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PREFACE 
 

Dear Colleagues, 

Welcome to the International Confernce “Plant Abiotic Stress Tolerance”! 

 
Welcome to Vienna! 

 
Vienna is considered one of the most beautiful cities in the world situated in the heart of Europe. Due to 

its geographic and geopolitical location, Vienna has become a popular conference place in recent years. 

Today, Vienna offers a range of sights from old historical palaces, classical concerts and outstanding 

opera performances to typical Viennese coffee houses and restaurants – all brought together in 

incomparable Viennese harmony. The International and Local Organizing Committees have compiled a 

well-balanced agenda with state-of-the-art professional highlights and social events to be remembered. 

The Scientific Program offers a wide range of interesting topics. Top quality presentations will cover the 

entire range of the disciplines, including basic and applied subject matters. The program is designed to 

offer professional state-of-the-art information for basic and applied scientists and plant breeders, and 

intends to bring together young and more experienced specialists, researchers and practitioners. The 

Scientific Program is organized in Plenary Lectures, Free Communications, and Poster Sessions. You can 

look forward to four professionally challenging days, meeting colleagues and experts from all over the 

world! 

A fantastic city, Vienna is one of the best-preserved traditional European capitals, always offering new 

undiscovered sights and features to be explored! Come and see for yourself! Enjoy a beautiful "Opening 

Ceremony", a warm welcome reception, dance and sing in a humorous atmosphere, and spend your time 

visiting rich museums that are enlightened by wonderful opera and theatre performances. Surely, you will 

take back home some of the most pleasant memories of your life in this unique city in the heart of 

Europe! 

The well-balanced blend of scientific challenges and tourist highlights will convince you to come to 

Vienna and be integrated in the International Conference "Plant Abiotic Stress Tolerance”! 

 

Alisher Touraev and Heribert Hirt 

Co-Chairs of the Organizing Committee 
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PLATINUM SPONSOR 

 

 
 

 

Innovation in Seeds & Services 
 

Rijk Zwaan goes better and faster all the time 

 
Expectations regarding the performance and quality of vegetables are continuously increasing. In 

order to meet these expectations, Rijk Zwaan invests heavily in research and development. With 

1.150 employees in 20 countries Rijk Zwaan belongs to the top 10 vegetable breeding 

companies in the world. Every day our researchers, breeders and marketers are some of the 

people working on improvements and innovations. This leads to top varieties with high yields, 

extensive disease resistance, outstanding quality and a good flavour. Rijk Zwaan shares its 

success with growers, processors and merchants in over 120 countries. 

 

Look on our website www.rijkzwaan.com if you are interested in Rijk Zwaan! 
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Programme at a Glance 

 
Sunday 

February 8 
Monday 

February 9 
Tuesday 

February 10 
Wednesday 
February 11 

 9.00-10.25 
Session I 

Plant Response to Cold & 
Heat Stresses 

9.00-10.25 
Session V 

Signal Transduction of 
Stress Tolerance 

9.00-10.25 
Session VI 

Functional Genomics of 
Abiotic Stress Tolerance 

 10.30-11.00 
Coffee Break 

10.30-11.00 
Coffee Break 

10.30-11.00 
Coffee Break 

15.00 
Registration 

11.00-12.25 
Session II 

Plant Response to 
Drought, Salt & Osmotic 

Stresses 

11.00-12.25 
Session V 

Signal Transduction of 
Stress Tolerance 

11.00-12.25 
Session VI 

Functional Genomics of 
Abiotic Stress Tolerance 

17.00 –17.10 
Opening, Welcome 

address by Prof. 
Touraev, A. 

12.30-14.00 
Lunch Break+ Poster 

Session 

12.30-18.30 
Lunch, and city tours 

(organized) 

12.30-14.00 
Lunch Break 

17.10 –17.20 
Welcome address by 

Prof. Hirt, H. 

14.00-15.55 
Session III 

Plant Response to Heavy 
Metal & Oxidative 

Stresses 

 14.00-15.55 
Session VII 
Breeding & 

Biotechnology of Abiotic 
Stress Tolerance 

17.20 –18.20 
Keynote Lecture: 

Bressan, R.A. 

16.00-16.30 
Coffee Break 

 

 16.00-16.30 
Coffee Break 

18.00 –19.00 
Invited Lecture: 

Bendahmane, A. 

16.30-18.20 
Session IV 

Plant Response to 
Nutrient Stresses 

 16.30-18.00 
Session VII 
Breeding & 

Biotechnology of Abiotic 
Stress Tolerance 

19.00-21.00 
Welcome Reception 

18.30-20.30 
Poster Session +  

Dinner in the Poster  
Area 

 

18.30-20.30 
Poster Session + 

Dinner in the Poster 
Area 

 

19.00-22.30 
Farewell Party 
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GOLD SPONSOR 
 

 
 
 

A commitment to agriculture 
 
Monsanto is committed to providing the advanced tools farmers across the 

globe need to increase yields and produce abundant, affordable food. But 

producing more is only the start. Monsanto’s seeds enable farmers to grow 

more food while using fewer key resources like fuel and land. And that 

reduces the impact of farming on the environment.  

  

Producing more. Conserving more. Improving farmers’ lives.  

That’s sustainable agriculture. And that’s what Monsanto is all about.
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Programme 

 
 
 
FEBRUARY 8  (Sunday)  
 
15.00   REGISTRATION 
 
17.00 - 17.10  Opening, Welcome address by Prof. A. Touraev 
 
17.10 - 17.20  Welcome address by Prof. Heribert Hirt 
 
17.20  – 18.20 Keynote Lecture:  
 

Bressan, R.A. (USA): Why We Think the Way We Do.  Plant Stress 
Genomics Research 
Sponsored by Bayer CropScience 
 

18.20 – 19.00 Invited Lecture:  
 

Bendahmane, A. (France): TILLING, a New Tool for the Genetic 
Improvement of Crops 

 
19.00 - 21.00   Welcome reception 
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FEBRUARY 9  (Monday)  
 
08.00   REGISTRATION 
 
SESSION I  Plant Response to Cold and Heat Stresses  
 
Chair:   Jonak, C. 
 
09.00 - 09.25 (+5) Von Koskull-Döring, P. (Germany): Regulation of Heat Stress Response 

in Plants by a Network of Hsfs 
 
09.30 - 09.55 (+5) Hannah, M. (Germany): Cold-circadian Interactions and the Dynamic 

Nature of the Cold-response in Arabidopsis 
 
10.00 - 10.10 (+5)  Zuther, E. (Germany): Natural Variation in Freezing Tolerance, CBF 

Gene Sequence and Expression in the Versailles Core Collection of 
Arabidopsis Thaliana 

 
10.15 - 10.25 (+5) Guillas, I. (France): Phosphorylated Sphingolipids are Involved in Cold 

Stress Response in Arabidopsis thaliana 
 
 
10.30 - 11.00  COFFEE BREAK 
   Sponsored by CLF PlantClimatics 
 
 
SESSION II  Plant Response to Drought, Salt and Osmotic Stresses 
 
Chair:   Hirt, H. 
 
11.00 - 11.25 (+5) Zhu, J-K. (USA): Small RNAs and Epigenetic Regulation in Abiotic 

Stress Resistance 
 
11.30 - 11.55 (+5) Jonak, C. (Austria): Metabolic Adaptation and Signal Transduction in 

Response to High Salinity 
 
12.00 - 12.10 (+5) Pardo, J.M. (Spain): The NHX Exchangers Mediate Osmotic Tolerance 

through the Vacuolar Compartmentation of Potassium  
 
12.15 - 12.25 (+5) Koehl, K. (Germany):  Identification of Gene Expression Markers for 

Drought Tolerance in Rice 
 
12.30 - 14.00  LUNCH BREAK IN THE POSTER AREA & POSTER SESSION 
   Sponsored by Bayer CropScience 
 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22von%20Koskull-D%C3%B6ring%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
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SESSION III  Plant Response to Heavy Metal & Oxidative Stresses  
 
Chairs:  Kangasjärvi, J., Dietz, K.J.  
 
14.00 - 14.25 (+5) Dietz, K.J. (Germany): The Function of the Cellular Redox Regulatory 

Network in Redox Homeostasis, Stress Defense and Signaling 
 Sponsored by Agrisera 
 
14.30 - 14.50 (+5) Kangasjärvi, J. (Finland): Reactive Oxygen Species and Stress Signaling 
 
14.55 - 15.15 (+5) Lee, Y. (Korea): Identification of Heavy Metal Tolerance Genes in Plants 
 
15.20 - 15.40 (+5) Clemens, S. (Germany): Isolation and Characterization of Metal 

Hypersensitive Arabidopsis Thaliana Mutants 
 
15.45 - 15.55 (+5) Tonon, T. (France): Transcriptomic and Metabolomic Response to Saline 

and Oxidative Stress in the Model Brown Alga Ectocarpus siliculosus 
  
 
16.00 - 16.30  COFFEE BREAK 
   Sponsored by CLF PlantClimatics 
 
 
SESSION IV  Plant Response to Nutrient Stresses 
 
Chairs:  Raghothama, K.G., Scheible, W.R. 
 
16.30 - 16.55 (+5) Scheible, W.R. (Germany): Novel Regulators of Phosphate Starvation 

and Nitrate Signaling 
 
17.00 - 17.20 (+5) Raghothama, K.G. (USA): Molecular Responses of Plants to Phosphate 

Starvation 
 
17.25 - 17.35 (+5) Thibaud, M.C. (France): Phosphate Starvation Responses are mediated 

by Local and Long Distance Signaling in Arabidopsis  
 
17.40 - 17.50 (+5) Visser, E.J.W. (Netherlands): Exploring Roots – Selective Root 

Placement in Response to Nutrients 
 
18.00 - 18.10 (+5) Shin, R. (Japan): The Roles of 14-3-3 Proteins in Nutrient Deficient 

Signaling 
 
18.15 - 18.25 (+5) Kim, M.-J. (USA): An Arabidopsis AP2/ERF Transcription Factor is 

involved in Low Potassium Signaling and Directly Modulates AtHAK5 
Expression 

 
18.30 - 20.30  POSTER SESSION & LIGHT DINNER IN THE POSTER AREA 
   Sponsored by Bayer CropScience 
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FEBRUARY 10  (Tuesday)  
 
08.00   REGISTRATION 
 
SESSION V  Signal Transduction of Stress Tolerance  
 
Chairs:   Sheen, J., Teige, M. 
 
