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NEW GENETIC INSIGHTS INTO THE CYTOKININ PATHWAY AS REVEALED BY 

THE CHARACTERIZATION OF CICHORIUM ENDIVIA LEAVES TRANSCRIPTOME 

AND METABOLITES ANALYSIS 

 

 

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

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

ABSTRACT 

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

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

LOW PLANTS 

 

 

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

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

ABSTRACT 

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

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

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

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

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

Keywords: DNA methylation,  
Fruit ripening, Strawberry, RdDM, siRNA 
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REGULATION OF ABSCISIC ACID (ABA) METABOLISM IN RESPONSE TO LOW 

VPD 

 

 

S. Torre 1, S. Innes 1, N. Nina E 2, O. Jorunn E 1 

1Norwegian University of Life Sciences - Ås (Norway), 2Norwegian institute of 
Bioeconomy Research - Ås (Norway) 

 
 

ABSTRACT 

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

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

ULTRA-PERFORMANCE LIQUID CHROMATOGRAPHY – TANDEM MASS 

SPECTROMETRY 

 

 

M. Karady 1, 2, I. Antoniadi 1, R. Casanova-Saez 1, O. Novák 3, F. Brunoni 
4, C. Bellini 4, 5, K. Doležal 2, K. Ljung 1 
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INRA-AgroParisTech Versailles, France - Paris (France) 

 

ABSTRACT 

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

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

 

 

A. Pencík 1, 2, V. Skalický 1, M. Kubeš 2, 3, O. Novák 1 

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

ABSTRACT 

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

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

This work was supported by the Czech Foundation Agency (GA17-21581Y).  Vladimír 
Skalický was supported (in part) by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_018). 
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IAA AND OXIAA GLUCOSE ESTERS – THE MAJOR AUXIN CONJUGATES IN 

ARABIDOPSIS 

 

 

L. Vcelarová 1, A. Pencík 1, 2, A. Žukauskaite 1, O. Novák 1 

1Laboratory of Growth Regulators, The Czech Academy of Sciences, Institute of 
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Palacký University - Olomouc (Czech Republic) 

 

ABSTRACT 

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

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

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

  

This work was supported by the Czech Foundation Agency (GA17-21581Y). Ludmila 
Včelařová was supported (in part) by the Internal Grant Agency of Palacký University 
(IGA_PrF_2019_020). 
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QUANTITATIVE ANALYSIS OF IAA, OXIAA AND PAA AMINO ACID 

CONJUGATES IN VARIOUS PLANT SPECIES 

 

 

P. Hladík 1, A. Pencík 1, 2, A. Žukauskaite 1, M. Zatloukal 1, O. Novák 1 
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Palacký University - Olomouc (Czech Republic) 

 

 

ABSTRACT 

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

  

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

BIOSYNTHESIS AND SIGNALING PLANT HORMONES CONCERNING APICAL 

DOMINANCE USING MRM ASSAYS BY MASS SPECTROMETRY 

 

H. Mori 1, R. Sato 1 

Bioagricultural Sceinces, Nagoya University - Nagoya (Japan) 

 
 

ABSTRACT 

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

AND GERMINATION IS ALTERED IN A STEROL BIOSYNTHESIS MUTANT 

 

 

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

INRA Institut Jean-Pierre Bourgin - Versailles (France) 

 
 

ABSTRACT 

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

POSTER PRESENTATION 



 

12 

P92 

 

HOW ARE CELLULAR AUXIN CONCENTRATIONS REGULATED? 

 

 

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

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

 
 

ABSTRACT 

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

  

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

PHENYLACETIC ACID, TWO NATURAL AUXINS IN PLANTS 

 

 

H. Kasahara 1 

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

 
 

ABSTRACT 

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

CONNECTION OF C29-BRASSINOSTEROIDS AND C28-BRASSINOSTEROIDS IN 

ARABIDOPSIS THALIANA. 

