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REGENT INSTRUMENTS INC. 

 

Since 1991, our company has been committed to deliver high performance image analysis 

systems with advanced technology for researchers and specialists who study trees and plants.  

 

Each system performs precise measurements and analyses of a specific part of plant (e.g. 

roots, leaves, seeds, tree rings or wood cells) or a specific application (e.g. Arabidopsis 

seedlings or forest canopy). A system includes a dedicated software program and a high 

quality scanner or digital camera that can produce well contrasted images. Analyses are done 

easily by the software due to its specialized built-in knowledge. For instance, root overlap at 

forks and tips are taken into account to provide accurate measurement of root length and 

area by WinRHIZO™. 

 

Software programs come in different versions to meet users’ needs. With clients in over 93 

countries, our software programs are improved and updated regularly to comply with different 

needs and new trends in plant science all over the world. Lower versions can be upgraded 

anytime. Software suites are offered in Regular and Pro versions.  

 

Scanners are calibrated permanently using extremely precise standards. The calibration is 

automatically used by our software to produce accurate measurements and analyses. An 

additional lighting system eliminates shadows around thick samples such as needles, seeds 

and roots. Some systems come with accessories such as root positioning system or core 

holder positioning system that make scanning faster and easier for washed roots and wood 

cores, respectively. 

 

Installation requires a PC computer with operating system Windows Vista, Windows 7, 

Windows 8 or Windows 10. 

 

www.regentinstruments.com for more details on plant morphological measurements, and 

tree-ring and forest canopy analysis. Various applications using color analysis, such as insect 

and disease damage quantification, are also presented. sales@regentinstruments.com for 

questions and orders. 
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Dear Friends! Dear Colleagues! 

 

Welcome to the 5th International Conference “Plant Abiotic Stress Tolerance”! 

 

Welcome to Vienna!  

 
Abiotic stresses, defined as the negative impact of non-living factors on the living organisms in a specific 

environment are the primary causes of crop loss worldwide. Abiotic stresses include high and low 

temperatures, salinity, drought, flooding, heavy metal stress and many other environmental factors. Plant 

tolerance to these stresses is dependent on the molecular networks involved in stress perception, 

signaling, and the expression of specific stress-related genes and metabolites. 

 

The 5th International Conference “Plant Abiotic Stress Tolerance” will discuss the most recent advances 

in understanding and combating plant abiotic stress and tolerance mechanisms and to define new 

frontiers in this field. 

 

The main aim of the 5th International Conference “Plant Abiotic Stress Tolerance” is to provide leading 

academy and industry scientists a platform to communicate recent advances in “Plant Abiotic Stress 

Tolerance”, and an opportunity to establish multilateral collaboration. 

 

The program of the event combines plenary lectures, poster sessions, a unique Conference Dinner Party 

and sightseeing tours of Vienna. 

 

Vienna is located in the heart of Europe on the banks of the Danube River, and considered as one of the 

most important economic, cultural and touristic large cities of central Europe. Apart from providing top 

science, the Conference will capture the spirit of the city thanks to the central location of the venue 

offering a multitude of cultural events.  

 

 

Prof. Claudia Jonak (Austrian Institute of Technology, Austria, Conference Co-Chair)  

Prof. Alisher Touraev (VISCEA, Austria, Local Organizer) 
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A-1020 Wien, Rustenschacher Allee 10 

Tel: 0043 (1) 728 00 52   Fax: 0043 (1) 728 69 16   E-Mail: office@rieger-iv.at 

www.rieger-iv.at 

Company profile: 

Since 1980 we represent exclusively in Austria well-known foreign manufacturers of high-tech 

laboratory equipment – for use in medicine, in natural science laboratories and in industrial 

production plants. Therefore, we focus on offering you always the highest quality and most 

innovative devices. 

Plant growth cabinets and walk-in plant growth chambers from ARALAB, one of the leading 

manufacturers of climate cabinets. 

Anaerobic, micro-aerophilic and hypoxic workbenches from Baker-RUSKINN for research and 

cell interactions under perfect environmental conditions. 

Powerful and efficient freeze dryers for laboratory and production from MARTIN CHRIST. 

Laboratory shakers, shaking machines and incubator shakers optimized for cell culture, with 

temperature, humidity, CO2, online measurements, oxygen and pH in the sample, from 

KÜHNER. 

Deep-freeze technology for highest demands for the storage of your samples at lowest 

temperatures. Duo-Safe-freezers and freezers with free-piston-stirling cooling machine 

without compressors and liquid nitrogen freezers with patented liquid nitrogen cooling jackets. 

Our all-round service includes competent advice, detailed training, joint start up of the 

devices, customer-oriented maintenance contracts, professional test certificates and much 

more. 

Franz Rieger: „We have built up confidence over 30 years! All of our customers know: it 

works!” 

Convince yourself of our long-time competence in the field of laboratory equipment and 

laboratory facilities for research, pharmacy and industry and inform yourself about our 

complete product range. 

Website for more details: www.rieger-iv.at 

 

 

mailto:office@rieger-iv.at
http://www.rieger-iv.at/
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SCIENTIFIC PROGRAMME 

July 5 (Thursday) 

08.00 - 17.00 Registration and Poster Mounting 

09.10 - 09.30 Opening  
Welcome address by Alisher Touraev (Local Chair, VISCEA, Austria) 
Welcome address by Claudia Jonak (Conference Co-Chair, Austria)  

09.30 - 10.20 (+10)  Chair of Key Note Lecture: Claudia Jonak (Austria) 
Keynote Lecture: Heribert Hirt (Saudi Arabia): The Next Green Revolution or How 
Beneficial Microbes Can Improve Abiotic Stress Resistance of Plants 

10.30 - 11.00  Coffee break + Poster Mounting 

11.00 - 12.30 Session I:  Chromatin & Epigenetics of Abiotic Stress Tolerance 

Chair Heribert Hirt (Saudi Arabia) 

11.00 - 11.20 (+5) Motoaki Seki (Japan): Novel Epigenetic and RNA Regulation in Plant Abiotic Stress 
Adaptation 

11.25 - 11.45 (+5) Barry J. Pogson (Australia): Intracellular Communication of Abiotic Stress, Memory 
and Recovery: from Model Systems to Crops 

11.50 - 12.05 (+5) Lea Faivre (Germany): Cold Stress Memory and Trainable Genes: the Role of 
Histone and DNA Methylation 

12.10 - 12.25 (+5) Melissa Romich (Germany): Role of Histone Modifications and Variants in Cold 
Stress Priming and Memory 

12.30 - 14.00 Lunch + Poster Session (all numbers) 

14.00 - 15.30 Session II: Plant Response to Drought, Salt & Osmotic Stresses 

Chair Elizabeth Vierling (USA) 

14.00 - 14.20 (+5) Claudia Jonak (Austria):  Signalling Salt Stress to The Chromatin 

14.25 - 14.45 (+5) Diana Santelia (Switzerland): Rewiring Starch Metabolism for Abiotic Stress 
Tolerance 

14.50 - 15.05 (+5) Veronica Ruta (Italy): Studying the Role of Dof and WRKY factors in the Response 
to Drought Stress in Seeds 

15.10 - 15.25 (+5) Hsin-Chieh Lee (Germany): Salt Regulation of Nonsense Mediated Decay 

15.30 – 16.00 Coffee break  

16.00 -17.30  Session III: Plant Response to Nutrient Stresses 

Chair Markus Teige (Austria) 

16.00 -16.20 (+5) Andrea Polle (Germany):  Molecular, Physiological and Growth Acclimation of 
Trees to Phosphorus Stress 

16.25 - 16.45 (+5) Benjamin Neuhäuser (Germany): TAPs the Central Hub for Plants to Combine Their 
Hunger for Nitrogen with Abiotic Stress 

16.50 - 17.05 (+5) Martin Fellner (Czech Republic): Role of Blue Light Receptors in Tolerance of Seed 
Germination to Salt and Osmotic Stress 
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17.10 -17.25 (+5) Kulik Anna (Poland): The Role of SnRK2.10 Kinase in Plant Response to Long Term 
Salt Stress 

17.30 - 17.40 Conference Photo 

17.40 - 19.00 Poster Session (all numbers) 

19.00 - 22.00 Conference Dinner Party 

July 6 (Friday) 

08.00 - 17.00 Registration  

09.00 - 10.30 Session IV: Plant Response to Oxidative Stresses 

Chair Motoaki Seki (Japan) 

09.00 - 09.20 (+5) Michael Wrzaczek (Finland): Dynamic CRK2 Protein Localization Regulates Callose 
Deposition and Plasmodesmal Permeability during Salt Stress in Arabidopsis 

09.25 - 09.45 (+5) Michel Havaux (France): The Singlet Oxygen Signaling Pathways Leading to 
Photooxidative Stress Tolerance in Plants 

09.50 - 10.05 (+5) Julia Krasensky-Wrzaczek (Finland): Multiple Signal Integration - How light Affects 
Stress Responses 

10.10 - 10.25 (+5)  Lorena Romero Prada (The Netherlands): Solanum Pimpinellifolium Wild Tomato 
Accession Primed against Oxidative Stress 

10.30 – 11.00 Coffee break  

11.00 - 12.30 Session V: Signaling in Abiotic Stress Tolerance 

Chair Michael Wrzaczek (Finland) 

11.00 - 11.20 (+5) Markus Teige (Austria): Chloroplast Ca2+- Signalling in Plastid Development and 
Stress Response 

11.25 - 11.45 (+5) Sonia Gazzarrini (Canada): Environmental and Hormonal Regulation of Seed 
Development and Germination In Arabidopsis 

11.50 - 12.05 (+5) Bikram Pandey (Austria):  A Novel Protein Kinase Signals Environmental Stress in 
Chloroplasts 

12.10 - 12.25 (+5) Stephen Howell (USA): From Life to Death: UPR Events During Persistent ER Stress 
in Maize Seedlings 

12.25 – 14.00 Lunch + Poster Session (all numbers) 

14.00 - 15.30 Session VI: Plant Response to Cold, Heat & Freezing Stress 

Chair Diana Santelia (Switzerland) 

14.00 - 14.20 (+5) Jian Xu (Singapore): Chilling Temperature and Stem Cell Integrity: a Root 
Perspective 

14.25 - 14.45 (+5) Elizabeth Vierling (USA): Tolerance to Extreme Heat Stress is Linked to 
Mitochondrial Metabolism 

14.50 - 15.05 (+5) Eleni Syngelaki (Germany): Effects of Cold Treatments on Methylation Profiles and 
Reproduction Mode of Diploid and Tetraploid Plants of Ranunculus Kuepferi 
(Ranunculaceae) 

15.10 - 15.25 (+5) Gustavo Maia Souza (Brazil): Osmotic Stress Decreases Complexity Underlying 
Plant Electrome Dynamic in Soybean  
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15.30 - 16.00 Coffee break  

16.00 - 17.30 Session VII:  Biotechnology of Abiotic Stress Tolerance 

Chair Benjamin Neuhäuser (Germany) 

16.00 - 16.15 (+5) Lennart Wirthmueller (Germany): Biochemical Re-Characterization of a Wheat 
Sro1 Allele that Confers Enhanced Salinity Tolerance  

16.20 - 16.35 (+5) Huey-Wen Chuang (Taiwan): Alginic Acid Altered Multiple Hormone Signaling to 
Regulate Plant Growth and Enhance Abiotic Stress Tolerance in Arabidopsis  

16.40 - 17.00 (+5) Matthew J. Paul (UK): Sucrose Allocation for Improved Crop Drought Resilience 

17.05 - 17.25 (+5) Abdel Bendahmane (France): Translational Research, Can We Finish the Job 

17.30 – 17.35 Closing Remarks 
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New England Biolabs GmbH 
 
New England Biolabs GmbH 
Brüningstr. 50, Building B852 
65926 Frankfurt/Main 
Germany 
 
Tel: +49/ (0)69/305-23140 
Fax:  +49/ (0)69/305-23149 
 
Email: info.de@neb.com 
Web: www.neb.com 
 

New England Biolabs, Inc. (NEB) is the industry leader in the discovery and production of enzymes for 

molecular biology applications and now offers the largest selection of recombinant and native enzymes 

for genomic research. NEB continues to expand its product offerings into areas related to PCR/qPCR, 

sample preparation for Next-Gen-Seq, and RNA analysis. Additionally, NEB is focused on strengthening 

alliances that enable new technologies to reach key market sectors, including molecular diagnostics. 