09.00 - 09.25 (+5) Shinozaki, K. (Japan): Signaling Network in ABA Response under 

Drought Stress 
 
09.30 - 09.55 (+5) Teige, M. (Austria): A CDPK Pathway Acts Independently of MAPK 

Signaling in the Arabidopsis Salt-Stress Response 
 
10.00 - 10.10 (+5) Bachmair, A. (Austria): A Family of Ubiquitin Ligases Transmits ROS 

and NO Signals in Programmed Cell Death Induction 
 
10.15 – 10.25 (+5) Rodriguez, P.L. (Spain): HAB1-SWI3B Interaction Reveals a Link 

between Abscisic Acid Signaling and Putative SWI/SNF Chromatin 
Remodeling Complexes in Arabidopsis 

 
 
10.30 - 11.00  COFFEE BREAK 
 
 
11.00 - 11.25 (+5) Sheen, J. (USA): Convergent Energy and Stress Signaling  
 
11.30 - 11.55 (+5) Bailey-Serres, J. (France): Low Oxygen Stress Responses: Cell Identity 

versus Survival 
 
12.00 - 12.10 (+5) Santoni, V. (France): Multiple Phosphorylations in the C-terminal Tail of 

Plant Plasma Membrane Aquaporins - Role in Sub-cellular Trafficking of 
AtPIP2;1 in Response to Salt Stress and H2O2 

 
12.15 - 12.25 (+5) Nishiyama, R. (Japan): Post-translational Regulation of Stress-

Responsive NAC Transcription Factors 
 
 
12.30 - 14.00  LUNCH BREAK IN THE POSTER AREA & POSTER SESSION 
   Sponsored by Monsanto 
 
14.00 - 18.30   Organized city tours 
 
18.30 - 20.30  POSTER SESSION & LIGHT DINNER IN THE POSTER AREA  
   Sponsored by Monsanto 
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FEBRUARY 11   (Wednesday) 
 
08.00   REGISTRATION 
 
SESSION VI Functional Genomics of Abiotic Stress Tolerance  
 
Chair:   Bressan, R.A., Shinozaki, J. 
 
09.00 - 09.25 (+5) Hirt, H. (France): Strategies to Decipher Stress Signalling Protein Kinase 

Pathways in Arabidopsis 
 
09.30 - 09.55 (+5) Amtmann, A. (UK): Novel Tools and Models for Studying Abiotic Stress 

Responses in Plants  
 
10.00 - 10.10 (+5) Szabados, L. (Hungary): Functional Identification of Arabidopsis Stress 

Regulatory Genes Using the Controlled cDNA Overexpression System 
(COS) 

 
10.15 - 10.25 (+5) Grimm, B. (Germany): Functions of Specific Members of the NF-Y 

Family for Gene Activation during Adaptation to Environmental Stress  
 
 
10.30 - 11.00  COFFEE BREAK 
   Sponsored by Dow AgroSciences 
 
 
11.00 - 11.25 (+5) Fowler, D.B. (Canada): Use of Genomic Tools in Selection for Cold 

Adaptation in Wheat and Its Relatives 
 Sponsored by Genome Prairie 
 
11.30 - 11.50 (+5) Weckwerth, W. (Austria): Metabolomics of Abiotic Stress Tolerance  
 
11.55 - 12.10 (+5) Bornberg-Bauer, E. (Germany): In the Evolution and Evolvability of the 

Plant Stress Response 
 
12.15 - 12.25 (+5) Bouchereau, A. (France): Functional Analysis of Salt Stress Metabolome 

in Thellungiella halophila, the Arabidopsis Extremophile Relative 
 
12.30 - 14.00  LUNCH BREAK IN THE POSTER AREA & POSTER SESSION 
   
 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Szabados%20L%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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SESSION VII  Breeding & Biotechnology of Abiotic Stress Tolerance 
 
Chairs:  Metzlaff, M., Humphreys, M.W. 
 
14.00 - 14.20 (+5) Humphreys, M.W. (UK): Mapping Plant Stress Tolerance 
 
14.25 - 14.45 (+5) Mladek, C. (Austria): Transgenerational Effects of Stress in Plants: how 

Stable are they? 
 
14.50 - 15.10 (+5) Eberius, M. (Germany): Image Based High Throughput Phenotyping for 

the Quantification of Plant Responses to Precision-managed Abiotic 
Stressors such as Salinity, Drought, Heat Irradiation and Nutrient 
Deficiency 

 
15.15 - 15.25 (+5) Hariharan, S. (Belgium): Genome-Wide Analysis of Transcriptional 

Changes in Response to Drought Stress in Growing Leaves of Rice 
 
15.30 - 15.40 (+5) Witzel, K. (Germany): Analysis of Barley Genotypes with Contrasting 

Response Towards Salinity Using Complementary Molecular and 
Biochemical Approaches 

 
15.45 - 15.55 (+5) Vicente, O. (Spain): Drought and Salt Tolerance Conferred by 

Overexpression of SR-like Splicing Factors 
 
 
16.00 - 16.30 COFFEE BREAK 
 Sponsored by Dow AgroSciences 
 
 
16.30 - 16.55 (+5) Metzlaff, M. (Belgium): Biotechnology for Stress Tolerance 
 
17.00 - 17.15 (+5) Kalaji, H.M. (Poland): The use of Chlorophyll Fluorescence Technique 

to Detect the Effects of Different Abiotic Stresses on Plants 
 
17.20 - 17.30 (+5) Baute, J. (Belgium): Cellular Growth Responses of Maize Leaves to Cold 

and Drought Are Different and Associated with Specific Transcriptional 
and Metabolic Changes 

 
17.35 - 17.45 (+5) Klähn, S. (Germany): Synthesis of the Compatible Solute 

Glucosylglycerol in Arabidopsis thaliana by Expression of Microbial 
Genes Results in Improved Salt Tolerance 

 
17.50 - 18.00 (+5) Pareek, A. (India): Towards Understanding How Plants Sense Abiotic 

Stresses? 
 
18.05 - 18.15 Closing 
 
19.00    Farewell Party 
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Dow AgroSciences LLC, based in Indianapolis, Indiana, USA, is a top-tier agricultural 

company providing innovative crop protection, pest and vegetation management, seed, 

and agricultural biotechnology solutions to serve the world's growing population. Global 

sales for Dow AgroSciences, a wholly owned subsidiary of The Dow Chemical 

Company, are $3.4 billion. Learn more at www.dowagro.com.

http://www.dowagro.com/


 14

 

 

 
 

 
 
 

 
Abstracts of Oral Presentations 

 
 
 
 

 
 
 
 

Vienna, Austria 
8-11 February 2009 



 15

Why We Think the Way We Do.  Plant Stress Genomics Research 
 
Bressan R., Kim J.I., Yun D.-J. 
 
The domestication of plants was a key event that allowed mankind to change from a nomadic 
lifestyle to a community lifestyle.  This process has been studied extensively to determine the 
extent of genetic bottlenecking that resulted.  Perhaps only a few dozen plants were selected 
from the wild for some crop species.  Thus the genetic base of our crops is low.  Early plant 
selection was almost exclusive for yield at the expense of variability for less discernable traits, 
such as stress tolerance.  Thus, stress tolerance is not controlled in crop genomes by only a few 
loci with large effects on phenotype, but shows a continuous distribution of variation and is 
considered a quantitative trait.  Stress tolerance could be strongly controlled by a few (perhaps 
only 5-10) loci, but the genetic resources that we use do not contain sufficient allelic variation at 
the important loci.  Also, the most important loci may differ between crops.  Thus, molecular 
geneticists have found themselves in pursuit of the same objectives as farmers and plant 
breeders, the quality alleles of important loci.   
It can be argued that among the many (hundreds) of loci that have been identified to be 
associated with an adaptive stress response, those involving hormone biosynthesis or signaling 
represent the most effective known to  date.  Recently, the isolation of an auxin biosynthesis 
mutant (yucca6) has allowed the revelation of the unexpected importance of the auxin 
biosynthesis pathway to stress tolerance.  The yucca6 locus has also revealed a complex 
interaction of hormone-mediated responses that control biochemical, physiological and 
morphological aspects of stress tolerance. 
 
 
 
TILLING, a New Tool for the Genetic Improvement of Crops  
 
Bendahmane A. 
 
In the genomic era, the completion of the sequencing of several plant genomes has enabled the 
development of reverse genetics strategies, where one first identifies a target gene based on the 
functional annotation of its sequence, and then proceeds with the phenotypic characterisation of 
mutant alleles. Several mutagenesis techniques are dedicated to this approach, notably RNAi 
suppression and insertional mutagenesis. These methods, however, are still mainly based on 
Agrobacterium T-DNA vectors, and thus rely on the ability of a given plant species to be 
transformed. On the other hand, chemical mutagenesis based on an alkylating agent like EMS 
provides an easy and cost-effective way to saturate a genome with mutations. TILLING uses 
EMS mutagenesis coupled with a gene-specific detection of single-nucleotide mutations. We 
have constructed EMS-mutant population for pea, tomato and melon under controlled conditions 
and developed a database, UTILLdb, which presents phenotypic data based on visual 
characterization of M2 plants. A hierarchical categorisation of mutant phenotypes was used to 
describe the mutant plants. To facilitate the phenotype description, digital images were also 
recorded. Genomic DNA was prepared from the mutant lines and organized in pools for bulked 
TILLING screens. Tilled genes and mutations were integrated in UTILLdb through a web 
interface, which allows for global analysis of TILLING mutants. This database also serves as a 
portal for users to request materials or TILLING experiments. We have selected, for each crop, a 
list of agronomic traits to be studied by TILLING. The identification and the characterization of 
such mutants will be discussed. 
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Regulation of the Heat Stress Response in Plants by a Network of HSFs 
 
Von Koskull-Döring P. 
 