 

 

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

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

ABSTRACT 

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

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

PLANT HORMONE MEASUREMENT AND IDENTIFICATION 

 

 

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

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

 

ABSTRACT 

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

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

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

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

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

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

[Supported by the Czech Science Foundation (19-12262S)]. 
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ABSTRACT 

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

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

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

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

 
Skalický Vladimír 
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ABSTRACT 

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

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

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

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

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

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

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

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

Among vegetative tissues, roots have the greatest levels of IAA-glc(3). Previous reports 
demonstrated the in vitro activity of UGT84B1 towards IAA glycosylation(4). Moreover, 
plants overexpressing UGT84B1 showed high levels of IAA-glc with pleiotropic 
defects(5). In spite of that, the in silico expression pattern of UGT84B1, restricted almost 
exclusively to reproductive tissues, suggest that other members of the UGT family are 
conjugating glucose to IAA in roots. 

We have made an extensive analysis of publicly available genome-wide experiments 
looking for putative biologically relevant IAA UDP-glycosyltransferases in roots. 
UGT76E5 stands out among other members of the family because of its fast 
upregulation in response to relatively low concentrations of exogenous IAA. We are 
conducting several experiments including CRISPR-Cas9 to knock-out groups of UGT 
paralogs, and IAA metabolic profiling to find the main IAA UGT in vivo. 

(1)Ljung (2013); (2)Staswick et al. (2005); (3)Porco et al. (2016); (4)Jackson et al. (2001); 
(5)Jackson et al. (2002). 
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ABSTRACT 

      Gibberellins (GAs) are plant hormones that play a key role in plant growth and 
development, including seed germination, stem and root growth, flower induction. In 
the major catabolic pathway for GAs, GA2-oxidases (GA2ox) acts by a 2β-
hydroxylation reaction. GA2oxs belong to group of 2-oxoglutarate-dependent 
dioxygenases. 
      We show here that a crystal structure of OsGA2ox3 complexed with 2-oxoglutarate 
and substrate GA4 was revealed. In overall structure, disulfide-linked dimer have taken 
tetramer structure of two side-by-side dimer. GA4 was present at each of active site of 
OsGA2ox3. Surprisingly, GA4 was also observed between the dimer and the dimer. 
The present study aimed to clarify the relationship between the formation of tetramer 
structure and the enzyme activity. Gel filtration and BiFC analysis detected GA4-
dependent tetramer formation. Moreover, we separated a tetramer and monomer 
structure by gel filtration and calculated their enzyme activity. These data provide an 
idea that the GA4-dependent tetramerization of OsGA2ox3 enhanced both the affinity 
for substrate and the reaction rate.  
     This work was partially supported by a Grant-in-Aid for Scientific Research on 
Innovative Areas. 
 

POSTER PRESENTATION 



 

24 

P104 

 

MODULATION OF CYTOKININ ACTIVITY THROUGH INTERACTION BETWEEN 

CYTOKININ-DEGRADING ENZYMES AND METALLOCHAPERONE-LIKE 

PROTEINS 

 

 

T. Guo 1, H. Weber 1, T. Werner 2 

1Freie Universität Berlin - Berlin (Germany), 2University of Graz - Graz (Austria) 

 
 

ABSTRACT 

Cytokinin homeostasis is controlled by multiple metabolic pathways, including the 
catabolic degradation of the hormone governed by the cytokinin 
oxidase/dehydrogenase (CKX) proteins. Recently, we have identified specific protein-
protein interactions between CKX and heavy metal-associated isoprenylated plant 
proteins (HIPPs) from Arabidopsis. These plant-unique proteins of largely unknown 
functions have been previously defined by the occurrence of a metal ion-binding 
domain and a C-terminal prenylation site. Interestingly, a subgroup of phylogenetically 
related HIPP proteins interacted specifically with CKX proteins, which localize to the 
ER and secretory system in Arabidopsis. Intriguingly, GFP-HIPP fusion proteins 
localized mainly to the cytoplasm, nucleus and plasmodesmata. However, the 
conducted BiFC assays indicated strong CKX-HIPP complex formation at the cortical 
and perinuclear ER as well as in the cytosol and nucleus. Since our previous work has 
demonstrated that the secretory CKXs undergo degradation in the cytosol by the 
proteasome-dependent ER-associated degradation (ERAD) pathway, the presented 
data indicate that CKX detected in the complex with HIPP represents a protein species 
that was relocated to the cytosolic site of the ER membrane. Therefore, we propose 
that the isolated HIPP proteins play a role during retrotranslocation of CKXs from the 
ER or function in post-retrotranslocation steps of ERAD. Data obtained from the HIPP-
overexpressing plants generally corroborated this idea. 
 
