decreased by 20 µM 
GR24 treatment. When rice seedlings were cultivated under –N, –P, and –S, LJ angle 
decreased by 9.6° in WT, but did not change in d mutants. In addition, SL biosynthetic 
gene D10 expression in LJ was up-regulated under –P. Furthermore, we evaluated 
effect of a BR biosynthetic inhibitor, brassinazol (BRZ) in LJ angle. LJ angle was 
markedly reduced by 1 µM and 10 µM BRZ treatment, and was completely recovered 
by 2 µM brassinolide treatment. Finally, we analyzed BR contents in the LJ in WT and 
d mutant. However, there is no significant difference between WT and d mutants on 
BR contents. These results indicate that SLs do not regulate LJ inclination through BR 
signaling. 
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ABSTRACT 

Submergence induces hypoxia in plants; exposure to oxygen following submergence, 
termed reoxygenation, produces a burst of reactive oxygen species. The mechanisms 
of hypoxia sensing and signaling in plants have been well studied, but how plants 
respond to reoxygenation remains unclear. Here, we show that reoxygenation in 
Arabidopsis thaliana involves rapid accumulation of jasmonates (JAs) and increased 
transcript levels of JA biosynthesis genes. Application of exogenous methyl jasmonate 
improved tolerance to reoxygenation in wild-type Arabidopsis; also, mutants deficient 
in JA biosynthesis and signaling were very sensitive to reoxygenation. Moreover, 
overexpression of the transcription factor gene MYC2 enhanced tolerance to post-
hypoxic stress and myc2 knockout mutants showed increased sensitivity to 
reoxygenation, indicating that MYC2 functions as a key regulator in the JA-mediated 
reoxygenation response. MYC2 transcriptionally activates members of the VITAMIN C 
DEFECTIVE (VTC) and GLUTATHIONE SYNTHETASE (GSH) gene families, which 
encode rate-limiting enzymes in the ascorbate and glutathione synthesis pathways. 
Overexpression of VTC1 and GSH1 in the myc2-2 mutant suppressed the post-hypoxic 
hypersensitive phenotype. The JA-inducible accumulation of antioxidants may 
alleviate oxidative damage caused by reoxygenation, improving plant survival after 
submergence. Taken together, our findings demonstrate that JA signaling interacts 
with the antioxidant pathway to regulate reoxygenation responses in Arabidopsis. 
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ABSTRACT 

Ionizing radiation (IR) is part of the natural environment and includes cosmic radiation 
and radiation from radionuclide-containing bedrock, soils and sediments as well as 
releases from anthropogenic activities like nuclear power plant accidents, nuclear 
weapons and medical use. High IR levels are well known to cause damage and 
mortality in plants, particularly in conifers. However, effects of low-moderate IR have 
been studied to a limited extent only, and although several stressors are known to 
affect plant growth regulation, information about effects of IR on hormone physiology 
is scarce. We aimed to study effects of low-moderate doses of gamma radiation in 
Norway spruce seedlings using a 60Co gamma source (1-100 mGy h-1) and an RNA 
seq-approach. Gamma dose rates of 100 mGy h-1 for 48 h resulted in reduced shoot 
elongation as compared to lower dose rates and unexposed controls but no visible or 
histological damage was observed. Growth reduction coincided with downregulation 
of genes related to auxin-response and transport, cytokinin-metabolism and 
gibberellin-regulated proteins. A range of ethylene-responsive transcription factors 
were also down-regulated. Also at a lower dose rate (40 mGy h-1) not significantly 
affecting shoot elongation at the end of the gamma exposure, such changes were 
observed, consistent with growth inhibition post-irradiation. Also, consistent with the 
reduced growth and altered hormone physiology, a range of cell cycle-genes were 
down-regulated. In conclusion, low-moderate gamma radiation levels reduce shoot 
elongation in Norway spruce seedlings, and this is associated with modulation of 
hormone metabolism and signalling. 
 
 
 

POSTER PRESENTATION 



 

 

4 

P198 

 

ROOT MORPHOGENIC RESPONSES UNDER SALT STRESS: CONTRIBUTION 

OF AUXIN PERCEPTION AND SIGNALING 

 

F. Garrido 1, D. San Martín 1, J. Obrien 1 

Department of Molecular Genetics & Microbiology, School of Biological 
Sciences, Department of Fruit Production and Enology, School of Agricultural 
and Forest Sciences, Pontificia Universidad Catolica de Chile. - Santiago (Chile) 

 
 

ABSTRACT 

High salt concentration in soil modulates in a negative manner plant growth and 
development due to an increase in osmotic stress and ion toxicity. In roots, high soil 
salinity causes inhibition of both primary root elongation and number of lateral roots. 
Auxin has a key role in the modulation of root architecture throughout the life cycle and 
in response to environmental stresses. To achieve this, auxin has a complex signaling 
pathway that involves the perception of the hormone, degradation of a repressor 
complex and the transcriptional expression of auxin-responsive genes.  Auxin F-box 3 
receptor (AFB3) is one of the four auxin receptors described in Arabidopsis thaliana. It 
has been found that this receptor is involved in the modulation of root architecture, 
depending on nutrient availability. The putative downstream regulatory network in this 
context has previously been proposed, identifying NAC4 and OBP4. Here we showed 
that over-expression of AFB3 exhibited increased resistance to salt stress in terms of 
lateral root density and germination rate. We also studied the downstream signaling 
components to further characterize the role of auxin in response to salt stress. These 
results give lights of the possible mechanism that leads to the modulation of the root 
system architecture in response to salt stress. The effect on root plasticity commanded 
by the auxin signaling pathway could then be modulated to give a tolerant phenotype 
under stress conditions allowing better performance in unfavorable environments. Soil 
salinity has been a key problem for crops production worldwide.  
 