Heat stress transcription factors (Hsfs) are considered as the terminal components of the signal 
transduction chain mediating the activation of genes responsive to heat stress. Compared to 
yeast, insects and vertebrates with one to three Hsfs, the plant Hsf family shows a striking 
multiplicity with more than 20 members. The output from genome-wide transcriptome profiling 
in combination with the availability of genetically modified lines of Arabidopsis provides 
increasing evidence that despite many conserved features, the 21 Hsfs of Arabidopsis show a 
strong diversification of expression pattern and function within the family. So far, the roles of 
selected Hsfs as part of different signal transduction pathways operating in response to 
environmental stress were unraveled successfully. In response to heat stress HsfA2 was 
characterized as a rapidly induced regulatory amplifier of heat stress-induced genes. HsfA3 was 
identified as an important factor for thermotolerance being delayed induced during the time 
course of the heat stress response by the dehydration-responsive element binding factor 
DREB2A. Basing on these results we propose a model for the regulation of the heat stress 
response in Arabidopsis by a dynamic complex of different Hsfs. Furthermore there are 
indications that other Hsf members might be integrated into diverse abiotic stress signaling 
networks beyond heat stress, such as cold- drought- and salt stress. With our increasing 
understanding of the diversification of Hsf functions, the concept has been strengthened that 
Hsfs, together with other transcription factors, form a complex regulatory network essential for 
plants to survive and develop in a stressful surrounding with rapidly changing environmental 
conditions from which they cannot escape. 
 
 
 
Cold-Circadian Interactions and the Dynamic Nature of the Cold-Response in Arabidopsis 
 
Espinoza C., Degenkolbe T., Leisse A., Cuadros-Inostroza A., Willmitzer L., Hincha D.K., 
Hannah M.A. 
 
Low temperature is a major challenge to plant growth and survival. Many plants are able to 
counter this by increasing their freezing tolerance in a process known as cold acclimation. Our 
aim is to dissect the molecular basis of freezing tolerance and to understand the underlying 
regulatory networks. Our previous work using Arabidopsis accessions allowed us to establish 
relationships between freezing tolerance and the associated molecular changes. These analyses 
also revealed overlap between cold- and circadian-regulated genes. Systematic re-analysis of 
public data revealed that despite the use of paired diurnal controls, diurnal and circadian-
regulated genes are responsible for the majority of variation between experiments to identify 
cold-responsive genes. Using targeted expression analyses we showed that this is because cold 
dampens or disrupts the cycles of many clock components and output genes while on the other 
hand there is extensive diurnal gating of cold signaling. These data indicate that understanding 
the response of plants to low-temperature requires the consideration of diurnal effects. We 
therefore challenged the accepted model of cold acclimation - a transition from the non-
acclimated to the cold acclimated molecular state - by molecular profiling of diurnal time series. 
These data demonstrate that molecular changes during cold acclimation are highly dynamic and 
there are considerable interactions with diurnal regulation. 
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Natural Variation in Freezing Tolerance, CBF Gene Sequence and Expression in the 
Versailles Core Collection of Arabidopsis Thaliana  
 
Zuther E., Gery C., Lévêque S., Koehl K., McKhann H., Hincha D.K. 
 
Plant species vary dramatically in freezing tolerance and most plants from temperate regions 
increase their freezing tolerance in response to low, non-freezing temperatures in a process 
termed cold acclimation. About 20% of all cold-regulated genes depend on the CBF/DREB1 
family of AP2 type transcriptional activators. CBF genes appear to be ubiquitous in plant species 
and are almost always present in multiple copies. In Arabidopsis, the CBF1, 2 and 3 genes are 
cold induced and their peak expression occurs prior to the expression of their target (COR) 
genes.  
It is not clear how CBF expression is regulated and what contribution each individual gene 
makes to freezing tolerance and cold acclimation. We investigated the naturally occurring 
genetic diversity in 55 accessions in the Versailles Arabidopsis core collection of wide eco-
geographic origin. Phenotyping by electrolyte leakage analysis was performed to assess the 
variability in freezing tolerance before and after cold acclimation. This allowed us for the first 
time to judge the extent of natural genetic variability in freezing tolerance in any plant species. 
Additionally the CBF genes and their promoters were sequenced in 50 of these accessions and 
extensive polymorphism was found in all three genes. The effects of promoter polymorphism 
were investigated by evaluating the kinetics of CBF gene expression in accessions with 
contrasting freezing tolerance. The effects of coding region polymorphism on down-stream 
targets were evaluated as COR gene expression and accumulation of cryoprotective sugars. In 
addition, the same accessions were grown in the field to investigate their overwintering capacity 
under natural conditions. 
 
 
Phosphorylated Sphingolipids are Involved in Cold Stress Response in Arabidopsis thaliana 
 
Dutilleul C., Kesri Ghouziel, Demandre C., Delaunay A., Atanassova R., Taconnat L., 
Renou J.-P., Zachowski A., Guillas I. 
 
Background: Sphingolipids precursors, Long chain bases and ceramides, are molecules whose 
role in signalling is well documented in mammals and yeasts. Recently, they also got much 
attention in plants where they have been implied in ABA signal transduction. In the present 
study we explored the possibility that these molecules are involved in early cold stress response. 
Methods and Results: By metabolic labeling of Arabidopsis thaliana cell cultures, we 
established the rapid de novo phosphorylation of several sphingolipids upon cold shock. A 
pharmacological approach confirmed the implication of a sphingosine kinase activity in this 
process. Moreover, we demonstrated by semi-quantitative RT PCR that sphingolipid 
phosphorylation ultimately led to the modification of specific cold-responsive gene expression. 
Similar data were obtained in WT plants. The analysis of sphingolipids in long chain base kinase 
single mutants following metabolic labelling did not reveal modifications in their ability to 
phosphorylate LCBs, but showed defects in sphingolipid-specific gene expression. 
Conclusion: To summarize, we showed that phosphorylated forms of sphingolipids accumulated 
early and transiently in Arabidopsis thaliana cultured cells as well as in whole seedlings in 
response to cold. Some genes are specifically regulated by this sphingolipid pathway in response 
to cold. Taken together, these data point out the new role of sphingolipids as intermediates in 
low temperature signalling pathways. 
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Small RNAs and Epigenetic Regulation in Abiotic Stress Resistance 
 
Zhu J.-K. 
 
The research in my lab is focused on the molecular mechanisms of salt, drought and cold stress 
signaling and resistance.  Recently, we began to study the roles of microRNAs and small 
interfering RNAs in abiotic stress response pathways, the mechanisms of active DNA 
demethylation and small RNA-directed DNA methylation, and the contribution of these 
epigenetic mechanisms to stress resistance.  Recent results concerning abiotic stress-regulation 
of small RNAs and DNA methylation in Arabidopsis will be presented.  
 
 
 
 
Metabolic Adaptation and Signal Transduction in Response to High Salinity 
 
Jonak C. 
 
High soil salinity is a major abiotic stress that adversely affects plant growth and development. 
The impact of cellular metabolism on plant adaptation mechanisms under unfavourable 
environments is crucial. However, little is known about the metabolic response upon high salt 
stress. In an integrative multiparallel approach of metabolome and transcriptome analyses, we 
studied the dynamic response of the model glyophyte Arabidopsis thaliana to abscisic acid 
(ABA) and high salt conditions. This work shows that salt stress induces a complex re-
adjustment of carbohydrate metabolism and that ABA triggers the initial steps of carbon 
mobilisation. 
Integrated signalling pathways communicate different external cues and delicately coordinate 
diverse physiological responses, ultimately resulting in stress tolerance or sensitivity. Plant 
GSK-3/shaggy-like kinases (GSKs) are evolutionary conserved serine/threonine protein kinases 
that have emerged as important regulators in plant stress signal transduction. High salinity 
conditions induce in vivo MsK4 kinase activity in Medicago and Arabidopsis. Plants with 
elevated levels of MsK4 show improved salt tolerance. Remarkably, MsK4 localizes to plastids 
and associates with starch granules. Metabolic profiling revealed that plants with increased 
MsK4 activity have significantly more starch and increased carbohydrate metabolism during 
high salinity stress as compared to wild-type plants. This fact might contribute to the improved 
fitness under stress conditions and opens new perspectives on how metabolic carbon flux might 
be regulated in response to environmental stress. 
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The NHX Exchangers Mediate Osmotic Tolerance through the Vacuolar 
Compartmentation of Potassium 
 
Leidi E.O., Barragán V., Rubio L., Al-Hamdaoui A., Ruiz T., Cubero B., Fernández J.A., 
Bressan R.A., Hasegawa M., Quintero F.J., Pardo J.M. 
 
NHX-type antiporters in the tonoplast increase the salt tolerance of plants and are thought to 
mediate compartmentalization of Na+ into vacuoles. However, all isoforms characterized so far 
catalyze both Na+/H+ and K+/H+ exchange and no conclusive evidence has been presented that 
NHX exchangers do in fact enhance compartmentalization of Na+ into vacuoles in vivo. We 
show that AtNHX1 has a critical involvement in the subcellular partitioning of K+ which in turn 
impinges on plant K+ nutrition and Na+ tolerance. Transgenic tomato plants overexpressing 
AtNHX1 had larger K+ vacuolar pools in all growth conditions tested, but no consistent 
enhancement of Na+ accumulation was observed under salt stress. Greater K+ 
compartmentalization into the vacuole occurred at the expense of the cytosolic K+ pool, which 
was lower in transgenic plants. AtNHX1 overexpressing lines exhibited earlier physiological and 
molecular symptoms of K+ deficiency under K+ deprivation and took up K+ more avidly than 
control lines. Plants overexpressing AtNHX1 had greater capacity to maintain K+ homeostasis, 
rather than enhanced Na+ sequestration. These data suggest that NHX proteins are likely 
candidates for the H+-linked co-transport that is thought to achieve active K+ uptake at the 
tonoplast to facilitate partitioning of K+ between vacuole and cytosol. 
 