Werner 
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ABSTRACT 

 Rice Gibberellin 3-oxidase 1 (OsGA3ox1) is expressed in anthers, which catalyzes 
the final step of GA biosynthetic pathway. The ga3ox1 mutant exhibited the shortened 
filaments, the closed glumes and no accumulation of starch in pollen grains, resulting 
in sterile. In this study, we tried to clarify the reason why the decrease of bioactive GAs 
courses the low accumulation of starch in pollen grains. We defined the five stages of 
rice panicles and collected anthers from ga3ox1 mutant and WT on each stage. The 
starch was isolated from each sample and the amount of starch was measured. In WT, 
the starch content gradually increased in early stages and rapidly increased in 4th and 
5th stages, while scarcely increased in ga3ox1 mutant. Considering together that the 
expression of OsGA3ox1 showed the maximum in 4th stage of pollen, bioactive GAs 
synthesized in pollen grains might direct regulate its starch accumulation. Therefore, 
to identify the downstream targets of OsGA3ox1, we performed RNA-Seq using RNA 
from ga3ox1 mutant and WT anthers on each stage. Now, we are analyzing gene 
expression. 

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

Cytokinins occur as a diverse range of compounds in plants, yet cytokinin forms are 
simplistically categorized by structure into active and inactive forms. N-conjugation, or 
the addition of a glucose at the N7 or N9 position of a cytokinin, changes it into an N-
glucoside form in an irreversible reaction. Over the last 30 years cytokinin N-glucosides 
such as trans-Zeatin 7G and 9G (tZ7G and tZ9G) have largely been thought of as 
compounds with little to no activity, despite some early examinations revealing these 
compounds to have activity in some bioassays. This is important as N-conjugates are 
routinely present at levels 50X greater than their active forms and can compose up to 
75-80% of cytokinins in a plant. Here we reinvestigate the role of cytokinin N-
glucosides as potentially active cytokinin compounds in Arabidopsis and tomato using 
a range of cytokinin bioassays, the cytokinin reporter line pTCSn, qPCR of cytokinin 
regulated transcripts, and transcriptome analysis of plants treated with tZ7G and tZ9G. 
We also examined cytokinin functionality in lines with altered endogenous levels of 
cytokinin N-conjugates: an UGT76C1/2 double knockout and a UGT76C2 
overexpression line. These findings indicate tZ7G and tZ9G are able to function with 
standard cytokinin activity in some instances. Interestingly, transcriptome analysis of 
Arabidopsis seedlings treated with tZ7G and tZ9G revealed transcriptional effects that 
are largely unique from that of trans-Zeatin. Plants with altered endogenous levels of 
N-conjugates also indicate roles for cytokinin-N-glucosides in overall plant growth and 
development, specifically seed production and senescence. 
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ABSTRACT 

The phytohormone auxin plays a critical role in plant growth and 
development. Maintenance of auxin homeostasis involves a complex interaction 
between biosynthesis, conjugate formation and hydrolysis, catabolism and 
transport. Despite significant progress in elucidating metabolic pathways of the primary 
bioactive auxin, indole-3-acetic acid (IAA), over the past few decades, key components 
such as intermediates and enzymes have not been fully characterized, and the 
dynamic regulation of IAA metabolism in response to environmental signals has not 
been completely revealed. Using a highly sensitive and selective high resolution mass 
spectrometric method, we identified auxin-amino acid conjugates in achenes of F. 
vesca as consisting of indole-3-acetylaspartate (IAasp) and indole-3-acetylglutamate 
(IAglu). In contrast to what has been proposed to occur in Arabidopsis, we determined 
that IAasp and IAglu are hydrolyzed by seedlings to provide a source of free IAA for 
growth. We are also developing methods to survey Arabidopsis seedlings for their 
changing indolic profile under different growth conditions. A rapid stable isotope 
labeling approach will allow for tracing the turnover rates of essentially all IAA 
precursors with a time scale of seconds to minutes. The path of carbon from precursor 
to intermediate pools are then followed and analyzed. With this approach, all indolic 
compounds will be identified and quantified concurrently. These metabolic analyses 
will provide insight into novel intermediates or new pathways involved in the IAA 
metabolic network. 
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ABSTRACT 