New England Biolabs is a privately held company, headquartered in Ipswich, MA (USA), and represented 

in Europe by subsidiaries in Germany, France and the UK.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:info.de@neb.com?subject=Anfrage%20an%20Rieger%20Industrievertretungen
http://www.neb.com/
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The Next Green Revolution or How Beneficial Microbes Can Improve Abiotic Stress Resistance 
of Plants 
 
Heribert Hirt 
 
Kaust, Thuwal, Saudi Arabia. Correspondence to: heribert.hirt@kaust.edu.sa 

 
We currently have more than 1 billion of undernourished people worldwide. This situation is not going to 
get better, unless we can increase food production by 50 % in the next decades. However, drought, salt 
and heat stress make up to more than 60 % of crop losses, so that improving abiotic stress resistance is 
one of the most important factors in securing food production. I will present the DARWIN21 project, 
http://www.darwin21.net, to isolate and employ endophytic microbes to enhance the stress tolerance of 
plants. I will show that endophytic microbes isolated from desert plants can render crops more resistant 
to stresses, making beneficial microbes a powerful approach for sustainable agriculture (de Zelicourt et 
al., 2013). Moreover, I will discuss our approaches to decipher the molecular mechanisms between plant 
and bacterial endophytes to colonize and induce abiotic stress tolerance to abiotic stresses.  
 
 
 
 
 
 
 
 
 
 
 
 

Novel Epigenetic and RNA Regulation in Plant Abiotic Stress Adaptation 
 
Motoaki Seki 
 
RIKEN, Yokohama, Japan. Correspondence to: motoaki.seki@riken.jp 

 
Plants respond and adapt to drought, heat and high-salinity stresses in order to survive. Many abiotic 
stress-regulated genes have been identified by genetic and Omic analyses, and its function in the stress 
responses has been elucidated.  
Recently, we found that the following novel epigenetic and RNA regulation mechanisms function in plant 
abiotic stress adaptation and tolerance. 1) Arabidopsis Histone Deacetylase 6 (HDA6) is a master regulator 
of novel drought stress response network involving acetate-jasmonate signaling pathway a),b). 2) 
Mutation of HDA19 increases the tolerance to drought, high-salinity and heat stresses c),d). Suppression 
of HDA19 masks the phenotype caused by the suppression of class II HDACs (HDA5/14/15/18) in the 
salinity stress response c). 3) Stress-inducible non-coding antisense RNAs are generated by RNA-
dependent RNA polymerases (RDRs) and function in a novel abiotic stress adaptation mechanism different 
from the known endogenous small RNA pathways e).  
References: a) Kim et al. (2017) Nature Plants 3: 17097; b) Rasheed et al. (2018) Scientific Rep. 8:7831; c) 
Ueda et al. (2017) Plant Physiol. 175:1760; d) Ueda et al. (2018) Plant Signal. Behav. (in press). e) Matsui 
et al. (2017) Plant Physiol. 175: 457. 
 
 
 
 
 
 

mailto:heribert.hirt@kaust.edu.sa
mailto:motoaki.seki@riken.jp
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Intracellular Communication of Abiotic Stress, Memory and Recovery: from Model Systems to 
Crops 
 
Barry Pogson 
 
ARC Centre of Excellence in Plant Energy Biology, 134 Linnaeus Way, Australian National University, Canberra 2601 
Australia. Correspondence to: Barry.pogson@anu.edu.au 

 
Abiotic stress such as excess-light and drought cause significant crop losses by reducing photosynthetic 
efficiency and preventing yield potentials to be realized1. Management of the induction of oxidative stress 
tolerance involves chloroplast retrograde signaling pathways to the nucleus that trigger stress response 
mechanisms1. We have shown that inactivation of a phosphatase, SAL1, by oxidative stress in chloroplasts 
controls accumulation of its substrate, PAP (3′-phosphoadenosine 5′- phosphate) which acts as a 
chloroplast stress retrograde signal2. We have also shown that the SAL1- retrograde pathway interacts 
with abscisic acid (ABA) signaling to regulate stomatal closure and seed germination in Arabidopsis3. Thus, 
PAP exemplifies how retrograde signals can have broader roles in hormone signaling, allowing 
chloroplasts to fine-tune physiological responses with applications to drought tolerance in crops. 
As important as induction is recovery from temporary abiotic stresses as slow recovery from, or 
constitutive acclimation to, stress can impair growth and yield4. While multiple components of excess-
light and drought stress induction pathways have been identified we are only now gaining an 
understanding of the reverse processes that are required to signal recovery and for resetting the 
transcriptome4. We have employed large scale and systems approaches to investigate the processes and 
mechanisms enabling both stress tolerance, recovery and priming to subsequent stress, including 
transcriptome, degradome and methylome profiling5,6,7. This has also enabled evaluation of the 
potential for mitotic and meiotic memory of excess light and drought stress6,7. 
1 Chan et al (2016) Ann Rev Plant Biology 67:25-53 
2 Chan et al. (2016) PNAS 113: E4567-E4576 
3 Pornsiriwong*, Estavillo*, Chan* et al (2017) eLIFE 6: e23361 
4 Crisp et al 2016) Science Advances 2: e1501340  
5 Crisp et al (2017) Plant Cell 290: 1836-63 
6 Ganguly et al (2017) Plant Physiology 175: 1893-1912 
7 Ganguly et al (2018) Pl Cell Environ in press 
 
 

Cold Stress Memory and Trainable Genes: the Role of Histone and DNA Methylation 
 
Lea Faivre, Daniel Schubert  
 
Epigenetics of plants, Freie Universitaet Berlin, Koenigin Luise Str. 12-16, 14195 Berlin. Correspondence to: 
leafaivre@zedat.fu-berlin.de 

 
During their lifetime as sessile organisms, plants might have to face repeated stresses. In order to cope 
with such challenges, they developed the ability to remember a stress stimulus in order to adapt their 
response during subsequent occurrences. A. thaliana previously exposed to chilling temperatures develop 
a higher freezing tolerance during a second cold stress, showing that they are able to remember the initial 
stimulus. Our work pointed out that this stronger physiological response is associated with a refined 
transcriptional response of certain cold-inducible genes. Described as trainable, these genes are induced 
to higher or lower levels during the second stimulus compared to its first occurrence. We identified several 
chromatin modifiers potentially involved in cold memory but not in cold acclimation, and our efforts are 
now directed towards the identification of chromatin marks, in particular histone methylation, involved 
in the trainability of cold-induced genes. In parallel, we investigate the inheritance of cold memory 
through mitosis by examining whether tissues that developed after an initial cold stimulus also maintain 
a stronger freezing tolerance during a second exposure.  
 

mailto:Barry.pogson@anu.edu.au
mailto:leafaivre@zedat.fu-berlin.de
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Role of Histone Modifications and Variants in Cold Stress Priming and Memory 
 
Melissa Romich1, Kora Vyse2, Ellen Zuther2, Dirk Hincha2, Daniel Schubert1  

 
1Epigenetics of Plants, Freie Universitaet Berlin, Koenigin-Luise-Str. 12-16, 14195 Berlin, Germany; 2Transcript 

Profiling, Max Planck Institute of Molecular Plant Physiology, Am Muehlenberg 1, 14476 Potsdam, Germany. 
Correspondence to: mromich@zedat.fu-berlin.de 

 
Stress can prepare (prime) plants for future stress, so that the priming event is memorized and results in 
higher fitness when the plant encounters subsequent stresses. We study the role of epigenetic gene 
regulation in cold stress memory. Stress inducible genes are overrepresented among the target genes of 
the repressive histone modification H3K27me3, which likely ensures that stress-inducible genes are 
silenced in non-stress conditions. Removal of H3K27me3 by demethylases or histone exchange or the 
addition of an activating modification could lead to gene activation upon cold stress. We currently analyze 
the involvement of histone variants in cold stress memory, which are differentially expressed in the cold. 
In addition, previous analyses discovered a stress inducible histone modification in A. thaliana, shown to 
be involved in gene activation of H3K27me3 repressed genes in mammals. The kinetics of induction are 
studied by immunoblotting. Chromatin immunoprecipitation is used to analyze the occurrence of this 
modification on different target genes when they are induced by cold.  
 
 
 

 

 

 

 

 
 
 

Signalling Salt Stress to the Chromatin 
 
Claudia Jonak 
 
Center for Health & Bioresources, AIT Austrian Institute of Technology, Konrad Lorenz Strasse 24, 3430 Tulln, Austria. 
Correspondence to: claudia.jonak@ait.ac.at 

 
High soil salinity is a major environmental constraint for plant growth and development. Plants respond 
to salinity stress with an array of mechanisms including transcriptional and metabolic rearrangements. 
Chromatin organization plays a key role for stress responses and chromatin structure has profound 
implications on gene expression, DNA replication and repair.  
DEK3 is an evolutionarily conserved chromatin-associated protein. A combination of global approaches 
with detailed biochemical, molecular and genetic analyses indicate that DEK3 is a chromatin architectural 
protein capable of modulating DNA topology, DNA accessibility and gene expression in Arabidopsis 
thaliana. Interestingly, functional levels of DEK3 are crucial for salt stress tolerance. Recent evidence 
indicate that phosphorylation of DEK3 influences chromatin structure and gene expression, and 
modulates Arabidopsis salt stress tolerance. 
 
 
 
 
 

mailto:mromich@zedat.fu-berlin.de
mailto:claudia.jonak@ait.ac.at
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Rewiring Starch Metabolism for Abiotic Stress Tolerance 
 
Diana Santelia 
 
Department of Plant and Microbial Biology, University of Zürich, Zollikerstrasse 107, CH-8008 Zurich, Switzerland. 
Correspondence to: dsantelia@botinst.uzh.ch 

 
Starch is a polymer of D-glucose and represents the major carbohydrate reserve in plants. In 
photosynthetic cells, starch is synthesized mostly using a fraction of the CO2-fixed carbon and temporally 
stored in the chloroplasts. This starch is called ‘transitory’ as it is synthesized and degraded within a 24-h 
window. However, synthesis and degradation may occur at different times of day and starch may serve 
different functions. In guard cells, which border the stomatal pores on the leaf surface that control water 
and CO2 exchange with the environment, starch can be mobilized within minutes to promote rapid 
stomatal opening upon transition to light. In the rest of the leaf, starch is normally synthesized during the 
day and degraded during the night to fuel plant metabolism and growth when photosynthesis is not 
active. Rearrangements of transitory starch metabolism occur in response to changes in day length, light 
intensity, water deficit or extreme temperatures in a cell type-specific manner, such that carbon supply is 
ultimately optimized to sustain continued growth under changing environmental conditions. Such 
adaptive plasticity of transitory starch metabolism contributes to plant fitness and survival under 
challenging growth conditions. 
 
 
 
 
 
 
 
 

Studying the Role of Dof and WRKY factors in the Response to Drought Stress in Seeds 
 
Veronica Ruta, R.Lorrai, A.Boccaccini, P.Costantino, P.Vittorioso 
 
Dept of Biology and Biotechnology, Sapienza University of Rome, Italy. Correspondence to: 
veronica.ruta@uniroma1.it 

 
Seed germination is the first plant developmental process, defined by protrusion of the radicle from the 
seed coat. Once embryogenesis is completed, the mature seed is dehydrated and subsequently becomes 
dormant. After water loss, the seed has the ability to block the germination process, and later on reinduce 
seed germination without lethal damage. This trait, defined desiccation tolerance, is mainly controlled by 
abscissic acid (ABA). Although the molecular mechanisms underlying this process is not yet fully 
elucidated, a number of WRKY transcription factors are known to function in the response to drought 
stress in seeds. 
DOF AFFECTING GERMINATION1 (DAG1) controls the hormonal balance between gibberellin (GA) and 
ABA, during establishment and maintenance of dormancy in Arabidopsis, and contributes to the control 
of drought tolerance in seeds.  
Through an RNA-seq analysis, we have recently identified a number of WRKY genes which are significantly 
upregulated in dag1 null mutant, suggesting that they are putative targets of DAG1. 
Analysis of the molecular and genetic epistatic relationships between dag1 and wrky null mutants is 
currently in progress. The results of this study will help in unveiling the molecular mechanisms of plant 
response to drought stress in seeds. 
 