 
 
Identification of Gene Expression Markers for Drought Tolerance in Rice 
 
Degenkolbe T., Do P.T., Zuther E., Hincha D.K., Koehl K. 
 
Rice is one of the world’s most important crops. Especially in rain-fed cultivation systems, rice 
productivity is often severely reduced by drought. Breeding of tolerant cultivars may be 
facilitated by markers identified by expression profiling.  
In climate chamber experiments, we characterized 29 japonica and indica rice for their 
physiological response to moderate long-term drought stress. Two tolerant and two sensitive 
cultivars were selected for expression profiling of leave blades with oligonucleotide microarrays. 
Linear models were fitted to the expression data to identify genes with a significant genotype × 
environment interaction effect, indicating a differential response in tolerant and sensitive 
cultivars. Among these genes, 45 candidates that were additionally located in drought tolerance 
QTL were selected. Expression levels of these candidate genes were determined by qRT-PCR in 
all 29 cultivars and checked for correlation with the drought tolerance parameters drought score, 
water use efficiency, photosynthesis yield, dry and fresh weight. Negative correlations were 
found for genes that reflected degradative processes in sensitive cultivars. In contrast, significant 
positive correlations were established for several candidate genes suggesting a link to high 
drought tolerance. For these genes, confirmation of the positive correlation to tolerance under 
field conditions is worthwhile. Moreover, linear discriminant analysis of the data may yield 
combinations of gene expression levels with increased predictive power for drought tolerance in 
rice. 
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The Function of the Cellular Redox Regulatory Network in Redox Homeostasis, Stress Defense 
and Signalling 
 
Dietz K.-J. 
 
Redox-dependent thiol-modification of proteins constitutes a major regulatory layer 
superimposed on most cell functional categories in cells and affects development and stress 
acclimation. Modern proteomics, as well as forward and reverse genetics approaches have 
enabled the identification of a high number of novel targets of redox regulation. Redox 
controlled processes range from metabolism to transport, transcription and translation. 
Knowledge on putative redox sensors such as the peroxiredoxins, on redox transmitters 
including thioredoxins and glutaredoxins and biochemical mechanisms of their linkage to the 
metabolic redox environment has emerged to the framework of a functional redox regulatory 
network. Its basic principle is similar in eukaryotic cells, and particularly complex in the 
photosynthesising chloroplast, and will be exemplified by focusing on the function of 
peroxiredoxins. 
 
 
 
Reactive Oxygen Species and Stress Signaling 
 
Kangasjärvi J. 
 
Reactive oxygen species (ROS) have important functions during plant stress responses and 
development. In plants, ozone and pathogen infection induce an extracellular oxidative burst 
which is involved in the regulation of cell death. Ozone can also been used as a tool to induce 
the formation of ROS in the apoplast to identify components and processes regulated by 
apoplastic ROS. We have identified O3-sensitive rcd-mutants. Map-based cloning of the rcd-
mutations has revealed new components in the cellular acclimatization mechanisms. RCD1 seem 
to be involved in processes that affect interplay between hormonal signaling cascades, affect 
acclimatization to oxidative stress and salt and osmotic stress, and are required for the proper 
growth and development of the plant. The rcd1 mutant displays phenotypic deficiencies relating 
to the function of the interacting transcription factors. The rcd1 mutant is sensitive to apoplastic 
ROS, but more tolerant to chloroplastic ROS, has deficiencies in hormonal regulated gene 
expression, overproduces nitric oxide, is slightly insensitive to glucose and is sensitive to salt, 
and has constitutively more open stomata than the wild type. Yeast two-hybrid analysis 
identified several RCD1-interacting transcription factors related to salt and osmotic stress, auxin, 
and surprisingly, to photomorphogenetic processes. Functional analysis of the RCD1 gene and 
the protein-protein interactions will be described. 
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Identification of Heavy Metal Tolerance Genes in Plants  
 
Lee Y., Martinoia E., Park J.-Y., Song W.-Y., Kim Y.-Y., Lee M.-Y., Jin J.-Y., Kim D.-Y., 
Choi Y.-I., Noh E.-W. 
 
Pb2+ and Cd2+ are heavy metal pollutants that are toxic to growth of most organisms.  Previous 
physiological studies identified tolerance mechanisms including chelation, sequestration into 
vacuole, pumping out at the organellar or plasma membranes.  We searched for heavy metal 
tolerance genes using several different techniques. From microarray experiment, we identified 
ABC transporter genes that are highly induced by Pb2+ or Cd2+ treatment. Using functional 
complementation in yeast, we identified many Arabidopsis genes and two wheat genes that 
enhance Cd2+ tolerance.  In addition, we are screening, in medium containing Cd2+, Arabidopsis 
mutant plants which do not express ABC transporter genes.  The identification of the genes and 
the mechanism of function of the proteins coded by the genes will help us understand the plant 
heavy metal tolerance. For application in phytoremediation, we introduced candidate genes into 
poplar and are characterizing their performance in soil contaminated with heavy metals.   
 
 
 
Isolation and Characterization of Metal Hypersensitive Arabidopsis thaliana Mutants 
 
Weber M., Beyene B, Deinlein U., Stirnweis D., Clemens S. 
 
Transition metals such as Zn are essential for virtually any biological process. Current estimates 
assume that around 10 % of all proteins are Zn-dependent. Acquisition and distribution pathways 
are not understood. Metal tolerance is a phenomenon that can be exploited to identify molecular 
factors of metal homeostasis networks. To date only few metal tolerance factors have been 
identified in plants. Among them are metal-binding ligands such as phytochelatins and 
sequestering or effluxing transporters, respectively. Next to nothing is known about other metal 
tolerance mechanisms and their regulation. We initiated a forward genetic screen in A. thaliana 
to identify genes contributing to growth under conditions of Zn2+ excess. We isolated a series of 
metal hypersensitive mutants that will help in identifying and functionally understanding as yet 
unknown components involved in uptake, storage, regulation etc. Mutants identified so far are 
affected in at least six different loci. Their metal specificity varies indicating the existence of 
dedicated pathways. Some are exclusively Zn2+ hypersensitive while others show a stronger than 
wild type growth inhibition in the presence of a range of metal ions, e.g. Cd2+ and Ni2+. Also, we 
observed in one case a partial loss of tolerance towards other abiotic stresses. So far, three of the 
affected genes have been identified. They point to a role of cell wall architecture and the 
secretory pathway in Zn2+ tolerance. 
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Transcriptomic and Metabolomic Response to Saline and Oxidative Stress in the Model 
Brown Alga Ectocarpus siliculosus 
 
Tonon T., Dittami S., Gravot A., Bouchereau A., Boyen C. 
 
Brown algae, an important component of the coastal ecosystem, are phylogenetically distant 
from red/green algae and land plants. They have developed unique mechanisms that allow them 
to inhabit the intertidal zone, a highly changing environment with high levels of abiotic stress. 
Ectocarpus siliculosus is established as genetic and genomic model for the brown algal lineage, 
with the sequencing of its complete genome achieved recently, but little is known about its 
response to abiotic stress. We present the first large-scale transcriptomic study performed on 
brown algae, examining the short term acclimation of E. siliculosus to hyposaline, hypersaline 
and oxidative stress. The transcriptomic data presented are supported by metabolite profiling of 
amino acids, sugars, and sugar alcohols. Our results show that almost 70% of the expressed 
genes change expression in response to at least one of the stressors. Although there are a number 
of common elements with terrestrial plants, such as repression of growth-related genes, 
switching from primary production to protein and nutrient recycling processes, and induction of 
genes involved in vesicular trafficking, we identify several new genes and pathways with 
putative functions in the stress response. Our data pave the way for the comparison of the stress 
response between phylogenetically different photosynthetic organisms, which can provide 
valuable insights on the importance of different mechanisms on an evolutionary scale.  
 
 
 
Novel Regulators of Phosphate Starvation and Nitrate Signaling 
 
Scheible W.R., Pant B.D., Rubin G., Musialak M., Nuc P. 
 
During the last few years microRNAs have emerged as critical negative regulators controlling 
many aspects of plant development. The role of these small RNAs in abiotic stress and 
particularly nutrient stress responses is less well established. 
Using genetic approaches we and other labs have previously identified the phosphate starvation-
inducible microRNA399 as a critical component for plant phosphate homeostasis by being a 
negative regulator of the E2 ubiquitin conjugase PHO2 in Arabidopsis and other plants. Phloem 
sap analyses and micrografting experiments also demonstrated that microRNA399 acts as a 
long-distance signal thereby representing the first known microRNA with this status. Building 
on this case study we are interested in knowing what other plant microRNAs are macronutrient 
(esp. P and N) -responsive and may qualify as long-distance signals. Results from high-
throughput microRNA expression profiling by quantitative real-time PCR and small RNA 
sequencing experiments now suggest that microRNA regulation of nutrient stress responses is 
likely to be much more widespread than currently known. I will conclude by presenting 
additional results that identify novel transcription factors as important regulators in nitrate 
signaling. 
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Molecular Responses of Plants to Phosphate Starvation 
 
Raghothama K.G., Devaiah B.N., Ramaiah M., Nagarajan V. K. 
  
