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ABSTRACT 

Submergence induces hypoxia in plants; exposure to oxygen following submergence, 
termed reoxygenation, produces a burst of reactive oxygen species. The mechanisms 
of hypoxia sensing and signaling in plants have been well studied, but how plants 
respond to reoxygenation remains unclear. Here, we show that reoxygenation in 
Arabidopsis thaliana involves rapid accumulation of jasmonates (JAs) and increased 
transcript levels of JA biosynthesis genes. Application of exogenous methyl jasmonate 
improved tolerance to reoxygenation in wild-type Arabidopsis; also, mutants deficient 
in JA biosynthesis and signaling were very sensitive to reoxygenation. Moreover, 
overexpression of the transcription factor gene MYC2 enhanced tolerance to post-
hypoxic stress and myc2 knockout mutants showed increased sensitivity to 
reoxygenation, indicating that MYC2 functions as a key regulator in the JA-mediated 
reoxygenation response. MYC2 transcriptionally activates members of the VITAMIN C 
DEFECTIVE (VTC) and GLUTATHIONE SYNTHETASE (GSH) gene families, which 
encode rate-limiting enzymes in the ascorbate and glutathione synthesis pathways. 
Overexpression of VTC1 and GSH1 in the myc2-2 mutant suppressed the post-hypoxic 
hypersensitive phenotype. The JA-inducible accumulation of antioxidants may 
alleviate oxidative damage caused by reoxygenation, improving plant survival after 
submergence. Taken together, our findings demonstrate that JA signaling interacts 
with the antioxidant pathway to regulate reoxygenation responses in Arabidopsis. 
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ABSTRACT 

Ionizing radiation (IR) is part of the natural environment and includes cosmic radiation 
and radiation from radionuclide-containing bedrock, soils and sediments as well as 
releases from anthropogenic activities like nuclear power plant accidents, nuclear 
weapons and medical use. High IR levels are well known to cause damage and 
mortality in plants, particularly in conifers. However, effects of low-moderate IR have 
been studied to a limited extent only, and although several stressors are known to 
affect plant growth regulation, information about effects of IR on hormone physiology 
is scarce. We aimed to study effects of low-moderate doses of gamma radiation in 
Norway spruce seedlings using a 60Co gamma source (1-100 mGy h-1) and an RNA 
seq-approach. Gamma dose rates of 100 mGy h-1 for 48 h resulted in reduced shoot 
elongation as compared to lower dose rates and unexposed controls but no visible or 
histological damage was observed. Growth reduction coincided with downregulation 
of genes related to auxin-response and transport, cytokinin-metabolism and 
gibberellin-regulated proteins. A range of ethylene-responsive transcription factors 
were also down-regulated. Also at a lower dose rate (40 mGy h-1) not significantly 
affecting shoot elongation at the end of the gamma exposure, such changes were 
observed, consistent with growth inhibition post-irradiation. Also, consistent with the 
reduced growth and altered hormone physiology, a range of cell cycle-genes were 
down-regulated. In conclusion, low-moderate gamma radiation levels reduce shoot 
elongation in Norway spruce seedlings, and this is associated with modulation of 
hormone metabolism and signalling. 
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ABSTRACT 

High salt concentration in soil modulates in a negative manner plant growth and 
development due to an increase in osmotic stress and ion toxicity. In roots, high soil 
salinity causes inhibition of both primary root elongation and number of lateral roots. 
Auxin has a key role in the modulation of root architecture throughout the life cycle and 
in response to environmental stresses. To achieve this, auxin has a complex signaling 
pathway that involves the perception of the hormone, degradation of a repressor 
complex and the transcriptional expression of auxin-responsive genes.  Auxin F-box 3 
receptor (AFB3) is one of the four auxin receptors described in Arabidopsis thaliana. It 
has been found that this receptor is involved in the modulation of root architecture, 
depending on nutrient availability. The putative downstream regulatory network in this 
context has previously been proposed, identifying NAC4 and OBP4. Here we showed 
that over-expression of AFB3 exhibited increased resistance to salt stress in terms of 
lateral root density and germination rate. We also studied the downstream signaling 
components to further characterize the role of auxin in response to salt stress. These 
results give lights of the possible mechanism that leads to the modulation of the root 
system architecture in response to salt stress. The effect on root plasticity commanded 
by the auxin signaling pathway could then be modulated to give a tolerant phenotype 
under stress conditions allowing better performance in unfavorable environments. Soil 
salinity has been a key problem for crops production worldwide.  
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ABSTRACT 

Strigolactones (SL) control plant architecture and interactions with rhizosphere 
organisms. Recently, a role of SL in plant responses to drought stress has been also 
demonstrated. Tomato (Solanum lycopersicum L.) plants defective in SL biosynthesis 
are more sensitive to drought and this is not only dependent on changes in abscisic 
acid (ABA) levels but rather on decreased stomatal sensitivity to ABA. As SL are 
mostly synthesized in the root and transported to the shoot, they can contribute to a 
root-to-shoot drought signal. Accordingly, SL concentration decreases in roots under 
drought stress, while we observe enhanced SL biosynthesis in shoots, and 
correspondingly an intensification of stomatal closure due to higher sensitivity to ABA. 
We are searching for downstream effectors of SL action under drought stress and we 
are focusing on miR156, a small RNA with a pivotal role in the control of growth and 
stress responses in plants. We show that miR156 concentration increases under stress 
but only in presence of SL (i.e. it is not recorded in SL biosynthetic mutants), while 
synthetic SL treatments increase miR156 concentration in absence of stress, by 
enhancing transcription of MIR156 genes, and processing to mature miRNAs. A 
tomato line overexpressing a MIR156 gene exhibits increased stomatal closure and 
shows increased sensitivity to ABA, suggesting that miR156 concentration can 
transduce the effects of drought stress-induced changes of SL levels in the shoot. 