 
 
 

https://maps.google.com/?q=Z%C3%BCrich+Zollikerstrasse%0D%0A107+CH-8008+Zurich+Switzerland&entry=gmail&source=g
https://maps.google.com/?q=Z%C3%BCrich+Zollikerstrasse%0D%0A107+CH-8008+Zurich+Switzerland&entry=gmail&source=g
https://maps.google.com/?q=Z%C3%BCrich+Zollikerstrasse%0D%0A107+CH-8008+Zurich+Switzerland&entry=gmail&source=g
https://maps.google.com/?q=Z%C3%BCrich+Zollikerstrasse%0D%0A107+CH-8008+Zurich+Switzerland&entry=gmail&source=g
mailto:dsantelia@botinst.uzh.ch
mailto:veronica.ruta@uniroma1.it
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Salt Regulation of Nonsense Mediated Decay 
 
Hsin-Chieh Lee, Anil K. Kesarwani, Patrizia G. Ricca, Andreas Wachter*  
 
University of Tuebingen, ZMBP, General Genetics, Auf der Morgenstelle 32, 72076 Tuebingen, Germany. 
Correspondence to: awachter@zmbp.uni-tuebingen.de; hsin-chieh.lee@zmbp.uni-tuebingen.de 

 
Nonsense mediated decay (NMD) is an RNA degradation pathway present in all eukaryotes, which 
regulates large quantities of transcripts and has a considerable impact on gene expression. Despite the 
essential role it plays in the survival and development, not much is known about NMD regulation in plants. 
Recently, NMD deficiency in plants has been linked to a constitutive pathogen response, and NMD was 
found to be inhibited upon bacterial infection. Interestingly, we observed that also abiotic stress can cause 
NMD inactivation. Accordingly, NaCl inhibits NMD in a dose-dependent manner in Arabidopsis, suggesting 
that NMD is tied closely with physiological adaptations of plants to ever-changing environmental stresses. 
Given the abundance of salinity stress on arable lands worldwide, which in turn affects crop productivity 
and the large number of physiological NMD target mRNAs, it is important to understand the machinery 
of how salt affects this powerful RNA decay pathway. A recent study showed that during salt stress, 
subclass I SnRK2 kinases target VARICOSE (VCS), an mRNA decapping component. We hypothesize a 
phosphorylation cascade is activated upon NaCl stress, which may trigger SnRK2-dependent regulation of 
VCS and thereby control NMD. Elucidating the underlying mechanism will provide novel insight into the 
regulation of NMD in response to abiotic stress and possibly other conditions. 
 
 
 
 
 
 
 
 
 
 

Molecular, Physiological and Growth Acclimation of Trees to Phosphorus Stress 
 
Andrea Polle 
 
Forest Botany and Tree Physiology, University of Goettingen, Büsgenweg 2, 37077 Göttingen, Germany. 
Correspondence to: apolle@gwdg.de 

 
Trees have to cope with changing environmental conditions during their long life time. As sessile 
organisms, they have to deal with the existing site characteristics and variations imposed by seasonality, 
drought, as well as nutrient deprivation or enrichment. Those fluctuations are often eventually the result 
of anthropogenic activities. For instance in recent years, a decline in P supply to beech forests has been 
observed, most likely a consequence of interaction with enhanced anthropogenic nitrogen deposition. 
Here, molecular consequences of P limitation in trees will be uncovered. Acclimatory responses that lead 
to access to other P sources such as P from organic compounds will be demonstrated. The physiological 
and whole-plant consequences that enable sustainable existence under low P conditions will be shown. 
In nature, interaction of tree roots with symbiotic fungi stabilizes nutrient supply to their hosts. 
Mycorrhizal fungi can reprogram root architecture to form more lateral roots and thereby lead to more 
extensive soil exploration. Consequently the supply of their host with nutrients, which are scarce in soil 
solutions such as phosphorus, is usually improved.  
 
 
 
 

mailto:awachter@zmbp.uni-tuebingen.de
mailto:hsin-chieh.lee@zmbp.uni-tuebingen.de
https://maps.google.com/?q=Goettingen+B%C3%BCsgenweg+2+37077%0D%0AG%C3%B6ttingen&entry=gmail&source=g
https://maps.google.com/?q=Goettingen+B%C3%BCsgenweg+2+37077%0D%0AG%C3%B6ttingen&entry=gmail&source=g
mailto:apolle@gwdg.de
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TAPs the Central Hub for Plants to Combine Their Hunger for Nitrogen with Abiotic Stress 
 
Benjamin Neuhaeuser, Straub T., Ganz P., Ludewig U. 
 
Nutritional Crop Physiology, University of Hohenheim, Fruwirthstr. 20, 70599 Stuttgart, Germany. Correspondence 
to: benjamin.neuhaeuser@uni-hohenheim.de; benneuhaeuser@web.de 
 
A complex network of phosphorylation and dephosphorylation is involved in adjusting plant nutrition to 
abiotic factors. Almost all major ion transporters in plant roots are regulated by this phosphorylation 
network. Potassium uptake as well as nitrate uptake are well known to be regulated by the CIPK23/CBL1 
complex. We could recently show that the CIPK23/CBL1 complex is responsible for the phosphorylation 
of AMT1 ammonium transporters from Arabidopsis thaliana as well. This rather general regulation by 
phosphorylation is counteracted by a complex network of phosphatases called TAPs (transporter 
activating phosphatases). These TAPs might constitute a central hub to integrate multiple internal and 
external signals into plant nutrition. Which other components, which signals and modes of action are 
involved in this complex regulation is focus of our recent investigations.  
 
 
 
 
 
 
 
 
 
 
 

Role of Blue Light Receptors in Tolerance of Seed Germination to Salt and Osmotic Stress 
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Abiotic stresses severely affect plant growth and substantially reduce crop plant productivity. It has been 
reported that light via phytochromes can influence plant responses to various abiotic stresses. Blue light 
(BL) plays an important role in plant development but few reports describe involvement of BL receptors 
in stress signaling. Using genetic approach consisting in analysis of cryptochrome and phototropin tomato 
and Arabidopsis mutants we investigated how CRYs and Phots affect tolerance of seeds to salt and osmotic 
stress. Tomato and Arabidopsis seeds germinated in the dark, blue or red light on the culture medium 
supplemented with NaCl or mannitol. We show that in tomato, BL reduces, but in Arabidopsis increases 
tolerance of seed germination to salt and osmotic stress. Based on our experiments we conclude that in 
both plant species, BL influence seed tolerance to salinity via Phot1, while the tolerance of Arabidopsis 
seeds to salinity can by also improved by CRY1. Also, BL via CRY2 enhances tolerance of Arabidopsis seeds 
to osmotic stress. Possible mechanisms of how BL could influence plant sensitivity to abiotic stress are 
discussed. 
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SNF1-related protein kinases 2 (SnRK2s) are key regulators of plant responses to water regimes. Here, we 
present our results concerning the role of SnRK2.10 kinase, member of ABA non-activated SnRK2s in the 
response to salinity stress. 
SnRK2.10 is activated both in roots and rosettes of hydroponically grown Arabidopsis thaliana plants 
exposed to salinity stress. In rosettes the kinase activation was observed already 5 min after stress 
application. The analysis of snrk2.10 knockout plants exposed to prolonged salt stress showed significantly 
lower dry mass of the mutants in comparison to wild type plants. We also found that in snrk2.10 mutants 
qP, qN, Y(II) and Fv/Fm parameters were more strongly affected than those in wild type plants, indicating 
stronger disorder in PSII functioning. Observed reduction in photosynthesis efficiency was correlated with 
lower levels of selected main photosynthesis related proteins in snrk2.10 than in wild type plants. 
Concluding, our results indicate that SnRK2.10 regulates the efficiency of photosynthesis and thus plant 
growth in the stress conditions.  
This work was supported by National Science Center Poland, project number 2014/13/D/NZ3/03101 
 
 
 
 
 
 
 
 

Dynamic CRK2 Protein Localization Regulates Callose Deposition and Plasmodesmal 
Permeability during Salt Stress in Arabidopsis 
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The receptor-like protein kinases (RLKs) are a highly expanded family of transmembrane proteins in plants 
and are largely responsible for communication between cells and the extracellular environment. Cysteine-
rich receptor-like kinases (CRKs) represent a subgroup of RLKs, defined by a conserved pattern of cysteines 
in their extracellular domain. CRKs are promising signalling candidates for both biotic and abiotic stress 
responsive pathways.  
We show that CRK2 is required for salt tolerance at the germination stage in Arabidopsis thaliana. A 
proteomics screen for CRK2 interactions revealed callose synthases as interesting candidates interacting 
with CRK2. We showed that there are significant differences in basal callose deposition between wild type, 
crk2 mutant, and CRK2 overexpressing lines, and this correlates with differences in plasmodesmal 
permeability. Plants lacking a functional CRK2 protein have a reduced callose deposition response to salt 
treatment. Using fluorescently tagged proteins we observed a change in CRK2 localization in response to 
salt treatment, from the plasma membrane to distinct spots resembling plasmodesmata. This re-
localization is calcium dependent and requires an active kinase domain, however it occurs independently 
of respiratory burst oxidase homologs (RBOHs) activation and ROS production. CRK2 also interacts with 
phospholipases and phospholipase activity may be essential in dynamic relocalization of CRKs in response 
to stress. 
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The Singlet Oxygen Signaling Pathways Leading to Photooxidative Stress Tolerance in Plants 
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Singlet oxygen is a reactive oxygen species (ROS) intimately associated with photosynthesis since it is 
produced in the chloroplasts from chlorophyll molecules acting as photosensitizers. Besides its direct 
toxicity, singlet oxygen triggers specific signaling cascades leading either to programmed cell death or to 
acclimation to photooxidative stress. Due to the high reactivity and short lifetime of singlet oxygen, direct 
involvement of this ROS in the chloroplast-to-nucleus retrograde signaling is unlikely, and signaling may 
find its origin in the oxidation of preferential targets, then acting as mediators. Carotenoids are efficient 
physical quenchers of singlet oxygen which can be occasionally oxidized by singlet oxygen, generating, 
among others, the mediator beta-cyclocitral (beta-CC). beta-CC induces changes in gene expression which 
lead to increased tolerance to high light stress. The beta-CC-dependent signaling pathway is largely 
unknown, with the zinc finger protein MBS1 (METHYLENE BLUE SENSITIVITY 1) being the only component 
identified so far. In this talk, we will present new results in the characterization of this pathway, including 
metabolites and transcription factors controlling the response to beta-CC and molecular mechanisms 
underlying the enhancement of photooxidative stress tolerance of Arabidopsis.  
 
 
 
 
 
 
 
 
 
 

Multiple Signal Integration - How light Affects Stress Responses 
 
Julia Krasensky-Wrzaczek, Cuong Tran, Saad Bin Eusuf, Jaakko Kangasjärvi 
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Light and temperature are two main factors that enable plants to sense seasonal changes and adjust 
growth, defense, and transition to flowering according to the prevailing conditions. In order to integrate 
the multitude of signals that plants are exposed to, complex signaling networks have evolved. We are 
investigating signaling mechanisms that determine plant stress sensitivity under different light conditions. 
ROS signaling together with the phytohormone salicylic acid (SA) is playing a major role in stress response 
and may lead to activation of either protective redox-poising mechanisms or programmed cell death.  
We are studying the response of Arabidopsis to ozone as an inducer of apoplastic ROS production under 
different growth day lengths. LD-grown plants are more sensitive to ozone than SD-grown plants and 
exhibit more cell death. SA-signaling plays an important role in this process, particularly under LD 
conditions, since lack of stress-induced SA renders plants even more sensitive than wild type plants. 
Interestingly we identified ICS1, the rate-limiting enzyme in stress-induced SA biosynthesis, as 
phosphoprotein. Currently we are investigating the effect of phosphorylation of ICS1 on stress response 
by in vitro as well as in vivo techniques. 
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Solanum Pimpinellifolium Wild Tomato Accession Primed against Oxidative Stress 
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ROS accumulation during abiotic stress is a major cause of yield loss worldwide. Wild species tolerant to 
a/biotic factors are often the best candidates to identify genes for enhancing tolerance in the cultivated 
relatives. In this project, several accessions from cultivated and wild tomatoes (S. cheesmanie, S.chilense, 
S. habrochaites, S. pennelli, S. peruvianum and S. pimpinellifolium) were screened for tolerance to 
oxidative stress induced by herbicide. Accessions from S. pimpinellifollium, in general, displayed a higher 
capacity to tolerate oxidative stress than the other analysed tomato species. RNAseq analyses performed 
in a ROS tolerant and a ROS susceptible accession of S.pimpinellifolium revealed that several stress related 
and detoxification genes, exhibit a higher basal level of expression in the tolerant accession. The ROS 
tolerant accession also displayed improved drought and salt tolerance when compared to the ROS 
susceptible one. Therefore, we hypothesize that the S. pimpinellifolium tolerant accession appears to be 
primed against abiotic stresses that lead to ROS accumulation.  
 