Phosphorus is one of the most limiting plant nutrients in many agro-eco-systems.  Plants in 
general deploy a range of adaptive strategies to obtain phosphate (Pi) from both inorganic and 
organic complexes.  The response of plants to Pi deficiency is quite complex and well 
orchestrated at the level of transcription. Expression of large number of genes, including 
transcription factors, is altered during adaptation of plants to Pi deficiency. The number of 
characterized transcription factors associated with Pi starvation responses is increasing. They 
appear to form an important part of a regulatory network that can modulate not only the 
expression of target genes but also Pi starvation adaptive traits including Pi uptake, phosphatase 
production, root morphology, plant pigmentation and hormone responses. We have characterized 
the role of several transcription factors in Pi starvation mediated responses.  This includes 
WRKY75, zinc finger binding protein (ZAT6), MYB62, ethylene response factor (ERF70) and a 
GARP.  All these transcription factors are induced in response to phosphate starvation and 
alterations in their expression impact many of the plant responses to Pi deficiency.  For example 
over-expression of MYB62 led to altered root system architecture, acid phosphatase activity, Pi 
content and a characteristic gibberellic acid (GA)-deficient phenotype. Similarly ERF70 also 
play important roles in Pi starvation response and regulation genes associated with GA and 
cytokinin biosynthesis.  Our study suggests that transcription factors can serve as attractive 
targets for improving P efficiency in plants. 
 
 
 
Phosphate Starvation Responses are mediated by Local and Long Distance Signaling in 
Arabidopsis 
 
Thibaud M.C., Bayle V., Creff A., Chiarenza S., Nussaume L. 
 
Plant autotrophy for mineral nutrition is a key feature for life. Despite this important issue, the 
mechanisms involved in ion sensing remain unknown in plants. Phosphate starvation responses 
are highly regulated at the transcriptional level as shown in Arabidopsis in our lab1. It is well 
established that the gene expression in phosphate-starved plantlets is dependent on both the Pi 
status of the whole plant and the Pi content in the medium suggesting that local and long 
distance responses can occur concomitantly. The mechanisms involved are complex and still 
unknown and we will try to decipher them with Arabidopsis plants in a ‘split root’ experiment. 
We analysed the variation of gene expression (i) at the whole genome level with DNA-chips 
(Affymetrix) and (ii) in mutants harboring disruption of Pi homeostasis (pho1 and pho2 
mutants). 
The gene expression profiles were determined using a ‘split root’ experiment for 2 days with one 
part of the root in high Pi and the other one in no Pi. Most of the genes that were altered in their 
expression in low Pi were regulated locally meaning that no modification of the response was 
observed in the split experiment compared to the control (transfer in a medium without 
phosphate). Among the genes altered at long distance, several were not completely repressed / 
induced in the split root experiment suggesting that both mechanisms can co-exist. The role of 
the phosphate content and translocation will be discussed and this will bring new insights on Pi 
sensing in Arabidopsis and on the gene response to Pi depletion. 
 
1 Misson et al (2005) PNAS, 102, 11934-11939. 
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Exploring Roots – Selective Root Placement in Response to Nutrients 
 
Visser E.J.W., Bögemann G.M., De Kroon H. 
 
Nutrient hotspots in otherwise poor soils can trigger the outgrowth of lateral roots to facilitate 
the uptake of these resources. This selective root placement may occur in response to either 
nitrate or phosphate patches, but appeared to be highly sensitive to the concentrations of 
nutrients in the patch and in the background. We developed a pot-based system in which 
Arabidopsis plants can be screened for their changes in root architecture when experiencing 
locally different nutrient conditions. Our results indicate that local phosphate-triggered 
outgrowth of lateral roots may be regulated via the interaction of miRNA399, a microRNA that 
is exported from the shoot when the plant is P-stressed, with UBC24/PHO2 in the roots. 
Arabidopsis pho2 mutants showed selective root placement in response to patches with high 
phosphate concentrations, whereas wildtype plants only responded to patches with relatively low 
concentrations, and not to high concentrations of phosphate. Next to a function of UBC24/PHO2 
in the regulation of high-affinity phosphate transporters, this protein may therefore also regulate 
initiation and/or outgrowth of new lateral roots. 
 
 
 
The Roles of 14-3-3 Proteins in Nutrient Deficient Signaling 
 
Shin R., Schachtman D.P. 
 
14-3-3s are highly conserved eukaryotic proteins that regulate many cellular processes by 
binding to phosphorylated sites in diverse target proteins.  In plants, 14-3-3s have been known to 
be important regulators of some enzymes and ion channels.  Unlike animals, not many 14-3-3s-
interacting-proteins have been identified in plants.  Previous study has shown that 14-3-3 chi, 
kappa and psi were phosphorylated by SnRK2.8 kinase which was down regulated by K, N and 
P deprivation.  Moreover, the transcriptional expressions of 14-3-3 kappa and psi were regulated 
differently by nutrient deprivation.  The primary root growths in transgenic plants were also 
regulated differently.  In order to further understand the roles 14-3-3 play in nutrient deprivation, 
we identified Arabidopsis proteins that bound 14-3-3s (chi, kappa and psi) in competition with a 
14-3-3 binding phosphopeptide, including many nutrient related proteins such as transporters, 
nitrogen and sulfur metabolic enzymes.   Through the use of yeast two hybrids assays and co-
immunoprecipitaion assays, interactions between some of these 14-3-3 interacting candidate 
proteins and 14-3-3s have been demonstrated.  In addition, the enzyme activities of some 
nitrogen metabolic enzymes were decreased in the 14-3-3 overexpression plants while the 
activity of one sulfur metabolic enzyme was increased.  From these results, we conclude that 14-
3-3 proteins directly regulate the activities of some target enzymes and may modulate plant 
metabolomic change against nutrient stress. 



 25

An Arabidopsis AP2/ERF Transcription Factor is involved in Low Potassium Signaling and 
Directly Modulates AtHAK5 Expression 
 
Kim M.J., Shin R., Schachtman D.P. 
 
AtHAK5 is a high affinity K+ transporter and is the only gene in the AtKT/HAK/KUP family that 
is up-regulated by K+ deprivation and rapidly down-regulated with re-supply of K+ [1]. To 
identify the signaling molecules upstream of AtHAK5 and those that may be more generally 
involved in response to K+ starvation, we activation tagged lines of Arabidopsis containing a 
potassium starvation inducible AtHAK5 promoter::luciferase marker. We identified lines that 
showed high bioluminescence under K+ sufficient conditions. One of the genes responsible for 
the expression of the AtHAK5 promoter::luciferase under K+ deplete conditions encodes an 
AP2/ERF transcription factor. This transcription factor is up-regulated under conditions of K+ 
deprivation and by exogenous ethephon and H2O2. We show that the AP2/ERF proteins directly 
bind to the AtHAK5 promoter in vitro and activated the transcription of the GUS reporter gene 
driven by a region of the AtHAK5 promoter in Arabidopsis plants.  Plants over-expressing 
AP2/ERF also showed enhanced primary root growth under K+ deprived conditions relative to 
full nutrient conditions. These results suggest that this AP2/ERF is a key factor in the regulation 
of AtHAK5 expression through binding to the AtHAK5 promoter under K+ deprived conditions. 
 
1. Ahn SJ, Shin R, Schachtman DP (2004) Expression of KT/KUP genes in Arabidopsis and the role of root hairs in 
K+ uptake. Plant Physiol 134: 1135-1145.  
 
 
 
Signaling Network in ABA Response under Drought Stress 
 
Shinozaki K., Yamaguchi-Shinozaki K. 
 

Drought stress induces a variety of genes of which products function in drought stress tolerance 
and response in plants. Many stress-inducible genes have been used to improve stress tolerance 
by gene transfer.  In this conference, we present our recent studies on molecular mechanism in 
drought stress response and tolerance. We have identified complex regulatory systems in stress-
responsive gene expression: ABA-dependent and ABA-independent systems. In the ABA-
dependent pathways, bZIP transcription factors (AREB/ABF) are involved in the major process. 
Protein phosphorylation is important for the activation of AREB proteins. We have analyzed the 
function of SnRK2 protein kinases as a major protein kinase family in drought and ABA 
signaling pathways. We analyzed double and triple mutants of SnRK2 members to identify key 
members involved in major ABA signal transduction in stress responses. SnRK2 protein kinases 
can phosphorylate AREB/ABF/ABI5 proteins to activate their transcription activities in ABA-
dependent gene expression. Moreover, a triple mutant of SnRK2s showed severe ABA 
insensitive phenotypes not only in vegetative growth stage but also in seed maturation and 
germination stage. Important roles of SnRK2s in ABA signaling will be discussed.   
In the ABA-dependent pathway, stress-inducible NCED3 is mainly involved in the ABA 
biosynthesis during drought stress. We analyzed metabolic profiles regulated by ABA using T-
DNA tagged mutant (nc3-2) and with GC-MS and CE-MS. We also analyzed transcription 
profiles using microarray for the integrated analysis of metabolome and transcriptome, and 
found that 60% stress-inducible metabolites are regulated by ABA, and that biosynthesis of 
branch chain amino acids, valine, leucine and isoleucine, as well as proline are regulated by 
ABA.  
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A CDPK Pathway Acts Independently of MAPK Signaling in the Arabidopsis Salt-Stress 
Response 
 
Mehlmer N., Hofmann-Rodrigues D., Wurzinger B., Teige M. 
 
Plants have developed multiple strategies to adapt to sudden changes in their environment. 
Extracellular signals such as light, biotic or abiotic stress factors could either elicit changes in 
the cellular Ca2+ concentrations in plants (1,2) or activate protein kinase signalling pathways 
(3,4). Decoding of Ca2+ signals is performed by protein kinases, i.e. by calcium dependent 
protein kinases (CPKs). They mediate cellular responses by either direct protein phosphorylation 
or indirectly by changing gene expression patterns. Here we describe mechanisms to adaptation 
to salt stress by different signalling pathways in Arabidopsis thaliana and analyse cross-talk 
between a MAP kinase and a CDPK pathway. We show that a CDPK has an essential function 
for salt stress adaptation and compare CDPK and MAPK mediated signaling in the stress 
response. The CDPK was strongly activated by salt stress and knockout mutants showed a salt 
sensitive phenotype comparable to MAPK knockout mutants. In contrast to animal cells, where 
cross-talk between Ca2+- and MAPK signaling is well established, these signaling pathways 
seem to act independent, indicating different mechanisms in cellular adaptation to the same 
stress. Kinase activities of salt stress activated MAPKs were not affected in CDPK knockout and 
overexpressor plants; and vice versa CDPK activities were not affected in plants with altered 
MAPK activities. Furthermore, salt-induced transcriptional induction of known stress-regulated 
marker genes was not altered, whereas post-translational protein phosphorylation patterns in 
wild type and CDPK knockout plants revealed clear differences. Together with the different 
subcellular localization of MAPKs and CDPKs (5), this indicates a different and independent 
mode of action in the salt stress response. 
 