This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under Grant Agreement n. 727929 - TOMRES 
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ABSTRACT 

Strigolactones (SLs) are relatively recent addition to the class of plant hormones. They 
regulate various above and below ground developmental events in plants. Apart from 
their developmental role, recent studies showed that SLs can act as responsive 
molecule during various plant biotic and abiotic stress conditions. To gain further 
insight into their versatile functions in plants, we have conducted a transcriptome-wide 
study using synthetic SL specific isomer GR24 5DS. In general, the differentially 
expressed transcripts mainly have their assigned roles in cell division, cell 
organization, vesicle trafficking, transcription regulation and RNA processing. 
Significantly high number of differentially expressed transcripts were also involved in 
plant biotic-abiotic stress responses, hormonal pathways and plant development. 
Interestingly, forty three differentially regulated transcripts were mapped to 
photosynthesis. Additionally, we found transcripts that are also involved in cold stress 
tolerance. We further explored the direct role of SLs in regulating photosynthesis and 
also their possible role in cold stress tolerance. Our data suggest that SLs might have 
a direct role in enhancing photosynthesis and cold stress tolerance in Arabidopsis. 
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ABSTRACT 

Management of elongation growth is essential for year round production of high-
quality, compact-shaped plants in greenhouses. Elongation is usually suppressed by 
spraying chemical plant growth regulators, but the use of chemicals needs to be 
reduced and replaced by more sustainable methods. In greenhouses and other closed 
plant production systems light quality treatments can be used to control plant growth. 
However, empirical testing of treatments by plant phenotyping is time consuming and 
labour-intensive. Information on the direct effect of light quality treatments on key 
genes involved in plant growth may help to predict the long-term effectiveness of such 
treatments on plant growth. 

In this project, supported by 22 horticultural companies, we developed LUMINATOR, 
a self-built system for semi-continuous monitoring of firefly luciferase reporter gene 
activity in Arabidopsis under controlled environmental conditions. LUMINATOR was 
used to monitor direct responses of plants expressing key reporters for plant growth to 
different light quality treatments. Reporters included PIF4::LUC, IAA29::LUC (activity 
associated with increased cell elongation) and HY5::LUC (activity associated with 
suppression of cell elongation). We found that one hour additive blue light during the 
morning, but not during the evening, lead to decreased PIF4::LUC and IAA29::LUC 
activity, while HY5::LUC activity increased. Additional red light only lead to decreased 
PIF4::LUC and IAA29::LUC activity when provided during the evening. Measuring 
growth of young tomato plants under light regimes based on treatments tested in 
LUMINATOR showed that short-term responses of selected reporters were predictive 
for long-term plant growth responses.   

  
 
Mark van Hoogdalem 
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ABSTRACT 

Plants as sessile organisms have to rapidly react and respond to a myriad of external 
signals such as fluctuating nutrients availability, drought, heat, cold, high salinity, or 
pathogen/pest attacks that can severely affect their development, growth, and fertility. 
Auxin and cytokinin, long known as the yin-yang of plant development, have been 
recognized as key regulators of these defense and adaptation mechanisms. The 
dynamic and complementary actions of both hormone pathways in the plethora of 
developmental processes, and their ability to crosstalk makes them ideal candidates 
for mediating stress-adaptation responses. In particular, the tightly controlled 
distribution of auxin which has significant impact on the plasticity of plant growth and 
organogenesis has appeared to be an important target for environmental signals. The 
family of PIN-FORMED (PIN) proteins represent one of the most important auxin efflux 
carriers. Due to their polarized localization they can achieve directional auxin transport 
important for different developmental processes along plant life. Recently, the efforts 
of our group to explore molecular pathways controlling expression of the PIN auxin 
efflux carriers led to identification of transcription factors belonging to the C2H2-type 
zinc finger (ZF) family, which have been shown to play diverse roles in the plant stress 
responses. Within my project I will investigate the role of ZF transcription factors and 
PIN-mediated auxin transport in the regulation of hormonal crosstalk during abiotic 
stress response. 
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ABSTRACT 

In turf industry heavy use of fertilizers destroying our environment. For its control, we 
design a hypothesis that natural plant extracts may alleviate negative effects of abiotic 
stresses. To test this hypothesis, a field trial was executed to evaluate the effect of 
natural plant extracts on growth, physiology and quality of Cynodon dactylon under 
summer stress by following Randomized Complete Block Design. When turf 
established properly then stop watering and after fifteen day extracts of 
Moringa oleifera leaves (3%), seaweed Ascophyllum nodosum (0.2%), sorghum water 
(3%) and sunflower water (3%) were foliar applied while water spray served as control. 
Same treatments were repeat with an interval of 15 days. Results showed that plant 
extracts had variable but positive effect on  tiller height, number of nodes, leaf area 
index, root length, root-shoot fresh weight, and root dry weight. However, root-shoot 
fresh weight ratio and shoot dry weight did not affect significantly by the application of 
plant extracts under study. Moreover, physiological attributes like chlorophyll contents, 
cell membrane thermo stability, ascorbic acid contents, osmotic adjustment, relative 
water and K-contents as well as turf quality were also improvd. Furthermore, moringa 
and seaweed extracts proved most effective equally than sorghum and sunflower 
extract.  In summary, we found that moringa and seaweed extracts are biofriendly and 
can be used to enhance aesthete value of turf by improving its growth and quality. 
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ABSTRACT 