Alternative splicing (AS) is an important post transcriptional regulation occurring in 
majority of plant genes. Only few AS events have been functionally characterized in 
hormonal pathways, because large proportion of AS is perhaps transcriptional noise 
or result of aberrant mRNA processing. As evolutional conservation of particular AS 
event closely correlates with its functional relevance, we created a machine learning 
algorithm which assesses the conservation of AS among 138 plant species available 
in RefSeq database. We analysed ~200 Arabidopsis genes involved in hormonal 
pathways and found that 17 of them are conserved outside the Brassicaceae family. 
We selected two with highly conserved AS events for further characterization: protein 
phosphatase ABA INSENSITIVE 2 (ABI2) and brassinosteroid synthesis gene 
DWARF4 (DWF4). In both cases AS generates truncated proteins lacking the catalytic 
domains required for their activity. To monitor AS of these genes in vivo, we 
constructed dual fluorescent reporters by introducing both GFP and RFP 
simultaneously into the genomic sequence. In both cases, AS does not alter 
subcellular localization of resulting proteins. Our data also show that both splice 
variants of ABI2 are expressed uniformly in the A. thaliana root tip under normal 
conditions. In contrast, the main DWF4 isoform is expressed in the elongation zone of 
the root tip, while the alternative version of the protein has been detected largely in the 
root meristem. Thus, our data highlight the importance of alternative splicing in 
hormonal pathways and its possible impact on plant development. 
 

POSTER PRESENTATION 



 

29 

P109 

 

HIGH-THROUGHPUT PROFILING OF ACIDIC PHYTOHORMONES USING 

MINIATURIZED SAMPLE PROCESSING 

 

J. Siroka 1, A. Pencik 1, K. Flokova 1, 2, O. Novak 1 

1Laboratory of Growth Regulators, The Czech Academy of Sciences, Institute of 
Experimental Botany & Palacky University, Faculty of Science, Slechtitelu 27, 
CZ-78371 Olomouc, Czech Republic - Olomouc (Czech Republic), 2Plant 
hormone biology group, Swammerdam Institute for Life Sciences, University of 
Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands - 
Amsterdam (Netherlands) 

 
 

ABSTRACT 

Phytohormones are small molecules controlling various growth and development 
processes in plants. They are present in plant tissue at very low concentrations and 
moreover the complex plant matrix causes strong matrix effects during their analysis. 
To overcome these challenges the purification of the plant extracts is a necessary step. 
The sample purification by commercially available solid phase extraction columns is a 
common approach requiring rather higher amounts of plant tissue (20 mg of fresh 
weight) and its performance in larger scale is time consuming. 

A simple high-throughput sample preparation method for extraction and purification of 
acidic phytohormone classes: auxins, jasmonates, salicylates and abscisates 
(altogether 24 compounds) in minute plant tissues (less than 2.0 mg of fresh weight) 
was optimised and validated. The method involves sample extraction in acidified 
aqueous methanolic solution and subsequent purification by house made in-tip micro 
solid phase extraction (microSPE). Our new microSPE method is suitable for 
determination of selected acidic phytohormones in larger number of samples by a fast 
chromatography-tandem mass spectrometry analysis. 

The work was supported from ERDF project "Plants as a tool for sustainable global 
development" (No. CZ.02.1.01/0.0/0.0/16_019/0000827). The Czech Science 
Foundation (project no. 19-10464Y) is also gratefully acknowledged. 
 

POSTER PRESENTATION 



 

30 

P110 

 

SCREENING FOR NOVEL REGULATORS OF ETHYLENE BIOSYNTHESIS: 

FOCUSING ON ACC-OXIDASE 

 

 

M. Houben 1, B. Van De Poel 1 

KU Leuven - Leuven (Belgium) 

 
 

ABSTRACT 

The plant hormone ethylene plays a role in many developmental processes and 
responses towards stresses. Past research has relied on genetic screens of mutants 
to unravel the ethylene biosynthesis pathway. However, little is known about the 
regulation of ACC oxidase, the final step of ethylene biosynthesis. 