 
 
A Family of Ubiquitin Ligases Transmits ROS and NO Signals in Programmed Cell Death 
Induction 
 
Eifler K., Scheible W.R., Schlaich N., Ernst D., Novatchkova M., Konrat R., Garzón M., 
Luxa K., Bachmair A. 
 
Ubiquitin conjugation plays a pivotal role in animal stress response and in apoptosis. Similar 
functions in plants are, however, only poorly defined, or completely unknown. We are studying 
a group of ubiquitin ligases with apparent role in cell death processes. Plants with mutation in 
some of these genes are more resistant to normally lethal stimuli caused by ozone exposure, and 
by a nitric oxide donor. The ubiquitin ligases can be divided into two classes. One class localizes 
to the cytoplasm, whereas the other class is mainly in the nucleus (with low presence in the 
cytoplasm). In the yeast two hybrid system, members of one group interact with the other group, 
but both classes can also form homo-dimers. We speculate that both types of ligase are part of a 
signal transduction cascade, transmitting ROS and NO signals emanating from the cytoplasm to 
the nucleus. Interestingly, the nuclear sub-group may also control abundance of the cytoplasmic 
group, because simultaneous over-expression of both types suppresses accumulation of the 
cytoplasmic class, which does accumulate when over-expressed alone. 
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HAB1-SWI3B Interaction Reveals a Link between Abscisic Acid Signaling and Putative 
SWI/SNF Chromatin Remodeling Complexes in Arabidopsis 
 
Saez A., Rodrigues A., Santiago J., Rubio S., Rodriguez P.L. 
 
Instituto de Biologia Molecular y Celular de Plantas, Consejo Superior de Investigaciones 
Cientificas-Universidad Politecnica de Valencia, ES-46022 Valencia, Spain 
Abscisic acid (ABA) has an important role for plant growth, development and stress adaptation. 
HYPERSENSITIVE TO ABA1 (HAB1) is a protein phosphatase type-2C (PP2C) that plays a 
key role as negative regulator of ABA signaling; however, the molecular details of HAB1 action 
in this process are not known. A two-hybrid screen revealed that SWI3B, an Arabidopsis 
homolog of the yeast SWI3 subunit of SWI/SNF chromatin remodeling complexes, is a 
prevalent interacting partner of HAB1. The interaction mapped to the N-terminal half of SWI3B 
and required an intact protein phosphatase catalytic domain. Bimolecular fluorescence 
complementation  and coimmunoprecipitation assays confirmed the interaction of HAB1 and 
SWI3B in the nucleus of plant cells. swi3b mutants showed a reduced sensitivity to ABA-
mediated inhibition of seed germination and growth, and reduced expression of the ABA-
responsive genes RAB18 and RD29B. Chromatin immunoprecipitation experiments showed that 
the presence of HAB1 in the vicinity of RD29B and RAB18 promoters was abolished by ABA, 
which suggests a direct involvement of HAB1 in regulation of ABA-induced transcription. 
Additionally, our results uncover SWI3B as a novel positive regulator of ABA signaling and 
suggest that HAB1 modulates ABA response through regulation of a putative SWI/SNF 
chromatin remodeling complex.  
 
 
 
Convergent Energy and Stress Signaling  
 
Baena-González E., Rolland F., Ramon M., Sheen J. 
 
Plants are constantly confronted by multiple types of abiotic stresses. Despite their distinct 
origin and mode of perception, nutrient deprivation and most stresses have an impact on the 
overall energy status of the plant, leading to convergent downstream responses that include 
largely overlapping transcriptional patterns. The emerging view is that this transcriptome 
reprogramming in energy and stress signaling is partly regulated by the evolutionarily conserved 
energy sensor protein kinases, SNF1 (sucrose non-fermenting1) in yeast, AMPK (AMP-
activated protein kinase) in mammals and SnRK1 (Snf1-related kinase1) in plants. Upon sensing 
the energy deficit associated with stress, nutrient deprivation and darkness, SnRK1 (KIN10/11 
in Arabidopsis) triggers extensive transcriptional changes that contribute to restoring 
homeostasis, promoting cell survival and elaborating longer-term responses for adaptation, 
growth and development.  
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Low Oxygen Stress Responses: Cell Identity versus Survival 
 
Bailey-Serres J., Mustroph A., Branco-Price C., Eugenia Zanetti M. 
 
Individual cell types express a distinct cohort of genes that impart the specific metabolic and 
structural characteristics. We addressed whether distinct cell types respond in a unified or 
unique manner to the severe energy crisis caused by oxygen deficiency. mRNAs of Arabidopsis 
thaliana were captured by immunoaffinity purification of polyribosomal mRNA complexes that 
contain a FLAG-tagged ribosomal protein L18. using This engineered ribosomal protein was 
expressed under the control of a near-constitutive or cell-type specific promoters to obtain 
different mRNA populations. The mRNAs were analyzed on Affymetrix ATH1 GeneChips to 
identify transcripts that are enriched or depleted in specific cell types and in response to brief (2 
h) oxygen deprivation. mRNAs enriched in the polyribosomal mRNA population were 
evaluated for two organs (root and shoot), three regions (root apex, whole root, shoot) and ten 
cell types (endodermis, cortex, stele, root and shoot phloem companion cells, stomata, root and 
shoot epidermis, trichomes, mesophyll). Fuzzy k-means clustering of the mRNA profiles 
exposed a mosaic of expression patterns across cell types. Hypoxia affected polyribosomal 
mRNA populations at a global and cell-specific level. The mRNAs associated with cell-identity 
were largely reduced in polyribosome complexes to accommodate the translation of 50 genes 
that facilitate the switch to an energy-conserving anaerobic metabolism and other acclimations. 
The dataset provides an unprecedented view of cell-specificity in expression of complex gene 
family members, such as transcription factors and kinases.    
 
Supported by US-NSF grants DBI 0211857, IBN-0420152, IOS-0750811. 
 
 
Multiple Phosphorylations in the C-Terminal Tail of Plant Plasma Membrane Aquaporins 
- Role in Sub-Cellular Trafficking of Atpip2;1 in Response to Salt Stress and H2O2 
 
Santoni V., Prak S., Hem S., Boudet J., Muries-Bosh B., Sommerer N.,  Rossignol M., 
Maurel C. 
 
Plant aquaporins form a family of water and solute channel proteins that play an important role 
in the regulation of root water transport in response to abiotic stresses. The role of 
phosphorylation of Plasma membrane Intrinsic Protein (PIP) aquaporins in the Arabidopsis 
thaliana root was investigated by quantitative mass spectrometry and cellular biology 
approaches. A phosphoproteomic procedure that involves phosphopeptide enrichment with TiO2 
columns and systematic mass spectrometry sequencing revealed multiple and adjacent 
phosphorylation sites in the C-terminal tail of several AtPIPs. The phosphorylation of AtPIP2;1 
at two C-terminal sites (Ser280, Ser283) was monitored by an Absolute Quantification method and 
shown to be altered in response to treatments of plants by salt (NaCl) and hydrogen peroxide 
(H2O2). The two treatments are known to strongly decrease the water permeability of 
Arabidopsis roots. To investigate a putative role of Ser280 and Ser283 phosphorylation in 
aquaporin subcellular trafficking, AtPIP2;1 forms mutated at either one of the two sites were 
fused to the Green Fluorescent Protein and expressed in transgenic plants. Confocal microscopy 
analysis of these plants revealed that, in resting conditions, phosphorylation of Ser283 is 
necessary to target AtPIP2;1 to the plasma membrane. In addition, a NaCl and a H2O2 treatments 
induced an intracellular accumulation of AtPIP2;1 by exerting specific actions onto AtPIP2;1 
forms differing in their phosphorylation at Ser280 or Ser283 to induce their accumulation in 
distinct intracellular structures. Thus, the present study documents stress-induced quantitative 
changes in aquaporin phosphorylation and establishes for the first time a link with aquaporin 
subcellular localization. 
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Post-translational Regulation of Stress-Responsive NAC Transcription Factors 
 
Nishiyama R., Fujita M., Yamaguchi-Shinozaki K., Shinozaki K. 
 
In Arabidopsis, six of NAC transcription factors including RD26 are induced not only by ABA 
and abiotic-stress (dehydration and high salinity) but also by JA and biotic-stress (wounding and 
pathogens). These 6 NAC proteins may function in crosstalk of ABA- and JA-related abiotic- 
and biotic-stress signal transduction. To analyze the role of RD26 in abiotic- and biotic stress 
responses, the RD26 gene driven by the CaMV35S promoter was transformed into Arabidopsis. 
Although RD26 transcripts were highly accumulated in the RD26-OX plants, RD26 proteins 
were undetectable. The RD26 proteins were thought to be degraded by ubiquitin-proteasome 
system because a proteasome inhibitor MG132 treatment dramatically increased RD26 proteins 
in the RD26-OX protoplasts. In addition, RD26 proteins with deletion of the C-terminal region 
were highly accumulated in protoplasts, suggesting the C-terminal region of RD26 are related to 
the degradation of the protein. To resolve the degradation process of the NAC proteins, we tried 
to identify RD26-specific ubiquitin ligase(s) necessary for the degradation. Five candidates of 
ubiquitin ligases were identified to interact with the RD26 protein by yeast two-hybrid 
screening. The interaction between these candidates of ubiquitin ligases and the stress-
responsive NAC proteins was also confirmed by bimolecular fluorescence complementation 
(BiFC). Over-expression of one of the candidates, RHG1a (RING-type ubiquitin ligase) showed 
the down-regulation of the RD26-regulated genes. These results indicate that the level of stress-
responsive NAC transcription factors is regulated not only at transcriptional level but also at 
post-translational level. 
 