 
 
 
 
 
 
 

Chloroplast Ca2+- Signalling in Plastid Development and Stress Response 
 
Manuela Leonardelli1, Simon Stael2, Przemyslaw Kmiecik1, Valentin Roustan1, Michele Grieco1, Ute 
Vothknecht3, Michael Melzer4, Wolfram Weckwerth1, and Markus Teige1 
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Str. 2-4, 82152 München, Germany; 4IPK Gatersleben, Structural Cell Biology, Corrensstrasse 3, 06466 Gatersleben, 
Germany. Correspondence to: markus.teige@univie.ac.at 
 
Calcium is an important secondary messenger in plant signalling and chloroplasts are able to store large 
amounts of calcium. However, not much is known about the role of calcium in these organelles. Their free 
Ca2+ concentration varies considerably and high concentrations of free Ca2+ inhibit CO2 fixation, thus 
calling for an involvement of calcium binding proteins [1]. We have identified two non-characterized 
chloroplast proteins [2], and show here that these are not only localized in the chloroplast stroma and 
bind Ca2+, we demonstrate further that they have a strong effect on chloroplast development, 
photosynthesis, thylakoid protein phosphorylation and stress acclimation. Mutants exhibit slow growth 
and chlorosis under normal growth conditions as well as altered chloroplast ultrastructure. Their PSII is 
constitutively damaged and they show a reduced photosynthetic electron transfer rate and altered 
thylakoid protein phosphorylation patterns. Unbiased shot-gun proteomics of lena,b mutants revealed 
strongest changes in the levels of photosynthetic proteins and indicate furthermore that retrograde 
signalling involving GUN proteins is altered in these mutants.  
[1] Stael S, et al. (2012) J. Exp. Bot. 63, 1525-1542. 
[2] Bayer RG, et al. (2011) Proteomics 7, 1287-1299. 
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Environmental and Hormonal Regulation of Seed Development and Germination in 
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The B3-domain transcription factor FUSCA3 (FUS3) acts as a major regulator of seed maturation in 
Arabidopsis. FUS3 is phosphorylated by the SnRK1 catalytic subunit AKIN10/SnRK1α1, which belongs to a 
conserved eukaryotic kinase complex involved in energy homeostasis and stress adaptation. FUS3 and 
SnRK1 positively regulate ABA synthesis and signaling, respectively, and are in turn positively regulated 
by ABA. Surprisingly, phosphorylation of FUS3 is not required for FUS3 well-known role in promoting 
desiccation tolerance, but it is crucial for FUS3 novel function in regulating early embryogenesis and seed 
abortion especially at high temperature. The akin10 mutant displays a seed abortion rate similar to fus3, 
and akin10 akin11 double mutant is unviable, suggesting that these two master regulators of development 
may integrate endogenous and environmental signals to control seed abortion. Upstream regulators of 
FUS3 were identified through Y1H screens, and shown to promote FUS3 expression in the embryo and to 
regulate seed abortion. Furthermore, a high-throughput Y2H screen revealed that SnRK1 interacts with 
and may regulate the ABA pathway and at multiple levels. Coexpression analysis suggests that many 
potential SnRK1 targets are involved in several stress response pathways, including temperature and 
water stress. All together, this data indicates that FUS3 and SnRK1 regulate early embryogenesis and 
stress responses in part through modulation of ABA metabolism and signaling. 
 
 
 
 
 
 

 
A Novel Protein Kinase Signals Environmental Stress in Chloroplasts 
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Chloroplasts are important environmental sensors and communicate changes to adjust metabolism and 
to modulate gene expression. Protein phosphorylation is essential for proper chloroplast function under 
normal and under stress conditions. Yet, only few chloroplast-localized protein kinases are known.  
We have identified a novel protein kinase, CKIN (chloroplast kinase), which localizes to chloroplasts and 
modulates the salt stress response of Arabidopsis thaliana. Plants deficient or overexpressing CKIN 
displayed an altered sensitivity to salt stress. Metabolic profiling of plants with modified CKIN levels 
suggest a role of CKIN in metabolic adjustment to high soil salinity. The subsequent identification of 
different chloroplast proteins as direct CKIN phosphorylation targets indicate a regulatory role of CKIN in 
carbohydrate metabolism and redox regulation and link CKIN with Ca2+ signaling. Taken together, our 
data suggest that CKIN contributes to regulate and coordinate chloroplast responses under adverse 
conditions.  
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The unfolded protein response (UPR) protects plants from adverse environmental conditions. When the 
UPR is elicited by persistent ER stress, a multiphasic program of gene expression and cellular events 
unfolds, including the induction of autophagy. An early event involves the degradation of a family of 
peroxidase gene RNAs by regulated IRE1-dependent RNA degradation (RIDD). RIDD involves the 
promiscuous ribonuclease activity of ZmIRE1’s that attacks the mRNAs of secreted proteins. This is 
followed by an upsurge in expression of the canonical UPR genes driven by the splicing of ZmbZIP60 mRNA 
to make an active transcription factor that directly upregulates many of the UPR genes. At the peak of 
UPR gene expression, a global wave of alternative RNA splicing produces many aberrant UPR gene 
transcripts, likely tempering the ER stress response. During later stages of ER stress, the expression of 
survival modulating genes, Bax inhibitor1 and Bcl-2-associated athanogene7 decline, amidst a rising tide 
of cell death. Thus, in response to persistent ER stress, maize seedlings embark on a course of events 
progressing from prosurvival activities to cell death. 
 
 
 
 
 
 

Chilling Temperature and Stem Cell Integrity: a Root Perspective 
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More than 80% of the earth biosphere is permanently or seasonally subjected to temperatures below 5ºC, 
which determine the geographical locations suitable for growing crop and horticultural plants and 
periodically account for significant losses in plant productivity. It is therefore of great importance to 
understand how plants survive and grow under low-temperature stress. We recently discovered that the 
model plant Arabidopsis thaliana (Arabidopsis), conventionally classified as a chilling-resistant plant, has 
a chilling-sensitive root stem cell niche highly prone to DNA damage and DNA damage-induced cell death 
when exposed to low non-freezing temperatures. This finding provides us a unique opportunity to identify 
and to study, at spatial and temporal resolutions, developmental and physiological responses that help 
shape cold adaptation and survival strategies in plants. Most importantly, we have now an excellent cell-
level model to investigate specialized responses of the stem cell niche to chilling injury. The wide 
distribution of Arabidopsis accessions in northern hemisphere makes our model particularly suited for 
genetic dissection of complex molecular variation that has underpinned the successful adaptation of plant 
stem cells to cold environments. The complexity of gene-trait associations can be further characterized in 
crop species and across kingdoms, from molecular to ecosystem level. 
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Mitochondria play critical roles not only in primary metabolism as a central organelle for ATP generation, 
but also in sensing biotic/abiotic stress and relaying information to the nucleus to properly respond to 
stress. mTERF (Mitochondrial Transcription tERmination Factor) proteins are important nuclear-encoded 
proteins involved in maintaining mitochondrial homeostasis. The founding member of the mTERF family, 
human mTERF1, binds specific sites in the mitochondrial genome and regulates transcription termination. 
Plants have undergone a dramatic evolutionary expansion of this family, with 35 members in Arabidopsis, 
most of which are targeted to plastids and/or mitochondria. We previously identified a mutation in the 
Arabidopsis MTERF18/SHOT1 (Suppressor of hot1-4 1) gene in a screen for a suppressor of a heat sensitive 
mutant, a dominant-negative allele of chaperone HSP101 (hot1-4). shot1 mutants survive better under 
heat stress, presumably due to reduced oxidative damage, but the exact molecular mechanism of their 
thermotolerance is unknown. In order to understand the mechanism of thermotolerance caused by shot1 
mutations, it is critical to identify the molecular targets of the SHOT1 protein. We found that shot1 
mutations cause an overall increase in mitochondria-encoded transcripts and translation rate, which is 
likely a compensatory response to overcome reduced oxidative phosphorylation (OXPHOS). Proteomics 
analysis of shot1-2 compared to wild type detected 22 mitochondrial-encoded proteins, showing proteins 
involved in OXPHOS were decreased, while ribosomal proteins were increased in shot1-2. Mitochondrial 
small HSPs are increased in shot1-2, and may be necessary, but are not sufficient for heat tolerance of the 
mutant. ATAD3 proteins, which are suggested to be involved in nucleoid organization in animals and 
mitochondrial-ER contacts, were identified as interacting partners of SHOT1. Immunoprecipitation 
followed by qPCR experiments also revealed that SHOT1 binds to certain mitochondrial DNA sequences. 
With evidence of diffuse mitochondrial nucleoids in the shot1-2 mutant, we propose that SHOT1 may be 
involved in mitochondrial nucleoid organization, possibly tethering mitochondrial DNA to membrane-
localized ATAD3 proteins and altering mitochondrial-ER interactions.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:vierling@biochem.umass.edu


24 
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Environmental influence can alter the conditions for plant development and can trigger changes in 
epigenetic variation. Thus, the exposure to abiotic environmental stress can lead to different DNA 
methylation profiles and may have evolutionary consequences for adaptation. Epigenetic control 
mechanisms may further influence mode of reproduction. The alpine species R. kuepferi has diploid and 
tetraploid cytotypes, that are mostly sexual and facultative apomicts, respectively. Hence, it is a suitable 
model system for studying the correlations of mode of reproduction, ploidy and environmental stress. 
Diploid and tetraploid individuals were placed in two climate chambers and treated with low (+7°C 
day/+2°C night, -1°C cold shocks for three nights per week) and warm (control) temperatures (+15°C 
day/+10°C night). Subsequently, we used methylation sensitive-AFLP markers to screen genome-wide 
methylation alterations triggered by stress treatments. The dataset was analyzed for four groups 
regarding treatment (Cold/Warm) and ploidy level (Diploid/Tetraploid), and also separately for full 
methylated, hemi-methylated and unmethylated sites. Patterns of epigenetic variation suggested that 
diploids differed significantly in their profiles from tetraploids independent from treatment, while 
treatments did not differ significantly within cytotypes. Furthermore, diploids are more differentiated 
than the tetraploids in overall methylation profiles of both treatments. This observation is in accordance 
with the increased frequency of apomictic seed formation in diploids and maintenance of facultative 
apomixis in tetraploids during the experiment. Global AMOVA showed higher epigenetic variation within 
groups than among them, while locus-by-locus AMOVA showed a high number (54.7%) of significantly 
differentiated un-methylated loci. To summarise, epigenetic variation seems to depend on ploidy level, 
and in diploids may be correlated to changes in mode of reproduction. However, further studies are 
needed to elucidate the mechanism and possible functional significance of these correlations. 
 

Osmotic Stress Decreases Complexity Underlying Plant Electrome Dynamic in Soybean 
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Studies on plant electrophysiology are mostly focused on specific traits of single cells. Herein, we sought 
evidence of high complexity in the whole electrical dynamics of plant signalling, named plant electrome, 
and a likely relationship with environmental cues. An EEG-like standard protocol was adopted for high-
resolution measurements of the electrical signal in Glycine max seedlings. The signals were continuously 
recorded in the same plants before and after osmotic stimuli with a - 2 MPa mannitol solution. Non-linear 
time series analyses methods were used as follows: auto-correlation and cross-correlation function, 
power spectra density function, and complexity of the time series estimated as Approximate Entropy 
(ApEn). Using ApEn analysis we found that the level of temporal complexity of the electrical signals was 
affected by the environmental conditions, decreasing when the plant was subjected to a low osmotic 
potential. Electrical spikes observed only after stimuli followed a power law distribution, which is 
indicative of scale invariance. Our results suggest that changes in complexity of the electrical signals could 
be associated with water stress conditions in plants. We hypothesised that the power law distribution of 
the spikes could be explained by a self-organised critical state (SOC) after osmotic stress. 
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Wheat cultivar Shanrong No. 3 (SR3) shows elevated tolerance to salt and oxidative stress. SR3 is derived 
from an asymmetric somatic hybridization between Triticum aestivum and tall wheatgrass (Thinopyrum 
ponticum). The enhanced salinity and oxidative stress tolerance of SR3 is largely explained by two 
mutations in a T. aestivum SIMILAR TO RCD ONE (SRO) gene. Proteins of the RCD1/SRO1 family are 
nuclear-localized and influence transcriptional responses to different types of abiotic stress. However, T. 
aestivum SRO1 appears to be unique in that it retains ADP-ribosyl-transferase activity – the likely ancestral 
function of the conserved PARP domain in RCD1/SRO1 proteins. Consistent with this finding, the two non-
synonymous mutations of the SR3 sro1 allele enhance its enzymatic activity (Liu et al., Plant Cell 26:164; 
2014). Here we critically re-evaluate the previously reported ADP-ribosyl-transferase activity of SR3 sro1 
using a combination of in vitro assays and transient expression in Nicotiana benthamiana. Our results 
suggest that in contrast to published results wheat sro1, like Arabidopsis RCD1, lacks ADP-ribosyl-
transferase activity and hence the increased salinity tolerance of cultivar SR3 is unlikely due to an altered 
enzymatic activity of sro1.  
 