POSTER PRESENTATION 



 

 

5 

P199 

 

MIR156 TRANSDUCES THE STRIGOLACTONE SIGNAL UNDER DROUGHT 

STRESS IN TOMATO 

 

A. Schubert 1, P. Korwin 1, E. Deva 1, C. Lovisolo 1, I. Visentin 1, F. 
Cardinale 1 

University of Turin - Grugliasco (Italy) 

 
 

ABSTRACT 

Strigolactones (SL) control plant architecture and interactions with rhizosphere 
organisms. Recently, a role of SL in plant responses to drought stress has been also 
demonstrated. Tomato (Solanum lycopersicum L.) plants defective in SL biosynthesis 
are more sensitive to drought and this is not only dependent on changes in abscisic 
acid (ABA) levels but rather on decreased stomatal sensitivity to ABA. As SL are 
mostly synthesized in the root and transported to the shoot, they can contribute to a 
root-to-shoot drought signal. Accordingly, SL concentration decreases in roots under 
drought stress, while we observe enhanced SL biosynthesis in shoots, and 
correspondingly an intensification of stomatal closure due to higher sensitivity to ABA. 
We are searching for downstream effectors of SL action under drought stress and we 
are focusing on miR156, a small RNA with a pivotal role in the control of growth and 
stress responses in plants. We show that miR156 concentration increases under stress 
but only in presence of SL (i.e. it is not recorded in SL biosynthetic mutants), while 
synthetic SL treatments increase miR156 concentration in absence of stress, by 
enhancing transcription of MIR156 genes, and processing to mature miRNAs. A 
tomato line overexpressing a MIR156 gene exhibits increased stomatal closure and 
shows increased sensitivity to ABA, suggesting that miR156 concentration can 
transduce the effects of drought stress-induced changes of SL levels in the shoot. 

This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under Grant Agreement n. 727929 - TOMRES 
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ABSTRACT 

Strigolactones (SLs) are relatively recent addition to the class of plant hormones. They 
regulate various above and below ground developmental events in plants. Apart from 
their developmental role, recent studies showed that SLs can act as responsive 
molecule during various plant biotic and abiotic stress conditions. To gain further 
insight into their versatile functions in plants, we have conducted a transcriptome-wide 
study using synthetic SL specific isomer GR24 5DS. In general, the differentially 
expressed transcripts mainly have their assigned roles in cell division, cell 
organization, vesicle trafficking, transcription regulation and RNA processing. 
Significantly high number of differentially expressed transcripts were also involved in 
plant biotic-abiotic stress responses, hormonal pathways and plant development. 
Interestingly, forty three differentially regulated transcripts were mapped to 
photosynthesis. Additionally, we found transcripts that are also involved in cold stress 
tolerance. We further explored the direct role of SLs in regulating photosynthesis and 
also their possible role in cold stress tolerance. Our data suggest that SLs might have 
a direct role in enhancing photosynthesis and cold stress tolerance in Arabidopsis. 
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ABSTRACT 

Management of elongation growth is essential for year round production of high-
quality, compact-shaped plants in greenhouses. Elongation is usually suppressed by 
spraying chemical plant growth regulators, but the use of chemicals needs to be 
reduced and replaced by more sustainable methods. In greenhouses and other closed 
plant production systems light quality treatments can be used to control plant growth. 
However, empirical testing of treatments by plant phenotyping is time consuming and 
labour-intensive. Information on the direct effect of light quality treatments on key 
genes involved in plant growth may help to predict the long-term effectiveness of such 
treatments on plant growth. 

In this project, supported by 22 horticultural companies, we developed LUMINATOR, 
a self-built system for semi-continuous monitoring of firefly luciferase reporter gene 
activity in Arabidopsis under controlled environmental conditions. LUMINATOR was 
used to monitor direct responses of plants expressing key reporters for plant growth to 
different light quality treatments. Reporters included PIF4::LUC, IAA29::LUC (activity 
associated with increased cell elongation) and HY5::LUC (activity associated with 
suppression of cell elongation). We found that one hour additive blue light during the 
morning, but not during the evening, lead to decreased PIF4::LUC and IAA29::LUC 
activity, while HY5::LUC activity increased. Additional red light only lead to decreased 
PIF4::LUC and IAA29::LUC activity when provided during the evening. Measuring 
growth of young tomato plants under light regimes based on treatments tested in 
LUMINATOR showed that short-term responses of selected reporters were predictive 
for long-term plant growth responses.   
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ABSTRACT 

Plants as sessile organisms have to rapidly react and respond to a myriad of external 
signals such as fluctuating nutrients availability, drought, heat, cold, high salinity, or 
pathogen/pest attacks that can severely affect their development, growth, and fertility. 
Auxin and cytokinin, long known as the yin-yang of plant development, have been 
recognized as key regulators of these defense and adaptation mechanisms. The 
dynamic and complementary actions of both hormone pathways in the plethora of 
developmental processes, and their ability to crosstalk makes them ideal candidates 
for mediating stress-adaptation responses. In particular, the tightly controlled 
distribution of auxin which has significant impact on the plasticity of plant growth and 
organogenesis has appeared to be an important target for environmental signals. The 
family of PIN-FORMED (PIN) proteins represent one of the most important auxin efflux 
carriers. Due to their polarized localization they can achieve directional auxin transport 
important for different developmental processes along plant life. Recently, the efforts 
of our group to explore molecular pathways controlling expression of the PIN auxin 
efflux carriers led to identification of transcription factors belonging to the C2H2-type 
zinc finger (ZF) family, which have been shown to play diverse roles in the plant stress 
responses. Within my project I will investigate the role of ZF transcription factors and 
PIN-mediated auxin transport in the regulation of hormonal crosstalk during abiotic 
stress response. 
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ABSTRACT 

In turf industry heavy use of fertilizers destroying our environment. For its control, we 
design a hypothesis that natural plant extracts may alleviate negative effects of abiotic 
stresses. To test this hypothesis, a field trial was executed to evaluate the effect of 
natural plant extracts on growth, physiology and quality of Cynodon dactylon under 
summer stress by following Randomized Complete Block Design. When turf 
established properly then stop watering and after fifteen day extracts of 
Moringa oleifera leaves (3%), seaweed Ascophyllum nodosum (0.2%), sorghum water 
(3%) and sunflower water (3%) were foliar applied while water spray served as control. 
Same treatments were repeat with an interval of 15 days. Results showed that plant 
extracts had variable but positive effect on  tiller height, number of nodes, leaf area 
index, root length, root-shoot fresh weight, and root dry weight. However, root-shoot 
fresh weight ratio and shoot dry weight did not affect significantly by the application of 
plant extracts under study. Moreover, physiological attributes like chlorophyll contents, 
cell membrane thermo stability, ascorbic acid contents, osmotic adjustment, relative 
water and K-contents as well as turf quality were also improvd. Furthermore, moringa 
and seaweed extracts proved most effective equally than sorghum and sunflower 
extract.  In summary, we found that moringa and seaweed extracts are biofriendly and 
can be used to enhance aesthete value of turf by improving its growth and quality. 
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MKK7-MPK6 CASCADE REGULATES POLAR AUXIN TRANSPORT-MEDIATED 