Shoot branching is a highly plastic developmental process, which is regulated by both 
endogenous and environmental factors. So far, the regulatory mechanism of shoot 
branching in adaption to environmental stresses is largely unknown. Our previous 
study characterized an Arabidopsis bushy and dwarf1 (bud1) mutant, in which the 
MKK7 is constitutively activated, resulting in multiple phenotypic alterations. We further 
revealed that MKK7 controls plant development by specially phosphorylating MPK6. 
Here, we identified a MPK6-interacting protein through yeast two-hybrid screening, 
which is designated as M6IP1. M6IP1 could be phosphorylated by the MKK7-MPK6 
cascade at two conserved serine residues in vitro and in vivo. Intriguingly, we found 
drought stress could enhance M6IP1 phosphorylation. Genetic evidence showed that 
the branch number of the m6ip1  and the transgenic plants harboring the phospho-
mimicking M6IP1D is undistinguishable to that of the wild-type plants under normal 
condition. However, under drought stress, m6ip1 showed significantly reduced branch 
number compared to the wild type, whereas, 35S:M6IP1D transgenic plants displayed 
more branches. We further demonstrated that M6IP1 played an important role 
downstream of the MKK7-MPK6 cascade in regulating polar auxin transport-mediated 
shoot branching under drought stress. Thus, our results revealed the roles of MKK7-
MPK6-M6IP1 mediated growth, establishing a link between branching plasticity and 
drought stress. 
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ABSTRACT 

Ambient temperature is a key environmental factor regulating plant growth and 
development. Cytokinin has been implicated in temperature response, but its role has 
not yet been analysed in details. Here, to provide an insight into the role of cytokinin in 
response to higher ambient temperatures, we employed model plant Arabidopsis 
thaliana.  Our in-depth analyses showed that increased temperature depletes cytokinin 
pool but sensitizes cytokinin signalling. We analyzed mutant phenotypes, cytokinin-
related transcripts and proteome, and identified a number of players that participate 
in thermomorphogenesis, including cytokinin response regulator ARR1, proteins 
involved in the formation of endoplasmic reticulum bodies, and proteins regulating the 
cytoskeleton. Our temporal proteomics profiling also indicated that cytokinin-
temperature interaction is light dependent.  

This work was supported by the Ministry of Education, Youth and Sports of the Czech 
Republic – Project ‘Centre for Experimental Plant Biology’ No. 
CZ.02.1.01/0.0/0.0/16_019/0000738. 
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ABSTRACT 

Environmental stress greatly affects plants growth, posing challenges to food security. 
The yeast Snf1 (Sucrose non-fermenting1), mammalian AMPK (5' AMP-activated 
protein kinase) and plant SnRK1 (Snf1-Related Kinase1) are highly conserved 
heterotrimeric kinase complexes, activated under metabolic stress to re-establish 
energy homeostasis in eukaryotes. The hormone abscisic acid (ABA) plays a crucial 
role in plant stress response, and activation of SnRK1 or ABA signaling results in 
overlapping transcriptional changes, suggesting these two stress pathways share 
common targets. To investigate how SnRK1 and ABA interact to regulate stress 
responses in Arabidopsis thaliana, the SnRK1 complex subunits were screened by 
yeast two-hybrid against 258 ABA-responsive proteins. 125 mostly novel SnRK1-
complex interactors were uncovered. Network analysis indicates that a subset of 
SnRK1 kinase interactors forms a signaling module in response to abiotic stress. 
Functional studies show the involvement of SnRK1 and five interacting partners in 
abiotic stress responses. Simultaneous removal of SnRK1a1 and SnRK3.22, which 
belong to different signaling clusters, result in synthetic lethality, suggesting these 
kinases play critical functions also in reproductive development. This targeted study 
uncovers the largest set of SnRK1 interactors, which can be used to characterize the 
role of SnRK1 and its ABA-responsive partners in plant survival under stress. 
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ABSTRACT 

A pre-sowing seed technique termed 'priming' is used commercially on post-harvest 
seeds to obtain vigorous seedlings as well as to synchronize their growth. This 
treatment involves imbibition of seeds in water under controlled conditions to trigger 
pre-germinative metabolism and subsequent drying of the seeds prior to full 
germination before they have lost desiccation tolerance. Aside from the benefits of 
seed priming, however, there is a trade-off as primed seed stocks generally age poorly 
during dry storage, rapidly losing their viability. The shortened storage-life of treated 
seeds is a major problem, leading to lost revenue and wastage. In this study, a 
genome-wide association study (GWAS) was carried out using 169 accessions in 
Arabidopsis to know the molecular mechanisms underlying seed storability after 
priming. 87 single nucleotide polymorphisms (SNPs) having significant correlation to 
seed storability after priming were detected and they were located in 11 genic and/or 
intergenic regions at proximity 20 genes, including sterol biosynthesis-related gene 
and signalling-related genes for the plant hormone brassinosteroids (BRs). The effect 
of BR on storage-life of priming-treated seeds was examined by priming seeds with a 
bioactive BR (24-epibrassinolide; EBL) or a BR biosynthesis inhibitor (brassinazole; 
Brz). EBL accelerated aging following priming while Brz reduced it in a concentration 
dependent manner. Furthermore, primed seeds of the BR biosynthesis-related gene 
mutants cyp85a1/a2 and det2 showed improved seed storability compared to wild type. 
These results suggest that BRs have a negative effect on seed storability after priming 
in Arabidopsis. 
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ABSTRACT 

Climatic changes are accompanied with increase of average temperatures and higher 
frequency of weather extremes. Plant growth, development and interaction with the 
environment are regulated by phytohormones. Heat stress (HS) represents very acute 
stress, associated with protein denaturation and enhanced ROS generation. Plant 
resistance to HS may be substantially elevated by acclimation. Pre-treatment at 37°C 
for 2 h diminished the negative effect of HS (45°C for 6 h) on quantum yield and non-
photochemical quenching in rice (Oryza sativa), but not on malondialdehyde content 
(reflecting membrane peroxidation). Acclimation diminished HS effect on active 
cytokinin trans-zeatin in crowns (meristematic tissues) and isopentenyladenine in 
leaves. It had positive effect on cis-zeatin, its riboside and phosphate in roots. 
Jasmonic acid levels were significantly enhanced by acclimation in leaves and crowns, 
while salicylic acid levels in roots. Low impact of acclimation was observed in the case 
of abscisic acid and indole-3-acetic acid. The results show strong organ–specificity of 
HS responses as well as crucial role of crowns for plant survival.  