 
 
 

 
 
 
 
Alginic Acid Altered Multiple Hormone Signaling to Regulate Plant Growth and Enhance Abiotic 
Stress Tolerance in Arabidopsis 
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Alginic acid (AlA), an acidic polysaccharide consisting of alternative blocks of β-d-mannuronic acid and α-
l-guluronic acid, is a constituent of brown algae cell wall. In this study, treatment of AlA altered root 
architecture, and increased vegetative growth in Arabidopsis seedlings. The antioxidant activity was 
increased and concentration of hydrogen peroxide (H2O2) was decreased in the leaf tissue of AlA-treated 
seedlings. Consistently, tolerance toward heat stress and salt stress was enhanced in response to AlA 
pretreatment. Next generation sequencing results revealed that AlA treatment up-regulated genes 
involved in both biotic and abiotic stress. Genes associated with three hormone signaling including 
jasmonic acid, auxin, and ethylene were increased their expression. Real-time PCR confirmed increased 
gene expression of several transcription factors known to play significant roles in the regulation of abiotic 
stress tolerance in plant. More evidence regarding the mechanism of AlA on promoting plant growth and 
increasing abiotic stress tolerance will be discussed in the poster section. 
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A compelling challenge for the plant and crop science community is to improve crop yields under a range 
of water availabilities. There are many examples where modifying single genes can improve survival under 
drought, but often because this limits growth, which restricts water loss, and there is a yield penalty 
associated with better survival. Processes that determine survival and productivity are typically not 
compatible. There are very few examples of where biotechnology has improved crop yields in the field. In 
the talk, I will highlight how modifying the way plants use and allocate carbohydrates could improve yields 
under a range of conditions using both biotechnological and chemical intervention approaches targeting 
trehalose 6-phosphate, a sugar signal which exerts remarkable control on plant processes. 
 

 
 
 
 
 
 
 
 
 

Translational Research, Can We Finish the Job 
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National and international institutions have been engaged in large programs aimed at improving the 
nutritional or functional properties of the harvested plant for use in food, animal feed, or industrial 
products. This far, these efforts have been mainly carried out through classical breeding that involves 
crossing of chosen parental lines and subsequently selecting the offspring with the desired traits. At the 
molecular level, this strategy exploit genetic recombination, and thus it’s limited to the same or closely 
related species at the best. Beside, crossing result in the introduction of unwanted traits together with 
the desired ones. Cleaning of the genetic material from the unwanted traits is usually hampered by the 
low frequency of recombination events and the large number of the needed backcrosses to purify the 
genetic materials. One of the major aims of plant biotechnology is the genetic engineering of improved 
crop plants. With this aim in mind, large-scale genome investigation projects have been undertaken in the 
model plant Arabidopsis and many important crop species, including rice, maize, soybean and tomato. 
Knowledge about plants resistance to abiotic stresses has increased tremendously, and key genes 
involved are in many cases identified. Consequently, the enormous amount of generated information has 
intensified the need for methods that permit to generate targeted genetic modification in planta. With 
the development of the TILLING and CRISPR, our progresses in engineering leader alleles in different crop 
species are in hand. 
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PhytoAB Inc. is located in California USA, and specialized in manufacturing 

antibodies for plant science and customized services. We offering primary 

antibodies for different species of plant, mainly including Arabidopsis 

thaliana, rice, maize, beans, tomato and potato etc.We have developed 

antibodies for cas9/cpf1/Rpo family/pTac family, and many others. We are 

committed to providing scientists and researchers with the best customer 

experience and high quality products. 

     

    WB     PsbA / PHY0057 

 

For more products, please contact us or visit our website. 
 

PhytoAB Inc. 
Add: 520 Second Avenue Suite D3, Redwood City, CA 94063. 

Tel: 1-800-380-9586; 650-248-2301    info@phytoab.com      www.phytoab.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cat. No.  Abbreviation Cat. No.  Abbreviation 

PHY0342  PsaA Antibody PHY0303A GAPDH antibody 

PHY0054A  PsaB Antibody PHY5010 His tag antibody 

PHY0057  PsbA Antibody PHY0043S Lhca1 antibody 

PHY0062A  PsbS Antibody PHY0361A  CRISPR/cas9 antibody 

PHY0058A  PsbB Antibody PHY0362S CRISPR/cpf1 antibody 

PHY0066  RbcL Antibody PHY0690S RpoA antibody 

PHY0311  AtpA Antibody PHY0691S RpoB antibody 

PHY0318  CP43 Antibody PHY0692S RpoC1 antibody 

PHY0011A  AtpB Antibody PHY0389S  PTAC12 antibody 
PHY0321 Cytochrome f Antibody PHY0390S  PTAC8 antibody 

PHY0001  Actin antibody PHY5013  GST tag antibody 
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The effect of irrigation and cultivation practices (tillage-semi tillage-no tillage) were examined in local 
(Xynisteri-Xyn.) and international (Chardonnay-Char.) white cultivars through VitiSmart project. In Char., 
yield was increased (almost doubled) with irrigation for both semi- and full-tillage, and this increase was 
related mainly to the increased fresh weight of each cluster. In contrast, Xyn. as a drought resistant 
cultivar, improved yield through tillage than no tillage, independently the irrigation practice. At veraison 
stage, Xyn. leaf stomatal conductance decreased in non-irrigated vines. No differences were found in leaf 
chlorophylls, total phenolics and antioxidants. At veraison stage, in contrast to the flowering stage, leaf 
N, K and P content increased with the irrigation practice, while Mg content was decreased. In Char., 
harvested grapes had increased TSS and decreased acidity in tillage (with or without irrigation) and the 
oppose trend was found in case of no tillage treatments. In Xyn. no main differences were found in grapes 
quality regarding the irrigation and/or cultivation practices indicating the well adapted scheme to semi-
arid regions as Cyprus. 
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The primary metabolic activity of desiccation tolerant plants (DT) can revive after shorter (HDT) or longer 
(PDT) periods of air-dried desiccated state. Both strategies can be considered opportunistic against the 
water deficit in extreme habitats but the timescale of rehydration and desiccation events are basically 
determined by their recovery level. We try to compare the regeneration ability of different HDT and PDT 
plant species deriving from different habitats based on their physiological aspects after being in 4 or more 
years of air-dried state. For 5 days of rehydration we were following the changes of photosynthetically 
features (through measuring PN the net photosynthesis and Fv/Fm -the maximal quantum yield of PSII) 
and their morpho-anatomical characters. Differences e.g. in the quality of the regeneration of different 
Xerophyta species (PDT) are also observed in respiration-photosynthesis transition and the level of CO2 
assimilation values. In comparison with different habitats and periods in desiccation states, the whole 
recovery based on Fv/Fm values followed 48h and 72 h rehydration dependent on the species. We can 
also see the differences in time according to chloroplast reorganization levels. In the case of two 
Tanzanian species (X.scabrida and X. spekei) the chloroplast rebuilding processes is faster resulting in 
developed chloroplast form following 48 h rehydration than Madagascan one (X. pectinata) where it is 
expressed by 120h rehydration. Not only spending time in air-dried state but also local, climatic 
environmental differences may play an important role e.g. in the same genus belonging to the same DT 
strategy. 
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Late embryogenesis abundant (LEA) proteins are widely distributed among plant species, where they 
contribute to abiotic stress tolerance. LEA proteins can be classified into seven groups according to 
conserved sequence motifs. The PM1 protein from soybean, which belongs to the Pfam LEA_1 group, has 
been shown previously to be at least partially natively unfolded, to bind metal ions, and potentially to 
stabilize proteins and membranes. Here, we investigated the role of the PM1 C-terminal domain and in 
particular the multiple histidine residues in this half of the protein. We constructed recombinant plasmids 
expressing full-length PM1 and two truncated forms, PM1-N and PM1-C, which represent the N-terminal 
and C-terminal halves of the protein, respectively. Immunoblotting and crosslinking experiments showed 
that full-length PM1 forms oligomers and high molecular weight (HMW) complexes in vitro and in vivo, 
while PM1-C, but not PM1-N, also formed oligomers and HMW complexes in vitro. When the histidine 
residues in PM1 and PM1-C were chemically modified, oligomerization was abolished, suggesting that 
histidines play a key role in this process. Furthermore, we demonstrated that high Cu2+ concentrations 
promote oligomerization and induce PM1 and PM1-C to form HMW complexes. Therefore, we speculate 
that PM1 proteins not only maintain ion homeostasis in the cytoplasm, but also potentially stabilize and 
protect other proteins during abiotic stress by forming a large, oligomeric molecular shield around 
biological targets.  
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Under osmotic stress, the degradation of the storage starch sustains the production of soluble sugars 

acting as osmoprotectants and limiting the detrimental effects of osmotic stress. Arabidopsis thaliana -
amylase 1 (BAM1) is a key enzyme involved in the degradation of leaf starch in the light under osmotic 
stress. Transcriptional regulation of BAM1 by absicisic acid (ABA) uncovers an intimate cross-link between 
stress-induced ABA signaling cascade and starch metabolism. 
In silico analysis revealed the presence of ABA Responsive Element (ABRE) in the BAM1 promoter of 
several dicotiledons, suggesting the conservation of ABA-mediated regulation of BAM1 among crops of 
economic importance such as tomato.  
Our current and future investigations aim to corroborate the ABA-dependent starch degradation 
mechanism as a powerful target for the improvement of stress tolerance. 
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Abiotic stresses such as salt stress are the major limiting factors for agricultural productivity, and cause 
global food insecurity. It is well known that beneficial plant-associated microorganisms can stimulate plant 
growth and enhance resistance to abiotic stresses. Recently, our group reported that the beneficial 
Enterobacter sp.SA187 induces plant growth on Arabidopsis under salt stress conditions by manipulating 
the plant ethylene signaling pathway. We therefore compared inoculation of plants by SA187 with the 
non-virulent strain Pst hrcC- which induced salt stress tolerance, suggesting that Pst hrcC- also contains 
plant growth promoting activity under stress conditions. To further elucidate the underlying mechanisms 
of this interaction with Arabidopsis, RNAseq, hormone and biochemical analyses are currently carried out 
and will be discussed. 
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Plants respond to drought stress by various cellular and tissue specific physiological and molecular 
mechanisms, including changes in gene expression and abundance of specific proteins. To obtain 
comprehensive and deeper insight into the molecular mechanisms involved in the response to drought, 
the role of cellular organelles, such as chloroplasts should be considered in stress-related molecular 
studies. Here, we report the efficiency of the isolation of chloroplasts from leaves of drought-stressed and 
control plants of common bean (Phaseolus vulgaris L.) and the analysis of chloroplasts proteins in two 
cultivars differing in the response to drought. Negative effects of drought stress on the photosynthetic 
rate and chlorophyll fluorescence parameters of both cultivars were observed. The yield of isolated 
chloroplasts in control samples of both cultivars was at least 5 times higher compared to drought-stressed 
samples. The intactness of the isolated chloroplasts was checked and used for protein isolation. To 
estimate protein contaminants in the chloroplast proteins, western blot analysis was performed. Isolated 
chloroplast proteins were suitable for proteomic analysis by 2D-DIGE, which is currently ongoing. 
Differences in protein abundance between control and stressed plants and between the cultivars will be 
compared. The results of the research will provide the basic insight into the molecular regulatory 
mechanism of chloroplast proteins in common bean under drought. 
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Salinity is leading to plants slower growth and metabolic disorders which limit their yield. Activation of 
salt stress defense requires adjustment of primary C and N metabolism to cover an increased demand for 
energy, reduction force and carbon skeletons for synthesis of defense-related compounds. We analyzed 
cucumber plants response after 7 days of salt stress and in recovery phase on physiological and 
biochemical levels. Salt stress inhibited elongation growth of cucumber shoots and roots and caused ion 
imbalance. The decrease in malic and citric acids contents in both organs after stress may indicate 
initiation of decarboxylation processes to increase the CO2 pool in cells and to obtain key metabolic 
precursors. Salt stress and recovery are mediated by components of C metabolites which might contribute 
to plant acclimatization to salt stress. A significant increase in decarboxylating enzymes activities may 
prove their anaplerotic role in TCA cycle replenishment and plant metabolism reprogramming from 
growth and development to defense. 
Supported by grant 2012/07/N/NZ9/00041 (NCN, Poland). 
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Taro (Colocasia esculenta L. Schott) is an important staple food crop in tropical and developing countries, 
having high water requirements. There is no information regarding carbon and nitrogen isotopic 
composition (δ13C, δ15N) acting as a physiological indicator of taro response to drought, nor information 
on the relationship between the water use efficiency (WUE) under drought conditions and carbon isotope 
discrimination (D13C). As an alternative to WUE determination, obtained by measuring plant growth and 
water loss during an entire vegetative cycle, we used δ13C to determine the tolerance of C3 taro plants 
to drought.  
7 taro accessions from Madeira, Canary Islands and the Secretariat of the Pacific Community collections 
were grown under greenhouse conditions and submitted to different watering regimes during 1-year 
cycle. Total plant biomass (TPB) and WUE were determined. Roots and shoots were evaluated for nitrogen 
content (N), δ13C, D13C, δ15N and whole-plant (WP) δ15N. WUE showed positive correlation with TPB 
and negative with D13C; δ15N showed positive correlations with N and WPδ15N. Accordingly, the taro 
plants with enhanced WUE had low D13C and δ15N values as a physiological response to drought stress. 
The approach used in the present study offers interesting perspectives for further studies on taro. 
 