Using reciprocal BLAST searches, we have collected putative ACO protein sequences 
from different plant species. Based on sequence similarity, we were able to divide the 
ACO family into three distinct groups. We have performed a biochemical and 
phenotypic characterization of the different aco T-DNA lines in Arabidopsis. We found 
several dark and light phenotypes indicating that the ACO family is developmentally 
regulated. These mutants showed different levels of reduced ethylene production in 
dark grown seedlings. 

An EMS genetic screen was performed in the ethylene overproducing mutant 
(eto1eol1eol2) background. We screened for ethylene insensitive mutants using the 
Arabidopsis triple response phenotype, several candidate mutants were retrieved. 
These putative mutants were treated with ethylene gas to eliminate ethylene signaling 
mutants. Twelve novel mutants were discovered. 

We are also exploiting the availability of the 1135 genomes of natural accessions of 
Arabidopsis thaliana by means of a Genome Wide Association Study. A subset of >200 
accessions has been screened for ethylene production using 4-day-old dark-grown 
seedlings. We use the natural genetic variability to link ethylene production capacity to 
different SNPs in the genome. These SNPs and the EMS mutants will allow us to 
identify novel regulators of ethylene biosynthesis. 
 

POSTER PRESENTATION 



 

31 

P111 

 

BIOCHEMICAL CHARACTERIZATION OF SORGHUM LGS1 ENZYME INVOLVED 

IN STRIGOLACTONE BIOSYNTHESIS 

 

 

A. Yoda 1, N. Mori 2, X. Xie 1, 3, K. Yoneyama 4, D. Nelson 5, K. Akiyama 2, 
K. Yoneyama 3, T. Nomura 1, 3 

1Grad. Sch. of Agri., Utsunomiya Univ. - Utsunomiya (Japan), 2Grad. Sch. of Life 
& Environ. Sci., Osaka Pref. Univ. - Sakai (Japan), 3Ctr. for Biosci. Res. & Educ., 
Utsunomiya Univ. - Utsunomiya (Japan), 4Fuc. of Agri., Ehime Univ. - Matsuyama 
(Japan), 5Dept. of Botany & Plant Sci., Univ. of California Riverside - Riverside 
(United States) 

 
 

ABSTRACT 

Strigolactones (SLs) are multifunctional phytohormones that inhibit shoot branching in 
plants, stimulate seed germination of root parasitic plants and induce hyphal branching 
of arbuscular mycorrhizal fungi. The canonical SLs consist of the ABC-ring system 
connected to the methylbutenolide D ring via an enol-ether bridge, and are divided into 
two groups, strigol-type having a β-oriented C ring and orobanchol-type having an α-
oriented C ring. Sorghum is an important cereal crop, but suffers serious yield losses 
due to the major host of the root parasitic plant Striga hermonthica. Mutation in 
sorghum LOW GERMINATION STIMULANT 1 (LGS1) alters the SL composition to 
orobanchol-type from strigol-type and results in Striga resistance (Gobena et al., 
PNAS, 2017). LGS1 encodes a sulfotransferase-like protein, but its enzymatic function 
has not been demonstrated. In this study, we investigated the enzymatic function of 
LGS1. To find a candidate as an LGS1 substrate that must be accumulated in 
the lgs1 mutant, we analyzed SLs in the root exudates of WT and the lgs1 mutant 
using LC-MS/MS. As a result, the accumulation of a putative SL precursor was found 
in the lgs1 mutant compared with that in WT. Then, we incubated the candidate 
substrate with recombinant LGS1 proteins expressed in E. coli and Nicotiana 
benthamiana, and detected several metabolites when the sulfate donor PAPS was 
added. 
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ABSTRACT 

Cytokinin (CK) is one of the phytohormones necessary for plant growth and 
development. Structure of CKs is diverse, but commonly occur as an adenine moiety 
with an isoprene side-chain attached to the amino group. This structural diversity is 
crucial to qualitatively regulate the efficacy of CK action. Rhodococcus fascians is a 
phytopathogen infecting a wide range of plant species, inducing an abnormal cell 
proliferation, finally resulting in a malformation, known as leafy gall. The virulence of 
R. fascians is determined by the fasciation (fas) locus, encoding several genes with 
sequence homology to CK biosynthesis and degradation enzymes. Previous studies 
imply that the fas locus genes produce novel CK-like molecules having extended side-
chain modifications, but the final molecular structure and biological function are still 
unknown. Our study aims to elucidate the biosynthesis pathway and function of novel 
CKs produced by R. fascians. Our results showed that some of the fas enzymes and 
adjacently encoded two methyltransferases cooperatively produce CK with extended 
side-chain modification, which are recognized by the CK receptor. These novel 
compounds might be involved in another qualitative regulation of CK action to promote 
abnormal cell proliferation by the phytopathogen.  
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ABSTRACT 