SHOOT BRANCHING UNDER DROUGHT STRESS BY PHOSPHORYLATION 

M6IP1 IN ARABIDOPSIS 

 

S. Li 1, Y. Huang 1, Y. Liang 1, X. Wu 1, M. Ma 1, J. Li 1, Y. Wang 1 

State Key Laboratory of Plant Genomics and National Center for Plant Gene 
Research, Institute of Genetics and Developmental Biology, Chinese Academy 
of Sciences - Beijing (China) 

 
 

ABSTRACT 

Shoot branching is a highly plastic developmental process, which is regulated by both 
endogenous and environmental factors. So far, the regulatory mechanism of shoot 
branching in adaption to environmental stresses is largely unknown. Our previous 
study characterized an Arabidopsis bushy and dwarf1 (bud1) mutant, in which the 
MKK7 is constitutively activated, resulting in multiple phenotypic alterations. We further 
revealed that MKK7 controls plant development by specially phosphorylating MPK6. 
Here, we identified a MPK6-interacting protein through yeast two-hybrid screening, 
which is designated as M6IP1. M6IP1 could be phosphorylated by the MKK7-MPK6 
cascade at two conserved serine residues in vitro and in vivo. Intriguingly, we found 
drought stress could enhance M6IP1 phosphorylation. Genetic evidence showed that 
the branch number of the m6ip1  and the transgenic plants harboring the phospho-
mimicking M6IP1D is undistinguishable to that of the wild-type plants under normal 
condition. However, under drought stress, m6ip1 showed significantly reduced branch 
number compared to the wild type, whereas, 35S:M6IP1D transgenic plants displayed 
more branches. We further demonstrated that M6IP1 played an important role 
downstream of the MKK7-MPK6 cascade in regulating polar auxin transport-mediated 
shoot branching under drought stress. Thus, our results revealed the roles of MKK7-
MPK6-M6IP1 mediated growth, establishing a link between branching plasticity and 
drought stress. 
 

POSTER PRESENTATION 



 

 

11 

P205 

 

CYTOKININ AND TEMPERATURE - OMICS PERSPECTIVE 

 

M. Cerný 1, J. Novák 1, M. Luklová 1, J. Pavlu 1, D. Alabadí 2, B. Bretislav 1 

1Mendel University in Brno - Brno (Czech Republic), 2CSIC-Universidad 
Politécnica de Valencia - Valencia (Spain) 

 
 

ABSTRACT 

Ambient temperature is a key environmental factor regulating plant growth and 
development. Cytokinin has been implicated in temperature response, but its role has 
not yet been analysed in details. Here, to provide an insight into the role of cytokinin in 
response to higher ambient temperatures, we employed model plant Arabidopsis 
thaliana.  Our in-depth analyses showed that increased temperature depletes cytokinin 
pool but sensitizes cytokinin signalling. We analyzed mutant phenotypes, cytokinin-
related transcripts and proteome, and identified a number of players that participate 
in thermomorphogenesis, including cytokinin response regulator ARR1, proteins 
involved in the formation of endoplasmic reticulum bodies, and proteins regulating the 
cytoskeleton. Our temporal proteomics profiling also indicated that cytokinin-
temperature interaction is light dependent.  

This work was supported by the Ministry of Education, Youth and Sports of the Czech 
Republic – Project ‘Centre for Experimental Plant Biology’ No. 
CZ.02.1.01/0.0/0.0/16_019/0000738. 
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THE ABSCISIC ACID-RESPONSIVE SUCROSE NON-FERMENTING RELATED 

KINASE1 NETWORK PLAYS A ROLE IN ABIOTIC STRESS RESPONSE 

 

C. Carianopol 1, A. Chan 1, S. Lumba 1, S. Gazzarrini 1 

University of Toronto - Toronto (Canada) 

 
 

ABSTRACT 

Environmental stress greatly affects plants growth, posing challenges to food security. 
The yeast Snf1 (Sucrose non-fermenting1), mammalian AMPK (5' AMP-activated 
protein kinase) and plant SnRK1 (Snf1-Related Kinase1) are highly conserved 
heterotrimeric kinase complexes, activated under metabolic stress to re-establish 
energy homeostasis in eukaryotes. The hormone abscisic acid (ABA) plays a crucial 
role in plant stress response, and activation of SnRK1 or ABA signaling results in 
overlapping transcriptional changes, suggesting these two stress pathways share 
common targets. To investigate how SnRK1 and ABA interact to regulate stress 
responses in Arabidopsis thaliana, the SnRK1 complex subunits were screened by 
yeast two-hybrid against 258 ABA-responsive proteins. 125 mostly novel SnRK1-
complex interactors were uncovered. Network analysis indicates that a subset of 
SnRK1 kinase interactors forms a signaling module in response to abiotic stress. 
Functional studies show the involvement of SnRK1 and five interacting partners in 
abiotic stress responses. Simultaneous removal of SnRK1a1 and SnRK3.22, which 
belong to different signaling clusters, result in synthetic lethality, suggesting these 
kinases play critical functions also in reproductive development. This targeted study 
uncovers the largest set of SnRK1 interactors, which can be used to characterize the 
role of SnRK1 and its ABA-responsive partners in plant survival under stress. 
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BRASSINOSTEROIDS HAVE A NEGATIVE EFFECT ON SEED STORABILITY 