 
 
 
 

mailto:j.chojak@ihar.edu.pl
mailto:carlassgouveia@hotmail.com
mailto:csgouveia@staff.uma.pt


33 

Poster №9: Kaolin and Salicylic Acid Alleviate Summer Stress Effects on Rainfed Olive Orchards 
through Distinct Physiological and Biochemical Processes 
 
Cátia Brito1, Lia-Tânia Dinis1, Ana Luzio1, Ermelinda Silva1, Alexandre Gonçalves1, Monica Meijón2, 
Monica Escandón2, Margarida Arrobas3, Manuel Ângelo Rodrigues3, José Moutinho-Pereira1, Carlos 
Correia1 
 
1Centre for the Research and Technology of Agro-Environmental and Biological Sciences, Universidade de Trás-os-
Montes e Alto Douro, Portugal; 2Plant Physiology, Department B.O.S., Faculty of Biology, University of Oviedo, Spain; 
3Mountain Research Centre, Polytechnic Institute of Bragança, Portugal. Correspondence to: ccorreia@utad.pt 

 
In a changing world, the search for new agronomic practices that help crops to maintain and/or increase 
yields and quality is a continuous challenge. Olive trees cultivated under rainfed conditions were sprayed 
with 5% kaolin (KL) and 100 µM salicylic acid (SA) during two consecutive years in the beginning of the 
summer season. Exogenous KL enhanced relative water content (RWC), stomatal conductance (gs) net 
photosynthesis (A) and IAA immunodetection, and decreased leaf sclerophylly, secondary metabolites 
and non-structural carbohydrates accumulation, ABA signal and DNA methylation, contributing to higher 
growth and yield. The plants treated with SA showed an enhancement in RWC, gs, A, soluble proteins, 
IAA, ABA and DNA methylation immunodetection and leaf P and Mg concentrations during the summer, 
leading to higher yield. Thus, KL and SA alleviated some of the negative effects induced by summer stress 
in olive tree performance, allowing a faster restauration of the physiological functions during the stress 
relief and leading to higher yields.  
Acknowledgements: This work was funded by the INTERACT project – “Integrative Research in 
Environment, Agro-Chains and Technology”, no. NORTE-01-0145-FEDER-000017, in its lines of research 
entitled ISAC, co-financed by the European Regional Development Fund (ERDF) through NORTE 2020 
(North Regional Operational Program 2014/2020). 
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In the context of climatic change, designing plants able to overcome drought is an essential goal. Grafting 
is an environment-friendly technique to improve water stress tolerance, using “robust” rootstocks. 
Pepper is a species sensitive, so it is crucial searching tolerant rootstocks. The objective of this study was 
to evaluate the short-term effects of drought (24h after PEG 5%) on pepper plants grafted using a tolerant 
rootstock (A25). Plants treatments used were A (scion), A/A (grafted onto itself) and A/A25 (grafted onto 
A25). After 24 h photosynthesis, water and osmotic potential, nitrate reductase, lipid peroxidation and 
total radical scavenging were evaluated. A/A25 tolerated better water stress treatment, because could 
maintain water relations and obtained the less decrease in enzymes capable of reducing reactive species. 
In conclusion, grafting onto a tolerant rootstock can decrease the negative impact of drought easing the 
productivity. 
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Cerium oxide nanoparticles (nCeO2) are interesting due to redox property - transition between Ce3+ and 
Ce4+ ions. Increased usage of nCeO2 may raise its content in the environment, i.e. accumulation in water, 
air and soil. In many studies nCeO2 was coated with different polymers, but data on the effects of coated 
nCeO2 on crop species are scarce. 
In this study, wheat and pea seeds were exposed to 5 day treatment with 200 mg/L uncoated and glucose, 
levan- and pullulan-coated nCeO2 during germination. After three weeks of seedlings growth in 
hydroponics, phenolic profile in shoots was examined. 
HPLC profiles showed unchanged qualitative composition (type and number of phenolics) in both tested 
plants. Among 5 identified phenolics, changes in peak areas were observed only in the most dominant 
phenolic-vicenin 1 in wheat, and in 3 phenolic compounds in pea. Results indicate minor changes of plants’ 
phenolic metabolism. 
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Iron is abundant over the Earth surface, but its deficiency is a common issue in alkaline soils conditions 
where iron is held in its insoluble state and it is unavailable for most crop plants, causing severe yield 
losses. Previous studies have demonstrated a beneficial effect of silicon on plants alleviating multiple 
environmental stresses, with a role at the level of the antioxidant system (Song et al. 2011). In cucumber 
plants grown under micronutrient (Fe, Mn and Cu) deficiency silicon has been proved to delay the onset 
of chlorosis symptoms at acidic pH conditions (Bityutskii et al. 2014). In rice, a Si-accumulating species, 
silicon is especially important for a high production (Ma and Takahashi 2002). In this study, we assay the 
effect of silicon in rice plants suffering iron deficiency in hydroponics at alkaline pH conditions concluding 
that Si has an effect on apoplast Fe pools, dry weight and iron concentration, alleviating the iron deficiency 
symptoms. 
Bityutskii et al 2014. Plant Physiol. Biochem. 74: 205-211 
Ma and Takahashi 2002. Elsevier Science, Amsterdam 
Song et al. 2011. Plant Soil. 344: 319-333 
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The aim of this work was to evaluate the effect of silicon (Si) on iron (Fe) deficient tomato plants 
comparing two different ways of Si application: root and foliar application. Therefore, tomato plants were 
grown in hydroponic system with 1.5 mM Si applied at the nutrient solution or sprayed on the leaves. 
During the Fe deficiency period, SPAD index, plant growth parameters, the status of chloroplast and 
enzymatic activities were determined.  
Results showed that the addition of 1.5 mM Si via foliar prevented the chlorophyll and chloroplast 
degradation and alleviated the plant oxidative stress due to Fe deficiency. On the other hand, the addition 
of 1.5 mM Si through the root did not increased the chlorophyll content. In conclusion, under Fe 
deficiency, it is recommended the foliar application of Si.  
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The aim of experiment was to determine the lead-induced changes in the production and/or degradation 
of reactive oxygen species (ROS). We focused on several antioxidant substances involved in resistance 
mechanisms of three S. vulgaris ecotypes with differential tolerance to heavy metals. Therefore, the 
response of metallicolous (calamine and serpentine) and non-metallicolous specimens to Pb ions was 
investigated and compared in this study. The anatomical and ultrastructural alterations as well as 
localization of ROS and chosen antioxidants appeared under short- and long term stress were visualized 
at various level of biological organization by microscopic imaging methods. The observations were 
completed by spectrophotometric measurements of lipid peroxidation level, ROS content and ROS 
scavengers activity. The study revealed differences in antioxidant machinery of tested ecotypes. 
The research was financed by the Polish National Science Centre within the project no. 
2017/01/X/NZ8/00382 
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The aim of the study was to compare the Cd tolerance by Poa pratensis, Lolium perenne and Festuca rubra 
as well as the phytoremediation potential of these three species of grass. The experiment was conducted 
in pots containing 2.0 kg of soil in 4 replications. The soil was contaminated with 3 doses of Cd - 30, 60 
and 120 mg kg-1. The aerial parts and roots of the plants were collected about 2 months after sowing. 
Plants biomass and Cd concentration in aerial parts and roots were determined. The tolerance and the 
phytoremediation potential of grasses was evaluated using a tolerance index (TI), bioaccumulation factor 
(BF) and translocation factor (TF). F. rubra was characterized by the highest TI, which indicates its greater 
Cd tolerance than 2 other species. All 3 tested grasses had TF1. It indicates their suitability for 
phytostabilization and makes them unsuitable for Cd phytoextraction. However, phytostabilization 
potential of P. pratensis was lower than the potential of L. perenne and F. rubra. P. pratensis was 
distinguished by lower TI and higher TF in comparison with the 2 other tested species of grass. 
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The unfolded protein response (UPR) protects plants from adverse environmental conditions. When the 
UPR is elicited by persistent ER stress, a multiphasic program of gene expression and cellular events 
unfolds, including the induction of autophagy. An early event involves the degradation of a family of 
peroxidase gene RNAs by regulated IRE1-dependent RNA degradation (RIDD). RIDD involves the 
promiscuous ribonuclease activity of ZmIRE1’s that attacks the mRNAs of secreted proteins. This is 
followed by an upsurge in expression of the canonical UPR genes driven by the splicing of ZmbZIP60 mRNA 
to make an active transcription factor that directly upregulates many of the UPR genes. At the peak of 
UPR gene expression, a global wave of alternative RNA splicing produces many aberrant UPR gene 
transcripts, likely tempering the ER stress response. During later stages of ER stress, the expression of 
survival modulating genes, Bax inhibitor1 and Bcl-2-associated athanogene7 decline, amidst a rising tide 
of cell death. Thus, in response to persistent ER stress, maize seedlings embark on a course of events 
progressing from prosurvival activities to cell death. 
 
 
 
 
 
 
 
 

mailto:j.korzeniowska@iung.wroclaw.pl
mailto:shh@iastate.edu


37 

Poster №17: L-NAME Decreases the Amount of Nitric Oxide via Superoxide Generation in 
Barley Root Tip 
 
Loriana Demecsová, Ladislav Tamás, Veronika Zelinová 
 
Slovak Academy of Sciences, Plant Science and Biodiversity Centre, Department of Plant Physiology, Dúbravska cesta 
9, 845 23 Bratislava, Slovak Republic. Correspondence to: loriana.demecsova@savba.sk; demecsova@gmail.com  
 
Nitric oxide (NO) has been recognized as a part of many plant physiological processes, despite the fact, 
that the ways of NO generation in plants are not fully understood. The most questionable is the existence 
of the nitric oxide synthase (NOS), because a NOS homologue wasn´t found in land plants. We chose the 
L- nitro arginine methyl ester (L-NAME) as an inhibitor of NOS activity. We also treated the roots with 
cadmium (Cd) and co-treated them with L-NAME and Cd. Exposure of barley roots to mM concentrations 
of L-NAME for 30 min caused a root growth inhibition in a dose-dependent manner. Treatment with L-
NAME also evoked a decrease in NO level in both control and Cd co-treated roots, and it overlapped with 
an increase in superoxide and peroxide levels and peroxynitrite accumulation. Our results indicate that L-
NAME, a NOS inhibitor in the animal kingdom, indeed evokes NO depletion in the plant tissues; however, 
it does not occur due to the action of L-NAME as an inhibitor of NOS, but as a consequence of L-NAME-
induced enhanced superoxide generation, leading to the accumulation of peroxynitrite in the root tips. 
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Tobacco has frequently been suggested as a candidate plant species for use in phytoremediation of metal 
contaminated soil. However the regulation of its metal-homeostasis still needs to be explored. Therefore 
an attempt to identify transporters involved in regulation of Zn homeostasis was undertaken. Two genes 
coding ZIP family members: NtZIP1-like and NtZIP11 were found to be regulated by exposure to Zn excess 
and were further characterised in more detailed analysis. Tobacco plants were subjected to different 
levels of Zn-supply (defciency and excess)and transcript levels of both genes was studied in the roots 
(apical and basal region) and leaves . 
NtZIP11 transcript level in the  leaves of tobacco is considerably higher than in the roots, while NtZIP1-
like is expressed in the roots and leaves at a comparable level. Moreover, both genes are regulated in a 
tissue-specific and Zn-dependent manner. Noteworthy, NtZIP11 is most strongly expressed in the leaves 
of tobacco grown in the presence of Zn excess (50 µM) while Zn deficiency does not modulate its 
expression. NtZIP1-like, however, is highly upregulated by Zn deficiency in leaves and in the root basal 
region but downregulated by Zn excess.  
Hence our data indicate that the primary role for NtZIP11 is in the uptake of Zn by the cells of tobacco 
leaves specifically at high Zn concentrations, whereas NtZIP1-like is likely to be a part of a mechanism 
preventing cells from accumulating excess Zn. 
Funding: Polish Science Centre (NCN) under the HARMONIA-6 call (2014/14/M/NZ3/00527). 
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Two-factorial pot experiment was established according to complete randomization method, in four 
replications. The first factor was the level of soil contamination with heavy metals: control (without 
metals), Cu1 (150 mg kg-1), Cu2 (300 mg kg-1), Zn1 (300 mg kg-1)and Zn2 (600 mg kg-1), while the second 
factor was the concentration of salicylic acid (SA): SA0- without SA, SA1- 0,5 + 0,5 mmol dcm-3 in two 
foliar sprays and SA2 - 1+1 mmol dcm-3 also in two sprays. The metals were applied to the soil as aqueous 
solutions of copper and zinc sulfates, mixed with the entire volume of soil in the pot. Test plants involved 
2 cultivars of spring wheat harvested 2 months after their emergence. Soil contamination with metals 
caused a decrease yield of wheat shoots and roots. Foliar SA application resulted in yield increase or metal 
concentration decrease in wheat shoots and roots only in some cases. It depended on wheat cultivar, the 
type of metal, the level of soil contamination as well as SA concentration used to foliar application. 
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Crops are often exposed to simultaneous action of many abiotic stresses of which drought stress (DS) and 

aluminum (Al) toxicity often occurs in acid soils. Under limiter water availability in acid soils, efficiency of 

photosynthetic machinery can be severely restricted by both stomatal and non-stomatal limitations. The 

impact of both these stresses on plant growth and functioning is difficult to predict due to decreasing 

water uptake and increasing Al concentration in soil solution with increase in drought intensity. Therefore, 

the aim of the study was to evaluate stomatal and non-stomatal factors affecting photosynthesis (Ps) of 

wheat near isogenic lines differing in Al tolerance. Plants were grown in controlled laboratory condition 

in soil with induced drought and Al toxicity. Impact of adverse growth conditions of overall Ps was 

evaluated based on measurements of leaf conductance, photosynthesis rate, maximum photochemical 

efficiency of PSII, chlorophyll content. Under conditions of moderate DS in acid soil, the Ps was limited 

only in the sensitive line (ES8) due to stomatal factors. However, under intense DS, the Ps of ES8 was 

limited by both stomatal and non-stomatal factors in contrast to Al-tolerant line, whereas Ps process was 

restricted only by stomatal factors. Under increasing drought intensity with time of no-watering and Al 

toxicity restricted photosynthesis due to non-stomatal factors was earlier noted in the leaves of ES8 than 

ET8 wheat line.  