Development of adventitious roots from stem cutting is an important trait in 
ornamentals and woody plants which provides a powerful tool for clonal propagation. 
Dyospyros virginiana, a common persimmon rootstock, is a difficult-to-root species. 
We screened clones which originated from rootstocks propagated from seeds for 
rooting potential following an induction treatment with indole-3-butyric acid (IBA). The 
various clones exhibited a wide range of rooting rates from difficult-to-root clones to 
easy-to-root clones, as well as clones with intermediate rooting capacity, suggesting 
that the rooting capacity is determined by the clone genotype. The rooting potential of 
the easy-to root clones was highly affected by the collection date of the cutting. While 
easy-to-root clone cuttings collected at the beginning of the growing season (June) 
exhibited high rooting capacity, cutting collected from the same clone, at the end of the 
growing season (August), failed to root. Anatomy studies showed that non-rooting 
cuttings fail to root due to inhibition of root primordium initiation. We further explored 
the mechanisms regulating root primordium initiation in D. virginiana cuttings by auxin 
homeostasis analyses and comparative transcriptome studies. Our results suggest 
that the rate of auxin metabolism varies between easy and difficult-to-root clones as 
well as between easy-to-root clones collected at different dates, with non-rooting 
cuttings exhibiting a higher rate of auxin metabolism. 
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ABSTRACT 

Indole-3-acetic acid (IAA) is the main auxin and plays pivotal roles in intercellular 
communication through polar auxin transport. Phenylacetic acid (PAA) is another 
natural auxin that does not show polar movement. Although a wide range of species 
have been shown to produce more PAA than IAA, its biosynthesis, inactivation and 
physiological significance in plants are largely unknown. Here we present that 
overexpression of the CYP79A2 gene, which encodes a cytochrome P450 
monooxygenase, remarkably increased the levels of PAA and enhanced lateral root 
formation in Arabidopsis. CYP79A2 is also implicated in benzyl glucosinolate 
biosynthesis via the shared intemediate phenylacetaldoxime (PAOx). Additionally, the 
expression levels of GH3 genes, which encode auxin-amino acid conjugate synthases, 
were elevated and the amounts of PAA- and IAA-amino acid conjugates were 
increased in CYP79A2-induced plants. Interestingly, the levels of IAA were significantly 
reduced in these plants. These results suggest that PAA induction of GH3 genes can 
inactivate IAA to balance the endogenous levels of the two auxins. In contrast, 
overexpression of CYP79B2, which is involved in indole glucosinolate biosynthesis, 
selectively increased the levels of IAA, but not PAA. The CYP79B2-induced plants also 
had enhanced lateral root formation. Our results indicate that CYP79A2 is capable of 
contributing to PAA synthesis via the PAOx pathway and that the concentrations of two 
distinct auxins are coordinately regulated by GH3 genes in Arabidopsis. 
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ABSTRACT 

Phytohormone abscisic acid (ABA) induces stomatal closure and drought tolerance, 
when endogenous ABA levels are increased in response to drought stress. The 
endogenous levels are controlled by coordinate regulation between biosynthesis and 
catabolism. The key enzyme of ABA catabolism is an ABA 8’-hydroxylase, which is 
encoded by CYP707A family. CYP707As are widely conserved across land plants, and 
Arabidopsis has 4 genes (CYP707A1−4). In this study, we examined detail phenotypes 
in 4 kinds of triple mutants and a quadruple mutant disrupted all genes in order to clear 
the physiological functions of CYP707A. All triple and quadruple mutants showed more 
drought tolerant than wild type. Especially, specific genotype mutants, which were 
disrupted both CYP707A1 and CYP707A3, accumulated more ABA and repressed 
more transpirational water loss. These results suggest that CYP707A1 and CYP707A3 
have physiological function for stomatal opening by decreasing of ABA. On the other 
hand, although quadruple mutant showed remarkable drought tolerant and bigger plant 
size, unfortunately, seed productivity in the mutant was drastically decreased. Hence, 
this result implies that CYP707A has an essential role for effectively making seeds in 
angiosperms. Taken together, our study suggest that drought tolerance crops might 
be able to generate by disrupting not all but specific CYP707As. 
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ABSTRACT 

