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MUTATIONS IN TETRAPYRROLE BIOSYNTHESIS PATHWAY UNCOUPLE 

NUCLEAR WUSCHEL EXPRESSION FROM DE NOVO SHOOT DEVELOPMENT IN 

ARABIDOPSIS 

 

 

I. Kubalová 1, D. Zalabák 1, A. Micúchová 1, Y. Ikeda 1 

Centre of the Region Haná for Biotechnological and Agricultural Research, 
Faculty of Science, Palacký University - Olomouc (Czech Republic) 

 
 

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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JASMONIC ACID ARE AFFECTED IN A BIG MUTANT OF ARABIDOPSIS 

 

 

V. Sponsel 1, T. Nelson 1 

The University of Texas at San Antonio - San Antonio (United States) 

 
 

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 
 
 

POSTER PRESENTATION 



4 

P123 

 

AT THE CROSSROADS OF LOCAL AND SYSTEMIC PATHWAYS INVOLVING 

SIGNALING PEPTIDES TO REGULATE ROOT SYSTEM ARCHITECTURE IN THE 

MEDICAGO TRUNCATULA MODEL LEGUME 

 

 

P. Gautrat 1, C. Laffont 1, F. Frugier 1 

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

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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H. Semeradova 1, N. Nikonorova 2, 3, I. De Smet 2, 3, E. Benkova 1 

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

 
 

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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INVOLVEMENT OF CLE2 IN THE AUXIN CYTOKININ INTERACTION DURING 

LATERAL ROOT DEVELOPMENT 
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Bioinformatics, Ghent University - Ghent (Belgium), 4Institute for Developmental 
Genetics and Cluster of Excellence on Plant Sciences, Heinrich Heine University 
- Dusseldorf (Germany), 5Institute of Science and Technology - Klosterneuburg 
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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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ANALYSIS OF AN ARABIDOPSIS MUTANT CARRYING LOW-SENSITIVITY TO 

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 
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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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INTERACTION OF BRASSINOSTEROID BIOSYNTHETIC PRECURSOR WITH 

OTHER PHYTOHORMONES 

 

 

P. Jiroutova 1, J. Oklestkova 1, O. Novák 1, M. Strnad 1 

] Laboratory of Growth Regulators, The Czech Academy of Sciences, Institute of 
Experimental Botany & Palacký University, Faculty of Science, Šlechtitelu 27, 
78371 Olomouc, Czech Republic - Olomouc (Czech Republic) 

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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PROGESTERONE REGULATES STRIGOLACTONE BIOSYNTHESIS 

 

 

S. Ito 1, K. Hanawa 1, I. Takahashi 2, Y. Sasaki 1, T. Asami 2, S. Yajima 1 

1Tokyo University of Agriculture - Tokyo (Japan), 2The University of Tokyo - 
Tokyo (Japan) 

 
 

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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S. Cook 1, S. Kimura 2, H. Kasahara 3 

1Institute of Agriculture, Tokyo University of Agriculture and Technology - Tokyo 
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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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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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