The study was partially founded from the National Science Centre (Poland) based on decision number 

UMO-2017/25/N/NZ9/01406. 
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Nitric oxide (NO) has been identified as a signal molecule during biotic and abiotic stresses. Here, we 
investigated the NO metabolism, including NO content and localization using the specific probe DAF-2DA, 
expression of genes encoding NO synthesis (MtNR1, MtNR2 and MtNIR1) and NO-scavenging (MtGSNOR1, 
MtGSNOR2, MtHB1 and MtHB2) enzymes and the profile of protein tyrosine nitration in arbuscular 
mycorrhizal (AM) Medicago roots under Al stress.  
Expression analysis of genes encoding NO-synthesis enzymes indicated that AM symbiosis results in lower 
production of NO in Al-treated roots in comparison to non-mycorrhizal roots. Elevated levels of 
transcription of genes encoding NO-scavenging enzymes indicated more active NO scavenging in AMF-
inoculated Al-treated roots compared to non-inoculated roots. These results were confirmed by less NO 
accumulation and lower protein nitration in Al-stressed mycorrhizal roots in comparison to non-
mycorrhizal roots. Our results suggest that mycorrhizal fungi decrease NO and tyrosine nitrated proteins 
content in Al-treated Medicago roots, probably via active NO scavenging system. 
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Hot water treatment (HWT) of fruits is an approved method to reduce post-harvest disease during 
storage. Whereas the beneficial effects of HWT on fruit storability are well documented, the underlying 
cellular and molecular mechanisms are still not fully understood. 
In this work the influence of HWT on stress signaling and oxidative metabolism in apples was studied. To 
examine stress signaling, changes in MAPK activity were analyzed in an early time course experiment after 
HWT. HWT led to a persistent increase in MAPK activity in apples, suggesting the induction of downstream 
signaling pathways as well as other cellular alterations. A change in the cellular redox status is a key 
phenomenon in response to abiotic and biotic stresses. To study the effect of HWT on the redox state of 
apples, the hydrogen peroxide (H2O2) content and the levels of non-enzymatic and enzymatic 
components of the ascorbate-glutathione cycle were analyzed. Whereas apples showed a gradual, but 
treatment independent, reduction in H2O2 and ascorbate levels during storage, HWT led to an increase 
in the amounts of glutathione compared to untreated controls. In addition, this increase correlated with 
an enhanced glutathione reductase activity, resulting in a more reduced glutathione state after HWT. 
These results suggest that post-harvest HWT of apples activates stress signaling pathways and induces 
changes in the oxidative metabolism which might contribute to protect against post-harvest disease. 
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In arid and semi-arid countries such as Jordan, shortage in water sources might affect agricultural 
development and reduces the effectiveness of economic benefits of most crops planted in such areas. 
Tomato is an important agricultural crop and faces severe drought stress due to climate changes, 
therefore, measurement of proline accumulation in plant tissues is used as an indicator for drought stress 
tolerance. This research was conducted at Jarash University Campus in northern Jordan. A field 
experiment was carried out to investigate the impact of different storage temperature (+4ºC, 20ºC and -
80ºC) and different storage durations (0, 3, 6 and 11 weeks) on proline content in five different Jordanian 
tomato landraces. Results indicated that the average free proline content for samples tested directly after 
leaves collection was 7.1 µmol/g. Proline content in leaves stored at +4 ºC for 3, 6, and 11 weeks was 4.8, 
1.8, and 1.1µmol/g, respectively, while for -20ºC was 11.8, 7.9, and 9.5 µmol/g for samples stored for 3, 
6, 11 weeks respectively. In contrast the highest values for these parameters were obtained from samples 
stored at -80ºC, the average measured values of free proline content were 9.5, 7.8, and 12.9 µmol/g at 3, 
6, and 11 weeks of storage, respectively. Based on the results obtained by this research, it is 
recommended to measure proline content directly after leaves collection. However, for large number of 
samples, keeping the samples at -20ºC not longer than six weeks could be a solution. Finally, we highly 
recommend the development of in-field method for measurement of free proline content.  
 
 

 
Poster №24: Potential Involvement of Dehydrin in Cold Acclimation of Garden Roses 
 
Lin Ouyang1, Ellen De Keyser2, Leen Leus2, Marie-Christine Van Labeke2 
 
1Department of Plant Production, Ghent University, Coupure links 653, 9000 Gent, Belgium; 2ILVO, Plant Sciences 
Unit, Caritasstraat 39, 9090 Melle, Belgium. Correspondence to: Lin.ouyang@UGent.be 

 
Dehydrins (DHNs), known as abiotic stress related proteins, are upregulated under cold stress controlled 
by several transcription factors including ICE and CBF. 
We studied the cold acclimation and regulation of dehydrin in ‘Dagmar Hastrup’, ‘Yesterday’ and ‘Chandos 
Beauty’, ordered in decreasing cold hardiness. Stems were sampled in the field at Melle Belgium from 
November 2015 to March 2016. Cold hardiness level was determined by LT50 value. Target genes were 
isolated from the rose transcriptome database of ILVO. 
Low temperature induced the accumulation of RhDHN in three cultivars, although the upregulation 
pattern was cultivar dependant. During November-January, the expression increased towards January for 
the most cold hardy ‘Dagmar Hastrup’, and remained high for ‘Yesterday’. While for the cold sensitive 
‘Chandos Beauty’, the expression was highest in November but decreased towards January. From 
February on, transcript levels were very low in all cultivars. LT50 value was negatively correlated to the 
expression of RhDHN in ‘Dagmar Hastrup’. However, the transcription factors of RhICE1 and RhCBF1 were 
not linked to low temperature. This was the first report on gene expression of dehydrin in roses which 
contributes to cold hardiness. 
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Soybean grown in metal polluted soil bears risk for contaminated food; therefore, identifying varieties 
that accumulate low amounts of toxic metal are of particular interest. The uptake of metals such as 
cadmium by soybean (Glycine max L.) is partly under genetic control, and genetic markers are used to 
identify the potential to accumulate the metal in tissues. Here we study a set of soybean and wheat 
cultivars to evaluate their tolerance, genetic potential for Cd accumulation as well as Cd uptake rate, to 
identify contrasting genotypes for further studies. Using radiological analyses, we study not only the 
accumulation kinetics of cadmium in different soybeans, but also their localization al level of plant, organs, 
tissues but also cells. Our results show that genetics explains only a part of observed variability, while the 
metal translocation rate into aboveground tissue is more indicative to sensitivity.  
This work was funded by the project APVV-15-0051.  
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The essential role of the phosphorylated alpha subunit of eukaryotic translation initiation factor 2 (eIF2a) 
in stress responses and regulating protein synthesis is well known in mammalian and yeast but not clear 

in plant. In Arabidopsis, previous reports indicate that the phosphorylation of two eIF2a homologues, 
At2g40290 and At5g05470, are regulated by general control non-repressible 2 (GCN2) and affected by 
hormone and some stresses. Here, we observed that eIF2a was regulated by GCN2 and showed a 
fluctuated phosphorylation pattern at the early stages of hypoxic treatment. Ethylene mutants and 
signaling inhibitor, 1-methylcyclopropene (1-MCP), were used to determine how ethylene mediates the 