Strigolactones (SLs) are a class of phytohormones regulating shoot branching and 
mediating symbiotic and parasitic communication in the rhizosphere. Natural canonical 
SLs consist of a tricyclic lactone ring system (ABC-ring) connected to a 
methylbutenolide (D-ring) via an enol ether bridge. Canonical SLs are categorized into 
a strigol or orobanchol family based on the BC ring configuration. In rice, Arabidopsis 
MAX1 homologs catalyze conversion of carlactone to 4-deoxyorobanchol (4DO) via 
carlactonoic acid and 4DO to orobanchol. However, no reports exist on enzyme-
catalyzed production of strigol family SLs, including sorgomol found in sorghum. In the 
present study, we investigated the genes involved in the conversion of 5-deoxystrigol 
(5DS) to sorgomol. 

We probed genes encoding sorgomol synthase, which introduces a hydroxy group at 
C-9 of 5DS, by transcriptome analysis in sorghum roots. Some genes co-expressed 
with known SL biosynthesis genes were heterologously expressed in E. coli. As a 
result, a recombinant cytochrome P450 enzyme (CYP-SM), converted 5DS to 
sorgomol in vitro. Investigation of substrate specificity toward four 5DS stereoisomers 
demonstrated that CYP-SM converted 5DS and 2’-epi-5DS to sorgomol and 2’-epi-
sorgomol, respectively, with comparable conversion rates and negligible conversion of 
their enantiomers, indicating that the 8bS configuration in the C-ring is essential for the 
activity. This substrate preference was consistent with high conversion of administered 
5DS stereoisomers in sorghum plants. Moreover, CYP-SM overexpressed Lotus 
japonicus hairy roots produced sorgomol using internal 5DS as a substrate. This 
represents the first report of an enzyme catalyzing structure diversification in strigol 
family SLs. 
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ABSTRACT 

Abscisic acid (ABA) is a plant hormone that suppresses seed germination. ABA is 
metabolized when seeds are imbibed in water under the suitable conditions for growth, 
and germination is promoted by decreasing endogenous ABA levels. However, it has 
not been clarified how the amount of ABA actually changes in each organ, such as 
testa, cotyledon, plumule, hypocotyl, and radicle of the seeds. This is because the ABA 
contents in these organs are too small to quantify with the conventional analytical 
techniques. We have developed a highly sensitive and specific analytical method for 
ABA with which we can quantify ABA from 0.01 mg of plant organs. In the four legume 
plants tested, soybean, kidney bean, chickpea and broad bean, the ABA content in 
plumule was larger than that in other organs, and it decreased significantly after water 
imbibition. The ABA contents in testa and cotyledon were much smaller than those of 
plumule, hypocotyl, and radicle, and hardly changed after water imbibition. When seed 
germination was suppressed by saturated saline solution, the ABA content of plumule 
did not decrease. These results suggest that the reduction of ABA contents in plumule 
is important in regulation of seed germination at least in these legume plants. 
 
Changes in the amount of ABA(ng/mg) in kidney bean 
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ABSTRACT 