AFTER PRIMING TREATMENT IN ARABIDOPSIS 
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ABSTRACT 

A pre-sowing seed technique termed 'priming' is used commercially on post-harvest 
seeds to obtain vigorous seedlings as well as to synchronize their growth. This 
treatment involves imbibition of seeds in water under controlled conditions to trigger 
pre-germinative metabolism and subsequent drying of the seeds prior to full 
germination before they have lost desiccation tolerance. Aside from the benefits of 
seed priming, however, there is a trade-off as primed seed stocks generally age poorly 
during dry storage, rapidly losing their viability. The shortened storage-life of treated 
seeds is a major problem, leading to lost revenue and wastage. In this study, a 
genome-wide association study (GWAS) was carried out using 169 accessions in 
Arabidopsis to know the molecular mechanisms underlying seed storability after 
priming. 87 single nucleotide polymorphisms (SNPs) having significant correlation to 
seed storability after priming were detected and they were located in 11 genic and/or 
intergenic regions at proximity 20 genes, including sterol biosynthesis-related gene 
and signalling-related genes for the plant hormone brassinosteroids (BRs). The effect 
of BR on storage-life of priming-treated seeds was examined by priming seeds with a 
bioactive BR (24-epibrassinolide; EBL) or a BR biosynthesis inhibitor (brassinazole; 
Brz). EBL accelerated aging following priming while Brz reduced it in a concentration 
dependent manner. Furthermore, primed seeds of the BR biosynthesis-related gene 
mutants cyp85a1/a2 and det2 showed improved seed storability compared to wild type. 
These results suggest that BRs have a negative effect on seed storability after priming 
in Arabidopsis. 
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ABSTRACT 

Climatic changes are accompanied with increase of average temperatures and higher 
frequency of weather extremes. Plant growth, development and interaction with the 
environment are regulated by phytohormones. Heat stress (HS) represents very acute 
stress, associated with protein denaturation and enhanced ROS generation. Plant 
resistance to HS may be substantially elevated by acclimation. Pre-treatment at 37°C 
for 2 h diminished the negative effect of HS (45°C for 6 h) on quantum yield and non-
photochemical quenching in rice (Oryza sativa), but not on malondialdehyde content 
(reflecting membrane peroxidation). Acclimation diminished HS effect on active 
cytokinin trans-zeatin in crowns (meristematic tissues) and isopentenyladenine in 
leaves. It had positive effect on cis-zeatin, its riboside and phosphate in roots. 
Jasmonic acid levels were significantly enhanced by acclimation in leaves and crowns, 
while salicylic acid levels in roots. Low impact of acclimation was observed in the case 
of abscisic acid and indole-3-acetic acid. The results show strong organ–specificity of 
HS responses as well as crucial role of crowns for plant survival.  

Acknowledgement: The work was supported by MEYS CR, project no. LTAUSA17081. 
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ABSTRACT 

The global warming is a serious threat to worldwide food safety. During heat stress 
conditions crop production is severely affected being the reproductive organs the most 
sensitive part of the plant.  Previous studies with tomato showed that an increase in 
polyamine metabolism is essential for pollen germination and tube growth, and that 
exogenous supply of polyamines, in particular spermidine, is able to alleviate pollen 
growth defect at high temperatures.  

We are presenting our in vitro pollen growth studies, suggesting that spermidine does 
alleviate pollen sensitivity to high temperature in A. thaliana, only at certain 
concentrations and at suboptimal acidic pH (6.0). At optimal pH (7.5), we could not 
observe any positive effect on pollen thermotolerance by spermidine application. 
However, high concentration of spermidine impairs pollen growth at optimal pH. We 
have also used a polyamine oxidase triple mutant (pao2,3,4), with defective polyamine 
catabolism and increased spermidine content, showing pollen growth defect only in the 
presence of high spermidine concentrations. This confirms the inhibitory effect of 
spermidine overaccumulation on pollen growth. While the pao2,3,4 pollen apparently 
behaves similarly as wild type at optimal pH, its sensitivity to acidic pH was 
exacerbated. We can conclude that pollen thermotolerance can be highly affected by 
pH conditions thus highlighting the importance of the internal pH gradient along the 
pollen tube for optimal growth and the crosstalk of intracellular polyamine content and 
pH establishment. 
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PHOTOPERIOD STRESS CAUSED BY A PROLONGED LIGHT PERIOD INDUCES 

A STRONG OXIDATIVE BURST AND REVEALS CROSSTALK BETWEEN 

CYTOKININ, JASMONIC ACID AND THE CIRCADIAN CLOCK 
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ABSTRACT 

Plants are adapted to a diurnal rhythm of day and night. Recently, it was discovered in 
Arabidopsis that extending the light period in short-day adapted plants causes stress 
which has been named photoperiod stress. The photoperiod stress response includes 
deregulated expression of stress response genes, an oxidative burst and strongly 
increased production of jasmonic acid (JA) during the night following an extended light 
period. The next day, stressed plants show a reduced photosynthetic activity and 
eventually programmed cell death in leaves. Cytokinin (CK)-deficient plants and certain 
clock mutants show a particularly strong stress response suggesting a protective 
function of the hormone and the requirement of a functional circadian clock to cope 
with photoperiod stress. RNA-seq analysis identified numerous ROS- and JA-related 
genes to be responsive to photoperiod stress. A role of ROS during photoperiod stress 
was supported by the oxidative burst, which was shown to be at least partly due to an 
increased activity of apoplastic peroxidases and decreased activity of apoplastic 
catalases. Accumulation of JA metabolites and activation of the JA pathway seemed 
to be causally involved in generating symptoms of photoperiod stress. Consistently, 
mutation of the JA synthesis gene JAR1 strongly alleviated the stress phenotype in a 
CK-deficient background. However, in unexpectedly introgression of a mutated AOS 
JA synthesis gene in a CK-deficient background did not rescue the photoperiod stress 
phenotype. This suggests that not JA itself but an as yet unknown function of JAR1 is 
required for a strong response to photoperiod stress. 
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ABSTRACT 