eIF2a phosphorylation. Our results indicated that the ethylene signaling pathway negatively regulated 
functions of eIF2a during hypoxia. To examine the effects of ethylene and phosphorylated eIF2a on 
translational efficiency of mRNAs, we investigated the polysome loading profiles in the wild-type and 
mutants of ethylene and GCN2 signaling pathways under hypoxia. Our results suggest ethylene would 
regulate phosphorylation of eIF2a and translation dynamics under hypoxia.  
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Extrapolating from effects seen in individual organisms in order to understand the effects seen in 
populations or ecosystems is an incredibly daunting task. Our objective is to study the induction of gamma 
radiation stress responses in rice plants at lower levels of biological complexity in order to explain 
population effects. Rice seedlings were exposed to different gamma dose rates (27, 48, 107 and 400 
mGy/h) for 2 weeks and allowed to recover for another 2 weeks. Plant growth data after irradiation 
significantly reduced at the highest dose rate, same was observed 2 weeks later. Biochemical and 
molecular analyses were performed on the 4th leaf which emerged during irradiation. After 2 weeks, 
measurements were performed on the 4th leaf as well as the 7th leaf which emerged during recovery. 
Different measurements were carried out such as enzyme activities, lignin content, amount of lipophilic 
antioxidants and gene expression of antioxidative enzyme transcripts, DNA damage repair and stress 
response genes. Although complex dose rate and leaf age dependent differences were observed, it seems 
that the 4th is able to recover from radiation. Based on responses seen in leaf 7 that was not directly 
exposed to radiation stress, we can conclude that gamma radiation seems to induce systemic acquired 
acclimation in newly emerged tissues. 
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Morpho-physiological variations play an important role in plant adaptation to salt stress. We evaluated 
the morpho-biochemical changes, induced by a progressive salt exposure in cvs of Brassica napus L., that 
may lead to adaptation to saline soil.  
Basing on germination test on seeds of several cvs, exposed to increasing concentration of NaCl, we 
selected tolerant (T) and susceptible (S) genotypes. To evaluate their adaptation ability to salinity, 15 days 
old seedlings of Dynastie (T) and SY Saveo (S) cvs were irrigated with Hoagland solution added with 0 
(control), 160 and 320 mM NaCl for 60 days.  
Gradual plant exposure to salinity reduced plant growth, size and number of leaves. Treated plants had 
higher amounts of proline, phenolics and pigments. Photochemical activity was not particularly affected 
by NaCl. The activity of polyphenol oxidase, ascorbate peroxidase and superoxide dismutase were 
differently enhanced in the two cvs.  
In these cvs the salt exposure elicited responses, i.e. a genotype dependent acclimation, that improve 
tolerance. This work represents a starting point to enhance the knowledge of stress response mechanisms 
in oil seed rape to select tolerant cvs for breeding and saline soil recovery programs. 
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The influence of molybdenum, tungsten on germination and growth of barley Hordeum vulgare L. was 
studied. Results of this study revealed the differential effect of heavy metals on seedlings growth. 
Exogenous molybdenum treatment stimulated the growth of seedlings. The addition of the metal 
significantly stimulated root elongation. Contrastingly, the addition of tungsten resulted in increased seed 
germination and inhibits the growth of seedlings. The negative effect of tungsten on the growth of barley 
was more profound for roots of plants. In addition, the influence of metals on the growth of plants was 
also tested in saline conditions. It is shown that under salinity stress plant growth drastically decreased in 
presence of tungsten. Results of this study showed that activity of molybdenum-containing aldehyde 
oxidase (AO; EC 1.2.3.1) was also significantly affected by metals. The activity of AO in leaves and roots 
enhanced with increasing concentrations of molybdate, while tungstate treatment inhibited the enzyme 
activity. Perhaps, the differential influence of molybdenum and tungsten on the growth of barley is a 
direct effect of metals on aldehyde oxidase activity in plants. Moreover, the intense negative effect of 
tungsten treatment on barley growth under salinity conditions emphasizes an important role of aldehyde 
oxidase in plant resistance to stress factors. 
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Tungsten (W) finds increasing in different industries, opening new paths for the heavy metal into the 
environment. Since tungsten shares certain chemical properties with the essential plant micro nutrient 
molybdenum, it is proposed to inhibit enzymatic activity of molybdoenzymes. However, recent studies 
suggest that much like other heavy metals, tungsten exerts toxicity on its own. This study investigates the 
effects of W on Glycine max cv. Primus, depending on plant nitrogen regime (nitrate fed (N fed) vs 
symbiotic N2 fixation (N fix)). In addition to the assessment of biomass production, starch and nutrient 
content, N2 fixation and leaf NR activity, a comprehensive proteomic analysis of roots and nodules was 
carried out. The highest W concentration resulted in a strong reduction of shoot (N fix & N fed) and root 
biomass (N fed only), as well as alterations in nutrient and starch contents. Irrespective of N regime, NR 
activity and nodulation decreased with increasing W concentrations; however, nodule fixation activity 
(mg N g-1 nodule dry weight) remained comparable to the respective control. Proteomic analysis showed 
an induction of general stress proteins, peptidase inhibitors and peroxidases at the highest tungsten 
concentration, in roots of both N-regimes. Interestingly, N fix nodules showed an accumulation of proteins 
involved in sugar, hormone and secondary metabolism, indicating modified W stress response due to N2-
fixation.  
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Group of microorganisms addressed as PGPM (plant-growth promoting microorganisms) gained increased 
attention by their involvement in plant-growth. Yeasts also belong to this group, because of their ability 
to produce phytohormones that influence the plant growth. We probed if selected yeasts strains have 
any effect on maize (Zea mays L.) plants exposed to high concentration of the toxic metal cadmium. We 
utilized five strains of non-pathogenic ascomycetous and basidiomycetous yeasts and determined the 
growth characteristics of maize plants cultivated in vitro on medium with/without Cd supplementation. 
Only two yeasts strains showed PGPM-like effect, and only Papiliotrema terestris showed growth 
promoting effect in the Cd presence. We analysed the root growth dynamics, adventitious roots number, 
fresh and dry mass of plants. We also determined the effect of Cd and yeasts on photosynthetic pigment 
content and on the activity of selected antioxidant enzymes.  
The work was supported by the Agency VEGA no. 2/0105/18 and 2/0017/18.  
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The monodehydroascorbate reductase (MDHAR) has been known for playing an important role in plant 
development and abiotic stress response by maintaining a balanced ascorbate (AsA) pool through AsA-
glutathione cycle. We introduced a RNA interference (RNAi) to determine the functional role of Oryza 
sativa L. japonica MDHAR isoform 3 (OsMDHAR3) and developed transgenic (mdhar3) rice plants in which 
the NAD(P)H domain was silenced. The mdhar3 plants showed decreased OsMDHAR3 mRNA levels and 
exhibited reduced tolerance against salt stress in a green house. Compared to wild type rice plants, 
transgenic plants showed a higher level of hydroperoxide, increased ion leakage, decreased chlorophyll 
content, and lowered AsA/dehydroascorbate ratio. Furthermore, many of the important agronomical 
traits of mdhar3 rice plants were defective in natural field conditions. In conclusion, suppression of 
OsMDHAR3 in rice plants increased accumulation of reactive oxygen species, decreased salt stress 
tolerance, and markedly affected growth and grain yield under natural field conditions.  
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Stress can prepare (prime) plants for future stress, so that the priming event is memorized and results in 
higher fitness when the plant encounters subsequent stresses. We study the role of epigenetic gene 
regulation in cold stress memory. Stress inducible genes are overrepresented among the target genes of 
the repressive histone modification H3K27me3, which likely ensures that stress-inducible genes are 
silenced in non-stress conditions. Removal of H3K27me3 by demethylases or histone exchange or the 
addition of an activating modification could lead to gene activation upon cold stress. We currently analyze 
the involvement of histone variants in cold stress memory, which are differentially expressed in the cold. 
In addition, previous analyses discovered a stress inducible histone modification in A. thaliana, shown to 
be involved in gene activation of H3K27me3 repressed genes in mammals. The kinetics of induction are 
studied by immunoblotting. Chromatin immunoprecipitation is used to analyze the occurrence of this 
modification on different target genes when they are induced by cold.  
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Intrinsically disordered proteins (IDPs) play a variety of important physiological roles in all living 
organisms. However, there is no comprehensive analysis of the abundance of IDPs associated with 
environmental stress in plants. Here, we show that a set of heat-stable proteins (i.e., proteins that do not 
denature after boiling at 100 degree for 10 min) was present in R0mm and R15mm radicles (i.e., before 
radicle emergence and 15 mm long radicles) of soybean (Glycine max) seeds. This set of 795 iTRAQ-
quantified heat-stable proteins contained a high proportion of wholly or highly disordered proteins (15%), 
which was significantly higher than that estimated for the whole soybean proteome containing 55,787 
proteins (9%). The heat-stable proteome of soybean radicles that contain many IDPs could protect lactate 
dehydrogenase (LDH) during freeze–thaw cycles. Comparison of the 795 heat-stable proteins in the R0mm 
and R15mmsoybean radicles revealed that many of these proteins changed abundance during seedling 
growth with 170 and 89 proteins being more abundant in R0mm and R15mm, respectively. KEGG analysis 
identified 18 proteins from the cysteine and methionine metabolism pathways and nine proteins from 
the phenylpropanoid biosynthesis pathway. As an important type of IDP related to stress, 30 late 
embryogenesis abundant proteins were also found. Ten selected proteins with high levels of predicted 
intrinsic disorder were able to efficiently protect LDH from the freeze–thaw-induced inactivation, but the 
protective ability was not correlated with the disorder content of these proteins. These observations 
suggest that protection of the enzymes and other proteins in a stressed cell can be one of the biological 
functions of plant IDPs. 
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Development is continually fine-tuned based on the environmental factors. How environmental 
perturbations are integrated into the developmental programs remains an important topic to dissect. By 
employing combined heat and drought stress we show that Brassicaceae-specific miR824 accumulates. 
miR824 induction requires heat shock element cis motifs and Hsf trans factors. Parallel to this we show 
that miR824 target AGAMOUS LIKE 16 (AGL16), a MADS-box transcription factor is destabilized in a 
miR824-dependent manner. Downregulation of AGL16 during abiotic stress results in acceleration of 
flowering through FT pathway. Additionally we show that regulation of miR824/AGL16 module is 
conserved within Brassicaceae. To unravel the genome-wide targets of AGL16 we performed a 
transcriptome study in AGL16 mutant plants. Taken together, our work uncovers the molecular 
mechanism of developmental adaptation to environment through miR824/AGL16 pathway. 
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Rijk Zwaan Zaadteelt en Zaadhandel B.V. 
 
Burgemeester Crezéelaan 40 
PO Box 40 
2678 ZG De Lier 
The Netherlands 
 
Tel: +31 174 53 23 00 
Fax:  +31 174 53 21 66 
 
Email: www.rijkzwaan.com/ 
Web: info@rijkzwaan.com 
 
Rijk Zwaan is a plant breeding company. We develop new vegetable varieties and sell the seeds produced 
from them all over the world. We tap into the rich diversity nature offers us, and combine it with our 
extensive market knowledge and state-of-the-art techniques. 
 
Developing new varieties. 
At Rijk Zwaan, we develop varieties with improved benefits, or ‘traits’, for the entire fresh produce chain. 
We do so by continuously developing new crossings and selecting the best offspring from them. High-tech 
research ensures that we work in an increasingly targeted and efficient manner. 
 
High-quality seeds. 
Vegetable seeds are a natural product. They must be produced under the ideal conditions and undergo 
extensive quality checks. We work in accordance with strict standards and careful plans to ensure that we 
can supply the required seeds on time. 
 
Supplying the market together. 
Our involvement does not end when we sell our seeds. We help our customers to get the best out of our 
varieties and we maintain close contact with the entire fresh produce chain, working together to provide 
consumers with tasty and healthy vegetables. 
 
Solutions. 
Our seeds form the basis for healthy and appealing vegetables. The world population continues to grow 
and the demands on food are increasing. That’s why our crop specialists and marketing specialists are in 
close contact with the entire vegetable chain. We discuss market developments, consumer trends and 
demographic shifts to identify the right priorities for our breeding programmes. This enables us to launch 
varieties that offer solutions to various societal challenges. 
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Drought is one of the most devastating abiotic stresses that decreases crop productivity all over the world. 
Crops during their growth are however often affected by the simultaneous action of many abiotic stresses. 
Combined action of many stresses is difficult to predict and depends on many factors, of which the most 
important are intensity and duration of stressors, growth phase, crop specific resistance. 
The aim of the research was to analyse alterations in the plant response to drought is altered by the action 
of other abiotic stress. 
A series of independent experiments on the combined action of drought and increased air temperature, 
aluminium toxicity and earlier exposure to drought on the alterations in plant growth and functioning 
were conducted. Experiments conducted in controlled laboratory conditions allowed for precise 
regulation of the timing and intensity of the stressors.  
The relations between the soil water potential and transpiration, photosynthesis and functioning of 
photosystem II will be analysed. The impact of various environmental aspects associated with the growth 
in stressful environment will be also discussed. This research highlight potential impact of drought and 
simultaneous action of other abiotic stresses on plant photosynthetic performance. Our results may help 
in evaluation of the impact of adverse climate changes on plant productivity. 
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1Inst. of Soil and Environ. Sci., Uni. of Agric., Faisalabad, Pakistan; 2Dept. of Environ. Sci., COMSATS Inst. of 

Information Tech., Vehari, Pakistan. Correspondence to: drhmsab@yahoo.com; m.saqib@uaf.edu.pk  
 
Boron (B) is an essential plant nutrient with a wide spread toxicity in the agricultural lands. Its toxicity is 
associated with salinity in many parts of the world. In spite of the wide co-occurrence of the problem 
relatively limited information is available on the interactive effects of B toxicity and salinity on wheat. The 
studies reported here have been conducted to explore the genetic variation in spring wheat against 
salinity and B toxicity. The plants were subjected to salinity and B toxicity and their interaction in separate 
solution and soil culture studies. Salinity and B toxicity alone and in combination significantly reduced 
shoot and root growth of the wheat genotypes with a significantly higher reduction in the case of 
combined treatment. A combination of both the stresses reduced the toxic ion accumulation in the wheat 
genotypes but resulted in lower growth in the salinity x B toxicity treatment than salinity or B toxicity 
alone. The wheat genotypes differed significantly in different treatments and the resistant genotype 
accumulated lower sodium and B in shoots. 
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In this work it was shown that both the deficiency and the excess of Zn led to the intensification of 
oxidation processes in the cells of clover plants. The response of various antioxidant enzymes was 
different and depended on the concentration of Zn in nutrient medium. So the exclusion of Zn or its 
deficiency led to a decrease in the superoxide dismutase activity. The maximum of superoxide dismutase 
activity was at 200 μM. Opposite the maximum of catalase activity was in plants grown on solution with 
an optimal Zn concentration (2 μM). Both the Zn deficiency and its excess caused a significant decrease in 
the catalase activity. No significant effect of Zn concentration on the glutathione peroxidase activity was 
established. It was shown that the ascorbate peroxidase activity strongly depended on the Zn 
concentration. A high level of activity was determined in plants grown at 200 μM and by complete 
exclusion of Zn from nutrient solution. At 2 μM and 50 μM the activity of ascorbate peroxidase decreased 
by almost half. In addition, a negative correlation was found between the content of ascorbic acid in the 
leaves and the ascorbate peroxidase activity (r=-0.77).  
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CONVIRON GERMANY GmbH 

Friedrich-Olbricht-Damm 62 
D-13627 Berlin 
Germany 
 
Tel: +49 (0) 30 367 006 62  
 
Email: info@conviron.com 
Web: www.conviron.com, www.conviron.de 
 
Conviron is the world leader in the design, manufacture and installation of controlled environment 
systems for plant science and agricultural biotechnology research. 
 
Conviron’s reach-in plant growth chambers, walk-in rooms and Argus Control Systems (a Conviron 
company) provide precise, uniform, and repeatable control of temperature, light, humidity, 
dehumidification, CO2, and other environmental conditions. All environmental parameters can be 
remotely programmed, monitored and analyzed with unparalleled accuracy and convenience. 
 
With installations in more than 90 countries, Conviron’s projects range from small single-chamber 
installations to large scale, multi-chamber facilities in some of the most prestigious corporate, university 
and research institutions around the world. Our innovative design and manufacturing expertise has 
established Conviron as the industry leader with products that are proven, reliable and robust. 
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