Gibberellins (GAs) are a class of plant hormones and regulate diverse aspects of plant 
growth and development. In rice, EUI/CYP714D1, a cytochrome P450 
monooxygenase, catalyzes 16α,17-epoxidation of non-13-hydroxylated GAs to 
deactivate them. However, 16α,17-epoxy GAs have not been identified from plants. 
The uppermost internode of the eui mutant elongates more than that of wild-type plants 
because of the accumulation of GA4, a bioactive GA. Recently, the eui2 mutant, which 
shows a weaker phenotype than the eui mutant, was isolated. The eui eui2 double 
mutant shows the same phenotype as the eui mutant, and the EUI2 gene encodes a 
putative epoxide hydrolase. Therefore, EUI2 has been speculated to act downstream 
of EUI to catalyze the hydrolysis of 16α,17-epoxy GAs. Here, we elucidated the EUI2 
function in the rice GAs metabolism. First, we revealed that the recombinant EUI2 
protein converted 16α,17-epoxy GAs into 16α,17-dihydroxy GAs. Next, we have 
established the analysis method for 16α,17-epoxy GA4 using LC-MS/MS, and then we 
measured endogenous levels of it as well as other GAs in the uppermost internodes. 
16α,17-epoxy GA4 accumulated in the eui2 mutant, but not detected from wild-type 
plants. In contrast, the endogenous levels of bioactive GAs in the eui2 mutant were 
similar to those in wild-type plants. Furthermore, we found that 16α,17-epoxy GA4 still 
possessed bioactivity in the micro-drop bioassay. These results suggest that EUI2 
catalyzes the hydrolysis of 16α,17-epoxy GA4 for further deactivation in the rice 
uppermost internode. 
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ABSTRACT 

Strigolactones (SLs) are a group of carotenoid-derived plant hormones that also 
function as rhizosphere signaling molecules for arbuscular mycorrhizal fungi and root 
parasitic plants. The naturally occurring canonical SLs contain the ABCD ring system, 
which are divided into strigol- and orobanchol-type SLs according to the 
stereochemistry of the C-ring. Despite the rapid progress in understanding the 
biosynthesis of orobanchol-type SLs, how 5-deoxystrigol (5DS), the parent of the 
strigol-type SLs, is produced in plants has remained elusive. MORE AXILLARY 
GROWTH 1 (MAX1) encodes cytochrome P450 enzymes that catalyze the conversion 
of the SL precursor carlactone (CL). By focusing on Lotus japonicus that produces 5DS 
as a major SL, we investigated the enzymatic function of LjMAX1. Recombinant 
LjMAX1 expressed in yeast microsomes converted CL via carlactonoic acid (CLA) to 
18-hydroxyCLA, but not to 5DS. 18-HydroxyCLA has been putatively identified as a 
metabolite of CL by recombinant rice Os900. The identity of 18-hydroxyCLA was 
confirmed by comparison of retention time and mass spectra of the methyl ester 
derivative of the Os900 product with those of chemically synthesized methyl 18-
hydroxycarlactonoate (18-hydoxyMeCLA) in LC-MS/MS analysis. In plant feeding 
experiments using [13C1]-labeled CL, CLA, and 18-hydorxyMeCLA, all three 
compounds converted to [13C1]-5DS. [13C1]-18-HydroxyCLA was detected when fed 
[13C1]-CLA or 18-hydorxyMeCLA. These results indicate that LjMAX1 catalyzes the 
oxidation of CL at C-19 and C-18, but does not catalyze the cyclization of oxidized CLs 
to 5DS, and that 18-hydroxyCLA is an endogenous biosynthetic precursor for 5DS in 
L. japonicus. 
 
LjMAX1 converts CL into 18-hydroxyCLA. 
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ABSTRACT 

Brassinosteroids (BRs) are essential plant steroid hormones that regulate plant growth 
and development. The most potent BR, brassinolide, is produced by addition of many 
oxygen atoms to campesterol by several cytochrome P450 monooxygenases (CYPs). 
CYP90B1 (DWF4) catalyzes the 22(S)-hydroxylation of campesterol and is the first 
and rate-limiting enzyme at the branch point of the biosynthetic pathway from sterols 
to BRs. Here, we show the crystal structure of Arabidopsis thaliana CYP90B1 
complexed with cholesterol as a substrate. The substrate-binding conformation 
explains the stereoselective introduction of a hydroxy group at the 22S-position, which 
allows hydrogen-bonding interactions of brassinolide with the BR receptor. We also 
determined the crystal structures of CYP90B1 complexed with uniconazole or 
brassinazole, which are inhibitors of BR biosynthesis. The structures of the two 
inhibitors are similar, but their binding conformations are quite different. The shape and 
volume of the active-site pocket also varies depending upon the inhibitors and 
substrate. These structures of CYP90B1 that exhibits structural plasticity can pave the 
way to the design of new inhibitors that target plant membrane-bound CYPs, including 
those involved in BR biosynthesis, which could then be used as plant growth regulators 
and agrochemicals.  
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