Abiotic stress conditions as salinity reduce growth and limit crop production, being 
reactive oxygen and nitrogen species one of the earlier signals. Plants response to this 
situation not only with the induction of antioxidants but also  redox systems which are 
responsible of the redox sensing and signal transduction pathways in which hormones 
as ABA are key components. Dual located mitochondrial-nuclear thioredoxin (Trxo1) 
is involved in the reduction of disulfide bonds of target proteins regulating their 
activities, although its functional role under stress has been scarcely studied. In order 
to gain insight into Trxo1 response under salinity in ABA-dependent processes as 
germination and stomatal response, we have used wild type (WT) Arabidopsis, KO 
and overexpressing (Ovx) AtTrxo1 plants treated with 100 mM NaCl. Salinity delayed 
germination in  WT seeds, while KO and Ovx mutants germinated faster and slower 
than WT, respectively, suggesting a role of Trxo1 in redox homeostasis during seed 
germination under salt conditions. KO mutants presented higher stomatal aperture in 
control conditions, and salinity provoked the closure in a similar way in all genotypes, 
in spite of the higher content of ABA presented in the mutants. ABA and H2O2 
treatments of epidermal peels affected mainly the closure of WT plants but the effect 
was lower in the mutant genotypes. These results indicate a role for Trxo1 in the redox 
control of germination and stomatal processes, mainly under salt stress, possibly 
through target proteins involved in ABA and oxidative stress signalling. 

[Supported by MEC-FEDER (BFU2017-86585-P) and Seneca 
Foundation (19876/GERM/15)].  
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ABSTRACT 

Strigolactones (SL) have recently been found to play roles in regulating plant 
development. Auxin is well known for its functions in regulating leaf and root growth.  It 
has been reported that SL and auxin interactively affect shoot and root formation. 
However, it remains unclear how SL may mediate leaf and root elongation, particularly 
for plants exposed to heat stress that inhibits leaf and root elongation and how SL and 
auxin may interactively affect leaf and root elongation under different temperatures. 
This presentation will discuss our recent studies discovering interactive mechanisms 
between SL and auxin regulating leaf and root elongation in a perennial grass species, 
tall fescue (Festuca arundinacea).  In our studies, we found that SL promoted both leaf 
and crown root elongation in tall fescue and alleviated heat stress inhibition of leaf and 
root elongation by increasing cell numbers rather than cell length, up-regulation of cell 
cycle-related genes, and down-regulation auxin transport-related genes in crown root 
tips and elongating leaves. Our studies revealed that the positive effects of SL for 
promoting leaf and crown root elongation in tall fescue and alleviating heat-inhibition 
of both leaf and root growth could be mainly due to its regulation of cell division and 
involve the interference of auxin transport. 
 
Presenter - Bingru Huang 
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ABSTRACT 

Abiotic stresses are a significant threat to crop productivity and cause major yield 
losses in crops worldwide. The agrochemical or genetic manipulation of gibberellin 
(GA) biosynthesis is a common agricultural practice. Genetic interference with the GA 
pathway in wheat and rice contributed to the “Green Revolution”. Besides germination, 
elongation growth and flowering time, GA also controls abiotic stress responses. GA 
responses are regulated by the DELLA repressors and DELLA-imposed repression 
can be relieved by GA-promoted DELLA protein degradation, which is dependent on 
GA availability and distribution at the cellular or the whole plant level. Plants repress 
growth in response to stress by increasing DELLA abundance. The mechanisms 
underlying GA control during abiotic stress are largely unclear. To understand the 
regulation mediated by DELLAs during abiotic stress, we performed time-resolved 
RNA-seq in Arabidopsis, tomato, and barley following cold treatments in the presence 
and absence of GA. Substantial RNA-seq and co-expression network analysis 
highlighted several important co-expression modules that suggest that secondary cell 
wall differentiation and maturation could be under GA-dependent regulation during 
stress. Further analysis of the transcription factor families identified in this analysis, is 
aiming at elucidating the role of DELLA in stress-responsive gene expression and cell 
wall modification at the physiological, genetic and cellular level. 
 
Alexandre Magalhaes 
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ABSTRACT 

Although plant hormones, particularly abscisic acid (ABA), have been commonly used 
as significant drought indicators, it is still not elucidated if they could be applicable as 
indicators for heavy metal-induced stress as well. In this study, cuttings of poplar 
species (Populus deltoides) were exposed to two different concentration (maximum 
allowed amount (MAA) for soil and tripled MAA according to National legislation) of 
three heavy metals (Cu2+, Cd2+ and Ni2+) that were separately applied to the soil in 
order to estimate effects of heavy metal upon accumulation of abscisic acid (ABA) and 
indole-3-acetic acid (IAA) in different plant tissue (root and leaves). By using selected 
ion monitoring (SIM) mode of gas chromatography with mass spectrometry (GC/MS) 
coupled with isotopically labeled technique, amounts of methylated esters of ABA and 
IAA were quantified. Obtained results showed that poplar species responded to 
elevated concentration of all applied metals with increased amounts of ABA at the root 
level. On the other hand, foliar levels of IAA increased under the MAA of Cu and Cd 
for 57% and 86% respectively compared to the nontreated control, while triple MAA of 
these metals induced inhibition of accumulation of IAA in leaves. There were no 
significant differences in IAA levels under elevated Ni, neither on leaf nor root level. 
Plant hormones as indicators of heavy metal stress could be indicative in distinguishing 
poplar clones according to their sensitivity to particular heavy metal which is important 
for the development of phytoremediation technology and forest management programs 
for polluted soils. 
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ABSTRACT 

