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T.V.T. Dang 1, I. Hwang 1 
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ABSTRACT 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

This work was supported by the Ministry of Education of the Czech Republic, project LTC 
17034; (COST Action CA 15136). 
 
Zuzana Vondráková 
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ABSTRACT 

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