 
 
Strategies to Decipher Stress Signalling Protein Kinase Pathways in Arabidopsis  
 
Hirt H. 
 
We are interested to study signal transduction in response to environmental stresses. We and 
others have identified the MEKK1-MKK1/2-MPK4/6 signalling pathway to play a central role 
in both biotic and abiotic stress signalling. Transcript profiling revealed that this pathway is a 
central regulator of ROS homeostasis and salicylic acid synthesis. Recently, we identified an 
upstream negative regulator of this pathway, the MAPKKK C5, which also plays a role in biotic 
and abiotic stress resistance. To obtain a more global view on signalling, we have established 
novel phosphoproteomic techniques to detect the state of multiple signal pathways under any 
one condition and time (de la Fuente van Bentem et al., 2007). We also developed phosphosite-
specific microarrays. The application of these phosphoproteomic techniques will be discussed in 
the context of developing models of stress signal transduction.   
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Novel Tools and Models for Studying Abiotic Stress Responses in Plants 
 
Amtmann A. 
 
In this talk I will summarise tools and techniques available for Thellungiella, a model plant for 
studying abiotic stress tolerance [1], and introduce the audience to a novel software package, 
EZ-Rhizo, for quantitative measurement of root architecture [2]. 
1. Thellungiella sp. is a close relative of Arabidopsis but tolerates drought, salt and cold. 
Comparative physiology and genomics of the two plants have led to the identification of 
essential and critical components of stress tolerance. Sequencing of Thellungiella halophila is 
now underway. 
2. Root system architecture (RSA) is the phenotypic output of signalling pathways that enable 
plants to sense and respond to nutrient supply. The lack of a fast and comprehensive RSA 
measuring tool has hampered forward and quantitative genetics studies. We have developed EZ-
Rhizo, a Windows-integrated and semi-automated computer program to detect and quantify 
multiple RSA parameters from plants growing on a solid support medium. The method is non-
invasive, enabling the user to follow RSA development over time. We have successfully applied 
EZ-Rhizo to evaluate natural variation of RSA across 23 A. thaliana accessions. The program is 
freely available to the research community. 
 
[1] Amtmann A (2009) Learning from evolution: Thellungiella generates new knowledge on essential and critical 
components of abiotic stress tolerance in plants. Molecular Plant, in press. 
[2] Armengaud P et al. (2009) EZ-Rhizo: Integrated Software for Fast and Accurate Measurement of Root System 
Architecture. Plant Journal, in press. 
 

Functional Identification of Arabidopsis Stress Regulatory Genes Using the Controlled 
cDNA Overexpression System (COS) 
 
Papdi C., Abrahám E., Joseph M.P., Popescu C., Koncz C., Szabados L.  
 
Responses to environmental stresses in higher plants are controlled by a complex web of 
abscisic acid (ABA)-dependent and independent signaling pathways. To perform genetic 
screens for identification of novel Arabidopsis (Arabidopsis thaliana) loci involved in the 
control of abiotic stress responses, a complementary DNA (cDNA) expression library was 
created in a Gateway version of estradiol-inducible XVE binary vector (controlled cDNA 
overexpression system [COS]). The COS system was tested in three genetic screens by selecting 
for ABA insensitivity, salt tolerance, and activation of a stress-responsive ADH1-LUC (alcohol 
dehydrogenase-luciferase) reporter gene. Twenty-seven cDNAs conferring dominant, estradiol-
dependent stress tolerance phenotype, were identified by polymerase chain reaction 
amplification and sequence analysis. Several cDNAs were recloned into the XVE vector and 
transformed recurrently into Arabidopsis, to confirm that the observed conditional phenotypes 
were due to their estradiol-dependent expression. Characterization of a cDNA conferring 
insensitivity to ABA in germination assays has identified the coding region of heat shock 
protein HSP17.6A suggesting its implication in ABA signal transduction. Screening for 
enhanced salt tolerance in germination and seedling growth assays revealed that estradiol-
controlled overexpression of a 2-alkenal reductase cDNA confers considerable level of salt 
insensitivity. Screening for transcriptional activation of stress- and ABA-inducible ADH1-LUC 
reporter gene has identified the ERF/AP2-type transcription factor RAP2.12, which sustained 
high-level ADH1-LUC bioluminescence, enhanced ADH1 transcription rate, and increased 
ADH enzyme activity in the presence of estradiol. These data illustrate that application of the 
COS cDNA expression library provides an efficient strategy for genetic identification and 
characterization of novel regulators of abiotic stress responses. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Papdi%20C%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Abrah%25C3%25A1m%20E%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Popescu%20C%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Koncz%20C%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%2522Szabados%20L%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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Functions of Specific Members of the NF-Y Family for Gene Activation during Adaptation 
to Environmental Stress 
 
Hackenberg D., Wu Y., Voigt A., Grimm B. 
 
The heterotrimeric NF-Y (nuclear factor Y) is reported from many eukaryotic organisms and 
binds to the well-known CCAAT-box motif. While human and animals encode the three 
subunits of NF-Y in single copy genes, Arabidopsis thaliana possess 10, 13 and 13 genes 
encoding the NF-Y subunits A, B and C, respectively. Detailed transcriptional analysis by RT-
PCR for all 36 members during various stress conditions revealed differential expression 
patterns of single NF-Y genes in different tissues, during stress and plant development. It is 
hypothesized that specific tasks are attributed to plant NF-Ys during development and 
environmental stress. These tasks are achieved by the function-dependent combinatorial 
assembly of individual subunits to NF-Y and subsequent binding to CCAAT-boxes of specific 
genes. We are interested to elucidate the functions of certain NF-Y subunits during 
physiological stress responses. Initially, one NF-YC gene was identified among early inducible 
genes upon photo-oxidative stress by accumulated porphyrins due to perturbation of tetrapyrrole 
biosynthesis. Reverse genetic approaches for several mutant genes encoding NF-Y subunits 
revealed more phenotypes of increased stress sensitivity to drought and salt stress. NF-YB 
subunits show a redox-dependent dimerisation by formation of disulphide bridges with two 
conserved cysteines. Mutation of both cysteines to serines prevents dimerisation of NF-YB. 
Translocation experiments indicate that single NF-Y subunits are imported into the nucleus after 
interaction with NF-YC by a piggyback mechanism. 
 
 
Use of Genomic Tools in Selection for Cold Adaptation in Wheat and Its Relatives 
 
Fowler D. B., Pozniak C. J., Chibbar R. N, Båga M. 
 
Cereal crops have evolved a broad range of complex systems that are expressed in anticipation 
of and during exposure to temperatures that approach freezing. These highly integrated 
quantitative systems of structural, regulatory, and developmental genes activate and control the 
low temperature (LT) protective mechanisms that are responsible for a large number of changes 
in morphological, biochemical, and physiological characteristics. Several reputed frost 
resistance QTL have been mapped to the long arms of the group 5 chromosomes. Clusters of 
CBFs have been located in the Fr-2 QTL suggesting that CBF-like genes activate downstream 
LT regulated COR genes and LT responses. However, COR gene expression levels are often 
divergent enough that comparisons among tissues and/or acclimation times can give variable 
interpretations. Related studies have also shown that cold adaptation mechanism are associated 
with genes integrated into the developmental pathways making the expression of LT tolerance 
genes pathway dependent upon, rather than due to, the action of single genes operating in 
isolation. Because of the close association with phenological development, the role of many 
minor QTLs and LT tolerance gene products that are important for regional adaptation fine 
tuning are only revealed in mapping populations under the appropriate conditions of time, 
temperature, and day length. These distinctions become important as a clear understanding of 
the gene networks and complex interactions responsible for cold adaptation is required before 
the full potential offered by genomics can be utilized to design effective plant breeding 
strategies for the identification and selection of the essential factors influencing this character of 
major economic importance.  
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Metabolomics of Abiotic Stress Tolerance 
 
Weckwerth W. 
 
In recent years, the term “metabolome” – the set of all small molecules in a cell, the metabolites 
- was used in analogy to “genome” and “proteome” [1]. Using techniques like gas 
chromatography coupled to mass spectrometry, liquid chromatography coupled to mass 
spectrometry or NMR metabolomics developed into a routine method for rapid diagnostics of 
fast responding changes in metabolism, for studying metabolic processes  and gene/protein 
functions at a systems level.  
Abiotic stress like temperature or drought stress adaptation responses can be monitored with 
metabolomics to identify sets of physiological markers and finally to integrate metabolomics 
data with proteomics and transcriptomics data for a systems-level description [2, 3]. Examples 
will be presented were metabolomic technology and data integration are applied to investigate 
abiotic stress responses in different plant model systems. For a “deterministic” understanding 
the design of in silico models of these interacting processes and their iterative linkage to 
experimental data is urgently needed. A strategy will be presented how the biological 
interpretation of metabolomics data and computer simulations are systematically connected.  
 
[1] Weckwerth, W., Metabolomics in systems biology. Annu Rev Plant Biol 2003, 54, 669-689. 
[2] Weckwerth, W., Integration of metabolomics and proteomics in molecular plant physiology - coping with the 
complexity by data-dimensionality reduction. Physiol Plantarum 2008, 132, 176-189. 
[3] Wienkoop, S., Morgenthal, K., Wolschin, F., Scholz, M., et al., Integration of metabolomic and proteomic 
phenotypes: analysis of data covariance dissects starch and RFO metabolism from low and high temperature 
compensation response in Arabidopsis thaliana. Mol Cell Proteomics 2008, 7, 1725-1736. 
 
