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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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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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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 
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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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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. 
 

POSTER PRESENTATION 



7 

P26 

 

FUNCTIONAL DIVERSITY IN THE SMXL PROTEIN FAMILY CONTRIBUTES TO 

REGULATION OF PLANT ARCHITECTURE IN ARABIDOPSIS 

 

 

Q. Li 1, J. Mendez 1, D. Nelson 1 

Department of Botany and Plant Sciences, University of California, Riverside - 
Riverside (United States) 

 
 

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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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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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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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.   
 

POSTER PRESENTATION 



16 

P35 

 

DIVERSIFICATION OF CYTOKININ SIGNALING TYPE-B RESPONSE 

REGULATORS IN THE MEDICAGO TRUNCATULA NITROGEN-FIXING 

SYMBIOTIC LEGUME 

 

 

S. Tan 1, F. Debellé 2, P. Gamas 2, F. Frugier 1, M. Brault 1 

1Institute of Plant Sciences - Paris-Saclay - Gif-Sur-Yvette (France), 2Laboratoire 
des Interactions Plantes-Microrganismes (LIPM) - Castanet-Tolosan (France) 

 
 

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. 
 

POSTER PRESENTATION 



23 

P42 

 

RESPONSES TO AUXIN SIGNALS: AN OPERATING PRINCIPLE FOR 

DYNAMICAL SENSITIVITY YET HIGH RESILIENCE 

 

 

S. Grigolon 1, B. Bravi 2, O.C. Martin 3 

1Crick Institute - London (United Kingdom), 2EPFL - Lausanne (Switzerland), 
3GQE - Le Moulon - Gif Sur Yvette (France) 

 
 

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. 
 
profile pic 
 
 

POSTER PRESENTATION 



25 

P44 

 

TRANSCRIPTOME ANALYSIS OF CYP78A11/PLA1-REGULATED GENES IN RICE 

 

 

K. Mashiguchi 1, 2, K. Ishiwari 1, K. Hase 1, 2, T. Toriba 1, K.I. Hibara 3, J. 
Kyozuka 1, S. Yamaguchi 1, 2 

1Graduate School of Life Sciences, Tohoku University - Sendai (Japan), 2Institute 
for Chemical Research, Kyoto University - Uji (Japan), 3School of Agricultural 
Regional Vitalization, Kibi International University - Minamiawaji (Japan) 

 
 

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.  
 

POSTER PRESENTATION 



41 

P60 

 

HORMONE SIGNALING IN ROOTING: FROM WOUNDING TO CELL FATE 

TRANSITION 

 

 

G. Zhang 1 

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

 
 

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. 
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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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