Acknowledgement: The work was supported by MEYS CR, project no. LTAUSA17081. 
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ABSTRACT 

The global warming is a serious threat to worldwide food safety. During heat stress 
conditions crop production is severely affected being the reproductive organs the most 
sensitive part of the plant.  Previous studies with tomato showed that an increase in 
polyamine metabolism is essential for pollen germination and tube growth, and that 
exogenous supply of polyamines, in particular spermidine, is able to alleviate pollen 
growth defect at high temperatures.  

We are presenting our in vitro pollen growth studies, suggesting that spermidine does 
alleviate pollen sensitivity to high temperature in A. thaliana, only at certain 
concentrations and at suboptimal acidic pH (6.0). At optimal pH (7.5), we could not 
observe any positive effect on pollen thermotolerance by spermidine application. 
However, high concentration of spermidine impairs pollen growth at optimal pH. We 
have also used a polyamine oxidase triple mutant (pao2,3,4), with defective polyamine 
catabolism and increased spermidine content, showing pollen growth defect only in the 
presence of high spermidine concentrations. This confirms the inhibitory effect of 
spermidine overaccumulation on pollen growth. While the pao2,3,4 pollen apparently 
behaves similarly as wild type at optimal pH, its sensitivity to acidic pH was 
exacerbated. We can conclude that pollen thermotolerance can be highly affected by 
pH conditions thus highlighting the importance of the internal pH gradient along the 
pollen tube for optimal growth and the crosstalk of intracellular polyamine content and 
pH establishment. 
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ABSTRACT 

Plants are adapted to a diurnal rhythm of day and night. Recently, it was discovered in 
Arabidopsis that extending the light period in short-day adapted plants causes stress 
which has been named photoperiod stress. The photoperiod stress response includes 
deregulated expression of stress response genes, an oxidative burst and strongly 
increased production of jasmonic acid (JA) during the night following an extended light 
period. The next day, stressed plants show a reduced photosynthetic activity and 
eventually programmed cell death in leaves. Cytokinin (CK)-deficient plants and certain 
clock mutants show a particularly strong stress response suggesting a protective 
function of the hormone and the requirement of a functional circadian clock to cope 
with photoperiod stress. RNA-seq analysis identified numerous ROS- and JA-related 
genes to be responsive to photoperiod stress. A role of ROS during photoperiod stress 
was supported by the oxidative burst, which was shown to be at least partly due to an 
increased activity of apoplastic peroxidases and decreased activity of apoplastic 
catalases. Accumulation of JA metabolites and activation of the JA pathway seemed 
to be causally involved in generating symptoms of photoperiod stress. Consistently, 
mutation of the JA synthesis gene JAR1 strongly alleviated the stress phenotype in a 
CK-deficient background. However, in unexpectedly introgression of a mutated AOS 
JA synthesis gene in a CK-deficient background did not rescue the photoperiod stress 
phenotype. This suggests that not JA itself but an as yet unknown function of JAR1 is 
required for a strong response to photoperiod stress. 
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ABSTRACT 

Abiotic stress conditions as salinity reduce growth and limit crop production, being 
reactive oxygen and nitrogen species one of the earlier signals. Plants response to this 
situation not only with the induction of antioxidants but also  redox systems which are 
responsible of the redox sensing and signal transduction pathways in which hormones 
as ABA are key components. Dual located mitochondrial-nuclear thioredoxin (Trxo1) 
is involved in the reduction of disulfide bonds of target proteins regulating their 
activities, although its functional role under stress has been scarcely studied. In order 
to gain insight into Trxo1 response under salinity in ABA-dependent processes as 
germination and stomatal response, we have used wild type (WT) Arabidopsis, KO 
and overexpressing (Ovx) AtTrxo1 plants treated with 100 mM NaCl. Salinity delayed 
germination in  WT seeds, while KO and Ovx mutants germinated faster and slower 
than WT, respectively, suggesting a role of Trxo1 in redox homeostasis during seed 
germination under salt conditions. KO mutants presented higher stomatal aperture in 
control conditions, and salinity provoked the closure in a similar way in all genotypes, 
in spite of the higher content of ABA presented in the mutants. ABA and H2O2 
treatments of epidermal peels affected mainly the closure of WT plants but the effect 
was lower in the mutant genotypes. These results indicate a role for Trxo1 in the redox 
control of germination and stomatal processes, mainly under salt stress, possibly 
through target proteins involved in ABA and oxidative stress signalling. 