Glycine Betaine (GB) is one of primary quaternary ammonium compounds which 
plants accumulate abundantly under stress conditions. In sunflower (Helianthus 
annuus), salt stress enhanced GB accumulation. Nitric oxide (NO) donor, DETA 
(diethylenetriamine) brought about no significant change in GB content even under salt 
stress. However, role of NO became evident on the application of NO scavenger, 
DETC (Diethyldithiocarbamate)  Highest abundance of GB was observed in 4 day old 
seedlings.  NO modulates GB accumulation by regulating the abundance and activity 
of its biosynthetic enzyme, Betaine-aldehyde-dehydrogenase (BADH).  In order to 
maintain the water level and transport across various plant parts under salt stress, 
aquaporins have a major role to play. Thus, accumulation of PIPs (plasma-membrane 
intrinsic proteins) and TIPs (tonoplast-intrinsic proteins), localized on plasma 
membrane and vacuolar membrane, respectively was analyzed in 2 day old, dark-
grown sunflower seedlings. PIP2 majorly exists in its dimeric and tetrameric form in 
seedling cotyledons and abundance of its tetrameric form was negatively modulated 
by salt stress. NO treatment lowered the accumulation of tetrameric form of PIP2, more 
so under salt conditions.  TIP1 abundance, unlike PIP2, was not much affected by 
either salt stress or NO treatment. PIP1 and TIP2 isoform remained undetectable. In 
roots, abundance of PIP2 and TIP1 isoforms was significantly affected by salt stress. 
Salt stress increased the abundance of these isoforms, whereas, NO application 
resulted in decreased accumulation of PIP2 and TIP1. The present work thus puts 
forward interesting correlation between GB and aquaporin expression in response to 
salt stress and NO. 
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ABSTRACT 

Polyamines (PAs) are reported to involve nitric oxide (NO) in their signaling route. 
Present investigations demonstrate influence of salt stress (120mM NaCl) and NO on 
PA homeostasis of 2-day old etiolated, sunflower (Helianthus annuus L.). NO induces 
differential PA biosynthesis and partitioning in aerial and subterranean parts of 
seedlings, with a significant increase in spermine levels both in cotyledons and roots 
but a comparatively higher retention in roots under salt stress. NO thus assists in 
adapting to salt stress by positively regulating PA homeostasis by upregulating PA 
biosynthetic enzymes (particularly arginine decarboxylase and S-
adenosinemethionine decarboxylase) and reducing the rate of PA catabolism by 
lowering polyamine oxidase (PAO) activity. Further investigations were undertaken to 
establish role of PA homeostasis in maintaining water balance in sunflower. 
Aquaporins, PIPs (plasma-membrane-intrinsic proteins) and TIPs (tonoplast-intrinsic 
proteins), regulate water transport across plasma membrane and tonoplast, 
respectively. Enhanced accumulation of TIP1 is observed in roots while it is lowered in 
cotyledons under salt stress. DFMA (DL-α-difluoromethylarginine) increases TIP1 
accumulation in roots, more so under salt stress, but not in cotyledons. DFMO (DL-α-
difluoromethylornithine) causes general reduction in TIP1 accumulation both in roots 
and cotyledons. Differential changes in PIP2 accumulation are also observed in tissues 
under salt stress—PIP2 abundance increases and decreases in roots and cotyledons, 
respectively. Upon treatment with either DFMO and DFMA, PIP2 abundance increases 
in roots but decreases in cotyledons. Thus, a direct correlation is evident between PA 
homeostasis and differential expression of PIP2 and TIP1 isoforms of aquaporins in 
seedling cotyledons and roots. 
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ABSTRACT 

Abiotic stresses have marked negative effects on agricultural productivity. Abscisic 
acid (ABA) levels rise in response to abiotic stresses, and coordinate physiological and 
metabolic responses that help plants survive stressful environments. In all land plants, 
a large family of soluble receptors is responsible for initiating the ABA signaling 
cascade that leads to stomata closure, growth arrest and large-scale changes in 
transcript levels required for stress tolerance. Arabidopsis’s ABA receptor family have 
been biochemically characterized, however, the in vivo significance of the differences 
between the receptors remain elusive. One hypothesis is that some receptors primarily 
mediate responses to the high ABA levels triggered by environmental stresses, while 
the other receptors primarily function in processes controlled by the low basal ABA 
levels present in the absence of stress. Using a gain-of-function approach, we found 
that subfamily II receptors present a robust model for study of receptor specialization. 
Expression of constitutively active PYL4 or PYL6, driven by their native promoter, in 
the ABA auxotroph background, rescue stress-related phenotypes, while expression 
of PYL5 did not. This result could not be explained by protein accumulation, as all three 
receptors were present in the tested tissue. In this work we sketch the biological role 
of subfamily II ABA receptors in ABA-elicited stress response which in turn will enable 
applied scientists and breeders to fine-tune plant stress responses, with minimal “yield 
drag”. 
 

POSTER PRESENTATION 



 

 

24 

P218 

 

BALANCING OF HORMONAL PATHWAYS A KEY RESPONSE TO HEAT STRESS 

DURING EARLY SEED DEVELOPMENT IN PEA 

 

M. Kaur 1, J. Ozga 1, D. Reinecke 1 

University of Alberta - Edmonton (Canada) 

 
 

ABSTRACT 

In pea (Pisum sativum), moderate heat treatment (6h at 35oC for 4 days) initiated at 
early flowering (similar to temperatures occurring in the field at flowering) increased 
seed/ovule abortion, and concomitantly produced fruits with reduced pericarp length, 
and fewer seeds (2-4 seeds/fruit) at maturity than non-stressed plants (5-6 seeds/fruit). 
As gibberellins (GAs), auxins, and ethylene are key hormones involved in seed 
developmental processes, we determined if heat stress affected their biosynthesis 
gene expression patterns in developing seeds (4 days after anthesis), and correlated 
these gene expression profiles with the levels of naturally occurring pea GAs, auxins 
(IAA, indole-3-acetic acid; 4-Cl-IAA, 4-chloroindole-3-acetic acid), and the ethylene 
precursor 1-aminocyclopropane-1-carboxylic acid (ACC). Heat stress reduced 
bioactive GA levels (GA4, GA7, GA1, GA3) by limiting bioactive GA precursors (as noted 
by reduction in GA19 and GA20 levels for the production of GA1), and enhancing the 
inactivation of bioactive GAs (as noted by elevated PsGA2ox1 transcript and GA8 
levels). In contrast, heat stress increased the transcript abundance of auxin 
biosynthesis genes PsTAR2 and PsTAR3, and IAA and 4-Cl-IAA levels in the seeds. 
Additionally, a marked increase in ACC levels and transcript abundance of the ethylene 
biosynthesis (PsACO2, PsACO3) and signaling (PsEBF2) genes in heat-stressed 
seeds suggest that heat stress stimulates seed ethylene evolution. We hypothesize 
that the seeds with the strongest auxin-induced sink strength will set and continue to 
grow; while the seeds with lower sink strength (low auxin and GA levels) will be more 
affected by heat-stress induced ethylene leading to ovule/seed abortion. 
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ABSTRACT 