[Supported by MEC-FEDER (BFU2017-86585-P) and Seneca 
Foundation (19876/GERM/15)].  
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ABSTRACT 

Strigolactones (SL) have recently been found to play roles in regulating plant 
development. Auxin is well known for its functions in regulating leaf and root growth.  It 
has been reported that SL and auxin interactively affect shoot and root formation. 
However, it remains unclear how SL may mediate leaf and root elongation, particularly 
for plants exposed to heat stress that inhibits leaf and root elongation and how SL and 
auxin may interactively affect leaf and root elongation under different temperatures. 
This presentation will discuss our recent studies discovering interactive mechanisms 
between SL and auxin regulating leaf and root elongation in a perennial grass species, 
tall fescue (Festuca arundinacea).  In our studies, we found that SL promoted both leaf 
and crown root elongation in tall fescue and alleviated heat stress inhibition of leaf and 
root elongation by increasing cell numbers rather than cell length, up-regulation of cell 
cycle-related genes, and down-regulation auxin transport-related genes in crown root 
tips and elongating leaves. Our studies revealed that the positive effects of SL for 
promoting leaf and crown root elongation in tall fescue and alleviating heat-inhibition 
of both leaf and root growth could be mainly due to its regulation of cell division and 
involve the interference of auxin transport. 
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ABSTRACT 

Abiotic stresses are a significant threat to crop productivity and cause major yield 
losses in crops worldwide. The agrochemical or genetic manipulation of gibberellin 
(GA) biosynthesis is a common agricultural practice. Genetic interference with the GA 
pathway in wheat and rice contributed to the “Green Revolution”. Besides germination, 
elongation growth and flowering time, GA also controls abiotic stress responses. GA 
responses are regulated by the DELLA repressors and DELLA-imposed repression 
can be relieved by GA-promoted DELLA protein degradation, which is dependent on 
GA availability and distribution at the cellular or the whole plant level. Plants repress 
growth in response to stress by increasing DELLA abundance. The mechanisms 
underlying GA control during abiotic stress are largely unclear. To understand the 
regulation mediated by DELLAs during abiotic stress, we performed time-resolved 
RNA-seq in Arabidopsis, tomato, and barley following cold treatments in the presence 
and absence of GA. Substantial RNA-seq and co-expression network analysis 
highlighted several important co-expression modules that suggest that secondary cell 
wall differentiation and maturation could be under GA-dependent regulation during 
stress. Further analysis of the transcription factor families identified in this analysis, is 
aiming at elucidating the role of DELLA in stress-responsive gene expression and cell 
wall modification at the physiological, genetic and cellular level. 
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ABSTRACT 

Although plant hormones, particularly abscisic acid (ABA), have been commonly used 
as significant drought indicators, it is still not elucidated if they could be applicable as 
indicators for heavy metal-induced stress as well. In this study, cuttings of poplar 
species (Populus deltoides) were exposed to two different concentration (maximum 
allowed amount (MAA) for soil and tripled MAA according to National legislation) of 
three heavy metals (Cu2+, Cd2+ and Ni2+) that were separately applied to the soil in 
order to estimate effects of heavy metal upon accumulation of abscisic acid (ABA) and 
indole-3-acetic acid (IAA) in different plant tissue (root and leaves). By using selected 
ion monitoring (SIM) mode of gas chromatography with mass spectrometry (GC/MS) 
coupled with isotopically labeled technique, amounts of methylated esters of ABA and 
IAA were quantified. Obtained results showed that poplar species responded to 
elevated concentration of all applied metals with increased amounts of ABA at the root 
level. On the other hand, foliar levels of IAA increased under the MAA of Cu and Cd 
for 57% and 86% respectively compared to the nontreated control, while triple MAA of 
these metals induced inhibition of accumulation of IAA in leaves. There were no 
significant differences in IAA levels under elevated Ni, neither on leaf nor root level. 
Plant hormones as indicators of heavy metal stress could be indicative in distinguishing 
poplar clones according to their sensitivity to particular heavy metal which is important 
for the development of phytoremediation technology and forest management programs 
for polluted soils. 
 
photo 
 
 

POSTER PRESENTATION 



 

 

21 

P215 

 

MODULATION OF GLYCINE BETAINE HOMEOSTASIS THROUGH NITRIC OXIDE 

SIGNALING IN SUNFLOWER SEEDLINGS SUBJECTED TO SALT STRESS 

 

A. Kumari 1 

Laboratory of Plant Physiology and Biochemistry, Department of Botany, 
University of Delhi - Delhi (India) 

 
 

ABSTRACT 

Glycine Betaine (GB) is one of primary quaternary ammonium compounds which 
plants accumulate abundantly under stress conditions. In sunflower (Helianthus 
annuus), salt stress enhanced GB accumulation. Nitric oxide (NO) donor, DETA 
(diethylenetriamine) brought about no significant change in GB content even under salt 
stress. However, role of NO became evident on the application of NO scavenger, 
DETC (Diethyldithiocarbamate)  Highest abundance of GB was observed in 4 day old 
seedlings.  NO modulates GB accumulation by regulating the abundance and activity 
of its biosynthetic enzyme, Betaine-aldehyde-dehydrogenase (BADH).  In order to 
maintain the water level and transport across various plant parts under salt stress, 
aquaporins have a major role to play. Thus, accumulation of PIPs (plasma-membrane 
intrinsic proteins) and TIPs (tonoplast-intrinsic proteins), localized on plasma 
membrane and vacuolar membrane, respectively was analyzed in 2 day old, dark-
grown sunflower seedlings. PIP2 majorly exists in its dimeric and tetrameric form in 
seedling cotyledons and abundance of its tetrameric form was negatively modulated 
by salt stress. NO treatment lowered the accumulation of tetrameric form of PIP2, more 
so under salt conditions.  TIP1 abundance, unlike PIP2, was not much affected by 
either salt stress or NO treatment. PIP1 and TIP2 isoform remained undetectable. In 
roots, abundance of PIP2 and TIP1 isoforms was significantly affected by salt stress. 
Salt stress increased the abundance of these isoforms, whereas, NO application 
resulted in decreased accumulation of PIP2 and TIP1. The present work thus puts 
forward interesting correlation between GB and aquaporin expression in response to 
salt stress and NO. 
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ABSTRACT 

Polyamines (PAs) are reported to involve nitric oxide (NO) in their signaling route. 
Present investigations demonstrate influence of salt stress (120mM NaCl) and NO on 
PA homeostasis of 2-day old etiolated, sunflower (Helianthus annuus L.). NO induces 
differential PA biosynthesis and partitioning in aerial and subterranean parts of 
seedlings, with a significant increase in spermine levels both in cotyledons and roots 
but a comparatively higher retention in roots under salt stress. NO thus assists in 
adapting to salt stress by positively regulating PA homeostasis by upregulating PA 
biosynthetic enzymes (particularly arginine decarboxylase and S-
adenosinemethionine decarboxylase) and reducing the rate of PA catabolism by 
lowering polyamine oxidase (PAO) activity. Further investigations were undertaken to 
establish role of PA homeostasis in maintaining water balance in sunflower. 
Aquaporins, PIPs (plasma-membrane-intrinsic proteins) and TIPs (tonoplast-intrinsic 
proteins), regulate water transport across plasma membrane and tonoplast, 
respectively. Enhanced accumulation of TIP1 is observed in roots while it is lowered in 
cotyledons under salt stress. DFMA (DL-α-difluoromethylarginine) increases TIP1 
accumulation in roots, more so under salt stress, but not in cotyledons. DFMO (DL-α-
difluoromethylornithine) causes general reduction in TIP1 accumulation both in roots 
and cotyledons. Differential changes in PIP2 accumulation are also observed in tissues 
under salt stress—PIP2 abundance increases and decreases in roots and cotyledons, 
respectively. Upon treatment with either DFMO and DFMA, PIP2 abundance increases 
in roots but decreases in cotyledons. Thus, a direct correlation is evident between PA 
homeostasis and differential expression of PIP2 and TIP1 isoforms of aquaporins in 
seedling cotyledons and roots. 
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ABSTRACT 

Abiotic stresses have marked negative effects on agricultural productivity. Abscisic 
acid (ABA) levels rise in response to abiotic stresses, and coordinate physiological and 
metabolic responses that help plants survive stressful environments. In all land plants, 
a large family of soluble receptors is responsible for initiating the ABA signaling 
cascade that leads to stomata closure, growth arrest and large-scale changes in 
transcript levels required for stress tolerance. Arabidopsis’s ABA receptor family have 
been biochemically characterized, however, the in vivo significance of the differences 
between the receptors remain elusive. One hypothesis is that some receptors primarily 
mediate responses to the high ABA levels triggered by environmental stresses, while 
the other receptors primarily function in processes controlled by the low basal ABA 
levels present in the absence of stress. Using a gain-of-function approach, we found 
that subfamily II receptors present a robust model for study of receptor specialization. 
Expression of constitutively active PYL4 or PYL6, driven by their native promoter, in 
the ABA auxotroph background, rescue stress-related phenotypes, while expression 
of PYL5 did not. This result could not be explained by protein accumulation, as all three 
receptors were present in the tested tissue. In this work we sketch the biological role 
of subfamily II ABA receptors in ABA-elicited stress response which in turn will enable 
applied scientists and breeders to fine-tune plant stress responses, with minimal “yield 
drag”. 
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ABSTRACT 

In pea (Pisum sativum), moderate heat treatment (6h at 35oC for 4 days) initiated at 
early flowering (similar to temperatures occurring in the field at flowering) increased 
seed/ovule abortion, and concomitantly produced fruits with reduced pericarp length, 
and fewer seeds (2-4 seeds/fruit) at maturity than non-stressed plants (5-6 seeds/fruit). 
As gibberellins (GAs), auxins, and ethylene are key hormones involved in seed 
developmental processes, we determined if heat stress affected their biosynthesis 
gene expression patterns in developing seeds (4 days after anthesis), and correlated 
these gene expression profiles with the levels of naturally occurring pea GAs, auxins 
(IAA, indole-3-acetic acid; 4-Cl-IAA, 4-chloroindole-3-acetic acid), and the ethylene 
precursor 1-aminocyclopropane-1-carboxylic acid (ACC). Heat stress reduced 
bioactive GA levels (GA4, GA7, GA1, GA3) by limiting bioactive GA precursors (as noted 
by reduction in GA19 and GA20 levels for the production of GA1), and enhancing the 
inactivation of bioactive GAs (as noted by elevated PsGA2ox1 transcript and GA8 
levels). In contrast, heat stress increased the transcript abundance of auxin 
biosynthesis genes PsTAR2 and PsTAR3, and IAA and 4-Cl-IAA levels in the seeds. 
Additionally, a marked increase in ACC levels and transcript abundance of the ethylene 
biosynthesis (PsACO2, PsACO3) and signaling (PsEBF2) genes in heat-stressed 
seeds suggest that heat stress stimulates seed ethylene evolution. We hypothesize 
that the seeds with the strongest auxin-induced sink strength will set and continue to 
grow; while the seeds with lower sink strength (low auxin and GA levels) will be more 
affected by heat-stress induced ethylene leading to ovule/seed abortion. 
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ABSTRACT 

Soil salinization is a major agricultural problem, which impairs crops' growth, yields and 
quality. To understand the problems caused by salinity, it is clearly important to know 
the major crops' tolerance levels and mechanisms. Currently, most Brassica crop 
species are classified as moderately saline tolerant. To elucidate the mechanisms 
responsible for salt sensitivity in Brassicaceae, Brassica crop with global economic 
importance: white cabbage (Brassica oleracea var. capitata) was used in this study. 
An early response of white cabbage (within 24 hours) to 200 mM NaCl was observed 
at the transcriptome and hormonal level. Transcriptome analysis revealed changes in 
expression levels of genes involved in salt, osmotic and oxidative stress defense. 
Moreover, we found differences in the transcript levels of genes regulating signaling 
and homeostasis of main stress hormones: abscisic acid (ABA), salicylic acid (SA) and 
jasmonates (JAs) and growth regulator indole-3-acetic acid (IAA). The genes involved 
in the biosynthesis of glucosinolates, the specialized metabolites of Brassicaceae 
family, were also affected by salinity. Furthermore, UHPLC-MS/MS analysis of target 
phytohormones and glucosinolates was performed to determinate their levels after salt 
stress. In conclusion, our results provide an overview of the hormonal crosstalk, 
metabolite status and underline mechanism of salinity response in white cabbage. 