Soil salinization is a major agricultural problem, which impairs crops' growth, yields and 
quality. To understand the problems caused by salinity, it is clearly important to know 
the major crops' tolerance levels and mechanisms. Currently, most Brassica crop 
species are classified as moderately saline tolerant. To elucidate the mechanisms 
responsible for salt sensitivity in Brassicaceae, Brassica crop with global economic 
importance: white cabbage (Brassica oleracea var. capitata) was used in this study. 
An early response of white cabbage (within 24 hours) to 200 mM NaCl was observed 
at the transcriptome and hormonal level. Transcriptome analysis revealed changes in 
expression levels of genes involved in salt, osmotic and oxidative stress defense. 
Moreover, we found differences in the transcript levels of genes regulating signaling 
and homeostasis of main stress hormones: abscisic acid (ABA), salicylic acid (SA) and 
jasmonates (JAs) and growth regulator indole-3-acetic acid (IAA). The genes involved 
in the biosynthesis of glucosinolates, the specialized metabolites of Brassicaceae 
family, were also affected by salinity. Furthermore, UHPLC-MS/MS analysis of target 
phytohormones and glucosinolates was performed to determinate their levels after salt 
stress. In conclusion, our results provide an overview of the hormonal crosstalk, 
metabolite status and underline mechanism of salinity response in white cabbage. 

This work was supported by the Croatian Science Foundation (project no. IP-2014-09-
4359), the Ministry of Education, Youth and Sports of the Czech Republic (European 
Regional Development Fund-Project ‘Plants as a tool for sustainable global 
development’ no. CZ.02.1.01/0.0/0.0/16_019/0000827), and the Czech Science 
Foundation (project no. 17-06613S). 
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ABSTRACT 

Leaf epinasty is an important but enigmatic response towards root hypoxia in many 
important crops such as tomato, potato and tobacco. We have discovered a strong link 
between epinasty and leaf ontogeny in tomato, which means that younger leaves are 
less prone to hypoxia compared to older leaves. This indicates a developmental 
regulatory pathway. We found that this ontogenic response is regulated by a shift in 
the ethylene metabolism: young leaves convert 1-aminocyclopropone-1-carboxylic 
acid (ACC; the ethylene precursor and root-borne stress signal during hypoxia) to the 
conjugate MACC, while older leaves convert ACC to ethylene. Furthermore, the 
expression pattern of ACO1 is stimulated in older leaves, indicating that ethylene 
production itself is also enhanced by the elevated ACC transport from the roots. 

We have also quantified physiological traits in real-time, showing that leaf angle and 
canopy cover rapidly change in response to root hypoxia, reducing foliar transpiration. 
These responses are linked with stomatal conductance, mediated by ABA. We also 
found that Notabilis, an ABA deficient tomato mutant, showed elevated ACC levels in 
the roots and in the older leaves during hypoxia, suggesting that both ABA and 
ethylene are intertwined. In order to further unravel the molecular regulation of this 
signaling mechanism, were are currently performing a genome wide association study 
of 400 sequenced tomato accessions. So far, we have observed a large variation in 
the timing and the magnitude of the epinastic response as well as in its ontogenetic 
differentiation during root hypoxia-induced epinasty. 
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ABSTRACT 

Nitrogen (N) is an essential macronutrient and a key factor limiting plant growth and 
agricultural productivity. Nitrate (NO3

-) is the main N source for cultivated plants but its 
availability fluctuates in both time and space due to its high solubility and predisposition 
to leaching. Since the Green Revolution in the 1960’s, the use of N-fertilizers 
associated with high-yielding semi-dwarf varieties led to impressive yield increases. 
Semi-dwarfing genes are known to interfere with the action or production of the plant 
growth hormone gibberellins (GA). GA activate various growth processes by opposing 
the function of DELLA proteins, a family of nuclear growth repressors. Currently, 70% 
of the wheat cultivars grown worldwide carry a Reduced height-1 (Rht-1) dwarfing 
mutant allele encoding a GA-insensitive DELLA protein. Strikingly, despite GA’s impact 
during the Green Revolution, it remains unknown whether and how GA contribute to 
NO3-regulated growth patterns. Here, using combined approaches (genetics, 
molecular biology and biochemistry) we demonstrate that NO3

- promotes growth by 
activating GA signaling pathway both in the plant model Arabidopsis thaliana and 
wheat cultivars. 
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ABSTRACT 

Wheat is one of the most important sources of nutrition for humanity globally, but yields 
can be severely limited by abiotic stress, particularly drought.  This work is focused on 
the role of gibberellin (GA) signalling in the response of wheat seedlings to water 
limitation. The effect of water restriction on shoot and root growth and on the levels of 
stress factors and hormones in these organs was determined in soil-grown wheat 
seedlings. The expression level of genes involved in the GA-biosynthetic and signal 
transduction pathways was examined in well-watered and stressed leaves and roots 
by qRT-PCR and RNAseq. GA acts by promoting the degradation of the growth-
suppressing DELLA proteins, which accumulate when GA concentrations are low, as 
can occur under stress conditions. They act by regulating gene expression via 
interaction with different transcription factors (TFs). The wheat DELLA protein RHT-1 
was shown in yeast 2-hybrid assays to interact with PHYTOCHROME INTERACTING 
FACTOR-LIKE (PIL) TFs, which are involved in light-regulated gene expression. As 
the rice PIL1 has been shown to regulate stem height in response to drought, mutants 
of the wheat orthologue TaPIL1 and the closely related TaPIL3 were generated from 
a TILLING population to determine their response to drought. The interaction between 
RHT1 and PILs is being further tested by bimolecular fluorescence complementation. 
Future experiments will include determining the response of wheat mutants with 
altered GA signalling to water limitation. 
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ABSTRACT 

In the present-day agriculture, salinity is one of the most important problems, causing 
large economic losses in the Southwest of Spain. Tomato (Solanum lycopersicum L) 
is one of the most important food crops worldwide, frequently cultivated in regions with 
adverse conditions like poor-watered and saline soils (i.e. Mediterranean basin). 
Tomato plants (Solanum lycopersicum, cv MicroTom) and two tomato mutants, gib3 
(mutation in ent-kauren synthetase), with low level of gibberellin showing dwarf 
phenotype and procera mutant, showing a constituve gibberellin response (slender 
and tall phenotype) due to a point mutation in the SlDELLA protein, were used in all 
the experiments. Plants were grown hidroponically and treated with 150 mM of NaCl 
during one week. Physiological parameters such as plant biomass, photosynthesis and 
chlorophyll fluorescence showed a major sensitivity in procera mutant to salt 
treatments.These results obtained in the gibberellin metabolism demonstrated that 
salinity induced alterations in the bioactive gibberellin (GA1 and GA4) concentrations. 
This level was differentially regulated in MicroTom and the mutants by modification in 
the gene expression of the enzymes implicated in the synthesis and catabolism of 
gibberellins (20oxs, 3oxs, and 2oxs). 

We have also developed a transcriptomic analysis for MicroTom, gib3 and procera 
plants growing at 150 mM of NaCl. GO and Bin terms analysis demonstrated the over-
representation of terms implicates in photosynthesis, abotic stress, protein, synthesis 
and degradation, heat shock, cell wall and phytohormone metabolism such as 
ethylene, jasmonic acid or gibberellins. 
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ABSTRACT 

In recent years studies have provided valuable insights into the involvement of plant 
hormones in the regulation of the molecular and cellular mechanisms to tolerate abiotic 
stresses. Transcriptional regulation of salt-responsive genes is in part mediated by 
dynamic changes in hormones biosynthesis such as ABA, jasmonate, salicylic acid 
and ethylene. However, little is known about the role of gibberellins (GAs) in the abiotic 
stress responses except for a few examples. 

In this study, Nicotiana tabacum cv Xanthi was used as the wild type. Two transgenic 
lines over-expressing a 20ox enzyme (line L5) and 2ox enzyme (line L41) showing 
high and lower gibberellin contents, respectively. Plants were grown hydroponically 
and treated with 150 mM of NaCl during one week. Salt-responsive transcriptome was 
analysed in full expanded leaves. GO terms analysis demonstrated significative 
differences between the transgenic lines and wild type. Both transgenic lines showed 
important modification in genes involved in cell wall and phytohormone metabolism.    

A metabolome analysis was developed in plants treated at 150 mM of NaCl during one 
week.  1H NMR spectra were recorded on a Bruker AVIII HD 500 NMR spectrometer 
equipped with the Prodigy BBO CryoProbe. A standard one-dimensional pulse 
sequence was used to obtain metabolic profiles of leaf extracts. Salinity induced 
accumulation of osmolytes, such as proline and myo-inositol only in salt treated plants. 
Salinity caused differential alterations in L41 metabolic networks involving glycolysis, 
transamination and cell wall metabolites. 
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ABSTRACT 

With climate change, the effects of solar ultraviolet (UV) radiation might have 
ambivalent consequences for life. In the UV spectrum, the UV-C region is represented 
by highly energetic wavelengths below 280 nm that are retained by the ozone layer. 
Therefore, under natural growth conditions, plants are not affected by UV-C radiation. 
However, low levels of UV-C irradiation can be used to study plant stress reactions. 
UV-C treatment of Arabidopsis plants induce methyl salicylate and methyl jasmonate 
production, but the impact of this irradiation on other stress regulated hormones, i.e. 
gibberellin (GA), is not known. 

Here we show that a short UV-C pulse (20 W / m2 for 1 min) modulates GA signalling 
in two distinct phases in Arabidopsis. First, genes encoding for enzymes of the early 
steps of GA biosynthesis (including CPS and KAO2) are down-regulated, and genes 
encoding for GA catabolic enzymes (GA2ox2 and GA2ox6) are up-regulated. 
Consistently, plant hormone precursor, GA12 and GA9, and bioactive GA4 levels 
decrease. Afterwards, there is a swap towards GA biosynthesis and decrease in GA 
catabolism. Accordingly, first plant growth is retarded and then boosted. The final 
outcome of UV-C irradiation of Arabidopsis are taller plants that flower earlier and have 
increased number of branches. Taken together, a small amount of UV-C radiation not 
only activates the defence status of Arabidopsis but also accelerates its development 
through the regulation of GA signalling. 
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ABSTRACT 

The present study is a detailed account of adaptive strategies exhibited by Cicer arietinum in 
presence of arsenic (As) toxicity.  Heavy metal complex formation with ligands viz., 
phytochelatins or organic acids and subsequent vascular sequestration is the first adaptive 
strategy. Results from scanning electron microscope equipped with energy dispersive X-ray 
(EDX) are clear indication of As accumulation in leaf trichomes. Further, quantification of 
organic acid in secretion from trichomes is a clear indication of detoxification strategy evolved 
in C. arietinum i.e. formation of As-organic acid complex. The total As were determined in both 
shoots and roots and showed higher accumulation of As in roots indicating chickpea as As-
excluder. LC-MS results also confirmed the presence of AsV, AsIII and an organo-arsenic 
species dimethyl arsonic acid (DMA). 

Osmoregulation by accumulating osmolytes such as proline, glycine betaine and polyamines, 
is the second important adaptive strategy made available for ROS detoxification. 

Besides above mentioned lines of defence, detoxification exhibited by plants through 
strengthening of enzymatic (catalase, superoxide dismutase, ascorbate peroxidase, guaicol 
peroxidase) and non-enzymatic (ascorbic acid, phenols and flavanoids) antioxidant system is 
the third significant strategy. 

The investigation also suggests an eco-friendly means to enhance these adaptive 
mechanisms. Brassinosteroids (BRs) are known to enhance the levels of various components 
of defence system such as enzymatic and non-enzymatic antioxidants, osmolytes and thiol 
peptides in plants under heavy metal toxicity. The present study was carried out to investigate 
how foliar application of 24-Epibrassinolide ‒ a BR, strengthened adaptive strategies of an As 

excluder- Cicer arietinum. 
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