This work was supported by the Croatian Science Foundation (project no. IP-2014-09-
4359), the Ministry of Education, Youth and Sports of the Czech Republic (European 
Regional Development Fund-Project ‘Plants as a tool for sustainable global 
development’ no. CZ.02.1.01/0.0/0.0/16_019/0000827), and the Czech Science 
Foundation (project no. 17-06613S). 
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ABSTRACT 

Leaf epinasty is an important but enigmatic response towards root hypoxia in many 
important crops such as tomato, potato and tobacco. We have discovered a strong link 
between epinasty and leaf ontogeny in tomato, which means that younger leaves are 
less prone to hypoxia compared to older leaves. This indicates a developmental 
regulatory pathway. We found that this ontogenic response is regulated by a shift in 
the ethylene metabolism: young leaves convert 1-aminocyclopropone-1-carboxylic 
acid (ACC; the ethylene precursor and root-borne stress signal during hypoxia) to the 
conjugate MACC, while older leaves convert ACC to ethylene. Furthermore, the 
expression pattern of ACO1 is stimulated in older leaves, indicating that ethylene 
production itself is also enhanced by the elevated ACC transport from the roots. 

We have also quantified physiological traits in real-time, showing that leaf angle and 
canopy cover rapidly change in response to root hypoxia, reducing foliar transpiration. 
These responses are linked with stomatal conductance, mediated by ABA. We also 
found that Notabilis, an ABA deficient tomato mutant, showed elevated ACC levels in 
the roots and in the older leaves during hypoxia, suggesting that both ABA and 
ethylene are intertwined. In order to further unravel the molecular regulation of this 
signaling mechanism, were are currently performing a genome wide association study 
of 400 sequenced tomato accessions. So far, we have observed a large variation in 
the timing and the magnitude of the epinastic response as well as in its ontogenetic 
differentiation during root hypoxia-induced epinasty. 
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ABSTRACT 

Nitrogen (N) is an essential macronutrient and a key factor limiting plant growth and 
agricultural productivity. Nitrate (NO3

-) is the main N source for cultivated plants but its 
availability fluctuates in both time and space due to its high solubility and predisposition 
to leaching. Since the Green Revolution in the 1960’s, the use of N-fertilizers 
associated with high-yielding semi-dwarf varieties led to impressive yield increases. 
Semi-dwarfing genes are known to interfere with the action or production of the plant 
growth hormone gibberellins (GA). GA activate various growth processes by opposing 
the function of DELLA proteins, a family of nuclear growth repressors. Currently, 70% 
of the wheat cultivars grown worldwide carry a Reduced height-1 (Rht-1) dwarfing 
mutant allele encoding a GA-insensitive DELLA protein. Strikingly, despite GA’s impact 
during the Green Revolution, it remains unknown whether and how GA contribute to 
NO3-regulated growth patterns. Here, using combined approaches (genetics, 
molecular biology and biochemistry) we demonstrate that NO3

- promotes growth by 
activating GA signaling pathway both in the plant model Arabidopsis thaliana and 
wheat cultivars. 
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ABSTRACT 

Wheat is one of the most important sources of nutrition for humanity globally, but yields 
can be severely limited by abiotic stress, particularly drought.  This work is focused on 
the role of gibberellin (GA) signalling in the response of wheat seedlings to water 
limitation. The effect of water restriction on shoot and root growth and on the levels of 
stress factors and hormones in these organs was determined in soil-grown wheat 
seedlings. The expression level of genes involved in the GA-biosynthetic and signal 
transduction pathways was examined in well-watered and stressed leaves and roots 
by qRT-PCR and RNAseq. GA acts by promoting the degradation of the growth-
suppressing DELLA proteins, which accumulate when GA concentrations are low, as 
can occur under stress conditions. They act by regulating gene expression via 
interaction with different transcription factors (TFs). The wheat DELLA protein RHT-1 
was shown in yeast 2-hybrid assays to interact with PHYTOCHROME INTERACTING 
FACTOR-LIKE (PIL) TFs, which are involved in light-regulated gene expression. As 
the rice PIL1 has been shown to regulate stem height in response to drought, mutants 
of the wheat orthologue TaPIL1 and the closely related TaPIL3 were generated from 
a TILLING population to determine their response to drought. The interaction between 
RHT1 and PILs is being further tested by bimolecular fluorescence complementation. 
Future experiments will include determining the response of wheat mutants with 
altered GA signalling to water limitation. 
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ABSTRACT 

In the present-day agriculture, salinity is one of the most important problems, causing 
large economic losses in the Southwest of Spain. Tomato (Solanum lycopersicum L) 
is one of the most important food crops worldwide, frequently cultivated in regions with 
adverse conditions like poor-watered and saline soils (i.e. Mediterranean basin). 
Tomato plants (Solanum lycopersicum, cv MicroTom) and two tomato mutants, gib3 
(mutation in ent-kauren synthetase), with low level of gibberellin showing dwarf 
phenotype and procera mutant, showing a constituve gibberellin response (slender 
and tall phenotype) due to a point mutation in the SlDELLA protein, were used in all 
the experiments. Plants were grown hidroponically and treated with 150 mM of NaCl 
during one week. Physiological parameters such as plant biomass, photosynthesis and 
chlorophyll fluorescence showed a major sensitivity in procera mutant to salt 
treatments.These results obtained in the gibberellin metabolism demonstrated that 
salinity induced alterations in the bioactive gibberellin (GA1 and GA4) concentrations. 
This level was differentially regulated in MicroTom and the mutants by modification in 
the gene expression of the enzymes implicated in the synthesis and catabolism of 
gibberellins (20oxs, 3oxs, and 2oxs). 

We have also developed a transcriptomic analysis for MicroTom, gib3 and procera 
plants growing at 150 mM of NaCl. GO and Bin terms analysis demonstrated the over-
representation of terms implicates in photosynthesis, abotic stress, protein, synthesis 
and degradation, heat shock, cell wall and phytohormone metabolism such as 
ethylene, jasmonic acid or gibberellins. 
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ABSTRACT 

In recent years studies have provided valuable insights into the involvement of plant 
hormones in the regulation of the molecular and cellular mechanisms to tolerate abiotic 
stresses. Transcriptional regulation of salt-responsive genes is in part mediated by 
dynamic changes in hormones biosynthesis such as ABA, jasmonate, salicylic acid 
and ethylene. However, little is known about the role of gibberellins (GAs) in the abiotic 
stress responses except for a few examples. 

In this study, Nicotiana tabacum cv Xanthi was used as the wild type. Two transgenic 
lines over-expressing a 20ox enzyme (line L5) and 2ox enzyme (line L41) showing 
high and lower gibberellin contents, respectively. Plants were grown hydroponically 
and treated with 150 mM of NaCl during one week. Salt-responsive transcriptome was 
analysed in full expanded leaves. GO terms analysis demonstrated significative 
differences between the transgenic lines and wild type. Both transgenic lines showed 
important modification in genes involved in cell wall and phytohormone metabolism.    

A metabolome analysis was developed in plants treated at 150 mM of NaCl during one 
week.  1H NMR spectra were recorded on a Bruker AVIII HD 500 NMR spectrometer 
equipped with the Prodigy BBO CryoProbe. A standard one-dimensional pulse 
sequence was used to obtain metabolic profiles of leaf extracts. Salinity induced 
accumulation of osmolytes, such as proline and myo-inositol only in salt treated plants. 
Salinity caused differential alterations in L41 metabolic networks involving glycolysis, 
transamination and cell wall metabolites. 
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ABSTRACT 

With climate change, the effects of solar ultraviolet (UV) radiation might have 
ambivalent consequences for life. In the UV spectrum, the UV-C region is represented 
by highly energetic wavelengths below 280 nm that are retained by the ozone layer. 
Therefore, under natural growth conditions, plants are not affected by UV-C radiation. 
However, low levels of UV-C irradiation can be used to study plant stress reactions. 
UV-C treatment of Arabidopsis plants induce methyl salicylate and methyl jasmonate 
production, but the impact of this irradiation on other stress regulated hormones, i.e. 
gibberellin (GA), is not known. 

Here we show that a short UV-C pulse (20 W / m2 for 1 min) modulates GA signalling 
in two distinct phases in Arabidopsis. First, genes encoding for enzymes of the early 
steps of GA biosynthesis (including CPS and KAO2) are down-regulated, and genes 
encoding for GA catabolic enzymes (GA2ox2 and GA2ox6) are up-regulated. 
Consistently, plant hormone precursor, GA12 and GA9, and bioactive GA4 levels 
decrease. Afterwards, there is a swap towards GA biosynthesis and decrease in GA 
catabolism. Accordingly, first plant growth is retarded and then boosted. The final 
outcome of UV-C irradiation of Arabidopsis are taller plants that flower earlier and have 
increased number of branches. Taken together, a small amount of UV-C radiation not 
only activates the defence status of Arabidopsis but also accelerates its development 
through the regulation of GA signalling. 

  

M.P.L. acknowledges support from the VolkswagenStiftung (Experiment, 95475). 
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ABSTRACT 

The present study is a detailed account of adaptive strategies exhibited by Cicer arietinum in 
presence of arsenic (As) toxicity.  Heavy metal complex formation with ligands viz., 
phytochelatins or organic acids and subsequent vascular sequestration is the first adaptive 
strategy. Results from scanning electron microscope equipped with energy dispersive X-ray 
(EDX) are clear indication of As accumulation in leaf trichomes. Further, quantification of 
organic acid in secretion from trichomes is a clear indication of detoxification strategy evolved 
in C. arietinum i.e. formation of As-organic acid complex. The total As were determined in both 
shoots and roots and showed higher accumulation of As in roots indicating chickpea as As-
excluder. LC-MS results also confirmed the presence of AsV, AsIII and an organo-arsenic 
species dimethyl arsonic acid (DMA). 

Osmoregulation by accumulating osmolytes such as proline, glycine betaine and polyamines, 
is the second important adaptive strategy made available for ROS detoxification. 

Besides above mentioned lines of defence, detoxification exhibited by plants through 
strengthening of enzymatic (catalase, superoxide dismutase, ascorbate peroxidase, guaicol 
peroxidase) and non-enzymatic (ascorbic acid, phenols and flavanoids) antioxidant system is 
the third significant strategy. 

The investigation also suggests an eco-friendly means to enhance these adaptive 
mechanisms. Brassinosteroids (BRs) are known to enhance the levels of various components 
of defence system such as enzymatic and non-enzymatic antioxidants, osmolytes and thiol 
peptides in plants under heavy metal toxicity. The present study was carried out to investigate 
how foliar application of 24-Epibrassinolide ‒ a BR, strengthened adaptive strategies of an As 

excluder- Cicer arietinum. 
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