 
 
In the Evolution and Evolveability of the Plant Stress Response 
 
Bornberg-Bauer E. 
 
Environmental challenges that include biotic and abiotic stress factors forced plants to evolve an 
amazingly complex array of response and defence mechanisms. The acquisition of the genome 
sequences of six different plant species has enabled a comparative genomic analysis of the stress 
response repertoire in Arabidopsis thaliana. Analysis of stress signaling pathways and stress 
response components reveals both conservative and rapidly evolving features. 
Gene duplication is a major force of evolutionary innovation facilitating the gain of new 
functions in genes through a process of sub- and neofunctionalization. Stress responsive genes 
exhibit many duplication events in Arabidopsis thaliana. 
A statistical analysis of microarray gene expression data from Arabidopsis thaliana shows that a 
high proportion of stress induced duplicate gene pairs exhibit a shift in expression patterns.  
Duplicated stress responsive genes in this study that originated from stress unspecific genes may 
have altered the ancestral expression levels and became stress specific. This decrease in 
expression may have changed the role of the gene. 
In an experimental setting, testing the heat response of sea grasses from northern and southern 
populations in tanks with controlled environmental conditions, we investigate key features of 
their temperature adpatation and compare the short term intra-species difference in the systemic 
stress response to inter-species differences by using transcriptomics analyses based on ESTs and 
454 sequencing. 
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Functionnal Analysis of Salt Stress Metabolome in Thellungiella Halophila, the 
Arabidopsis Extremophile Relative 
 
Lugan R., Niogret M.F., Leport L., Guégan J.P., Larher F.R., Savouré A., Kopka J., 
Bouchereau A. 
 
The past few years have seen the rise of Thellungiella halophila as the Arabidopsis thaliana 
relative model system in the field of abiotic stress tolerance studies 
(http://www.thellungiella.org/). This Brassicaceae grows naturally in harsh environments and is 
very tolerant to cold and high salinity, while its genetic background, morphology and 
development are quite similar to that of Arabidopsis, a typical glycophyte, thus bringing the 
opportunity for comparative functionnal genomic strategies. Several studies took advantages of 
genetic resemblance to explore Thellungiella transcriptome under different stress challenges.  
As a matter of fact, metabolic pools participate in many ways in cell functionning under normal 
or stressing conditions e.g. by feeding structural growth, regulating energy supply, equilibrating 
redox and osmotic status, protecting macromolecules or activating targets in signalling 
pathways. Assuming variations in metabolite levels broadly participate to stress tolerance 
processes, comparing metabolome of the two species provides an opportunity to decipher the 
relative adaptation value of metabolite profiles. The present study focuses on the functionnal 
analysis of Arabidopsis and Thellungiella shoot primary metabolome, by the mean of 1H-NMR, 
GC-MS metabolomics and quantitative metabolic profiling. Metabolic phenotypes were 
described under control and various salt treatments and subsequently correlated to growth rates 
and stress intensity for identification of salt stress metabolic markers possibly involved in 
greater tolerance or sensitivity. The metabolic acclimation was also evaluated in a quantitative 
perspective from calculation of organic and mineral solutes contribution to osmotic adjustment. 
Finally, we propose a virtual biophysical characterization of metabolome impacting global cell 
homeostasis. 
 
 
Mapping Plant Stress Tolerance 
 
Humphreys M., Turner L., Yadav R., King J., Skøt L. 
 
Complex traits such as drought resistance and winter hardiness are determined through the 
interactions of many genes of varying importance. Crop improvement programmes aimed at 
increased resilience to abiotic stresses rely on the maintenance and expression of their key 
allelic components. To ensure this and to achieve a predictable phenotype, crop development 
has relied largely on generating homogeneous genotypes. However, these emanate from a 
narrow genetic base and this has excluded them from much of the evolving adaptation to stress 
conditions found in wild relatives often found growing in marginal conditions where abiotic 
stresses are encountered frequently.  
The world’s grasslands are widespread containing outbreeding and highly heterogeneous 
species providing a vast resource of novel allelic variations and adaptations that may confer an 
improved resilience on a domesticated monocot crop species. Crop evolution amongst the 
monocots has preserved orthologous gene loci on largely conserved syntenic chromosome 
locations, thereby enabling knowledge of gene location, sequence and discovery to be 
exchanged across species. The fully sequenced genomes of rice and other model species have 
provided a window into the genomes of less well understood crop species enabling the 
prediction for the location of variant alleles of known function, but unknown effect. Different 
molecular mapping strategies are employed to access these novel variant genes and to test their 
efficacy and potential for use amongst diverse crop species each sharing a common ancestor. 

http://www.thellungiella.org/)
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Transgenerational Effects of Stress in Plants: how Stable are they? 
 
Mladek C., Popova O., Perlinger M., Kiok K., Aufsatz W.,  Jonak C.,  Luschnig C., Hauser 
M.T. 
 
All life forms and in particular plants need to sense and adapt to heterogeneous environments 
for survival and have developed sophisticated responses by changing their cellular physiology, 
gene regulation and genome stability (1). Support is accumulating that adverse environmental 
conditions can influence subsequent generations in a heritable manner. Recently, work by 
Molinier et al., (2006) showed that UV-C radiation and the bacterial elicitor flagellin increased 
the rate of somatic homologues recombination. This hyper-recombination property persisted up 
to four generations that have been propagated without further stress exposure. The authors 
suggested that stress-induced epigenetic control mechanisms are involved. These potential 
epigenetic mechanisms were substantiated further by Boyko et al. (2007) who showed that 
infection of plants with tobacco mosaic virus resulted in an elevation of somatic and meiotic 
recombination rates in non-infected progeny, along with global genome-wide hypermethylation 
and profound locus-specific hypomethylation at resistance gene loci.  
Our project aims to determine how abiotic stressors affect epigenetically regulated loci by using 
the transcriptionally silenced TS-GUS (L5) reporter line (4,5). We present evidence that the 
epigenetic control of this locus is immediately relaxed under specific abiotic stress conditions. 
Furthermore we will show results of the transmission of this epigenetic effect to non-stressed 
progeny generations.  
 
This project was supported by the GENome Research in AUstria (GEN-AU) project GZ 200.140/1-VI/12006 

 
 

Image Based High Throughput Phenotyping for the Quantification of Plant Responses to 
Precision-Managed Abiotic Stressors Such as Salinity, Drought, Heat Irradiation and 
Nutrient Deficiency 
 
Eberius M., Vandenhirtz D., Vandenhirtz J., Schunk R., Radermacher M., Lasinger H., 
Bongers U., Luigs H.G. 
 
For the biologically significant assessment of dynamic plant response to abiotic stressors and its 
correlation to the genetic background and physiological dimensions of the plants, it is of utmost 
importance to use fast, comprehensive and non-destructive measurement systems and manage 
the abiotic stressors in certain quantities with high precision. 
For this purpose, LemnaTec has developed image acquisition and analysis systems which 
provide non-destructive measurements in visual light (e. g. for plant morphology, leaf 
movement, leaf colour), NIR (near infrared, e. g. for water content), fluorescence and IR 
(thermal imaging). Conveyor belts transport the plants swiftly and efficiently to imaging boxes, 
thus ensuring controlled measurements within time ranges short enough to quantify dynamic 
responses. Additionally, these systems randomise plants in the greenhouse or growth chamber to 
maximise similarity of growth conditions influenced by light, heat, humidity and velocity. 
Automated watering and weighing stations keep both soil/stone-wool-plug moisture and salt 
content as constant as possible at varying soil humidity levels by repeated intelligent watering 
(through measuring plant water usage) and also impose defined stress ramps, e. g. by reducing 
humidity or raising salinity within a certain time frame.  
Using non-destructive, highly automated and controlled phenotyping systems opens up new 
horizons for basic research and accelerated breeding. 
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Genome-Wide Analysis of Transcriptional Changes in Response to Drought Stress in 
Growing Leaves of Rice 
 
Hariharan S., Beemster G.T.S., Inzé D. 
 
Drought is one of the primary constraints of crop productivity. Improving the efficiency of 
water usage for growth under conditions of sub-optimal water supplies would have a profound 
impact on world food supplies. The aim of this work is to understand how drought affects the 
growth of plants, in particular rice as a model system for cereals. Through a kinematic analysis 
of Oryza sativa ssp. japonica grown under control and drought conditions, we show that a 50% 
reduction in leaf-elongation rate occurs due to a 15% reduction in mature cell size and, more 
importantly, a 40% reduction of cell production rate, which in turn is caused by a 35% smaller 
meristem and 23% slower rates of cell division. Flow-cytometry showed that the inhibition of 
the cell cycle occurs predominantly at the G1/S transition. We therefore determined the kinase 
activity associated with the CDKAs, which was strongly reduced in response to drought rather 
than its protein level. By means of genome-wide microarray analysis we further deciphered the 
transcriptional changes occurring in the meristem and mature regions of the drought leaves in 
comparison to the well watered control. These data provide a first detailed insight of molecular 
regulation of the growth response to drought conditions in rice leaves, providing a basis to 
develop strategies to enhance drought tolerance and yield of this important crop species. 
 
 
Analysis of Barley Genotypes with Contrasting Response Towards Salinity Using 
Complementary Molecular and Biochemical Approaches 
 
Witzel K., Hensel G., Kumlehn J., Hajirezaei M., Twan Rutten, Melzer M., Börner A., 
Mock H.-P., Kunze G. 
 
Salinity is one of the most severe abiotic stress factors, and there is a high interest in unraveling 
mechanisms leading to salt tolerance and improvement of crop plant performance on saline 
soils. Among the cereals, barley is considered to be notably salt-tolerant, and available 
accessions cover a wide range of responses towards salinity. Therefore, the analysis of mapping 
populations representing a huge natural genetic diversity is an appropriate tool to study line-
specific stress responses. Here we report on the analysis of contrasting accessions from the 
Steptoe-Morex mapping population with molecular, biochemical and structural methods to 
obtain a full picture of salt stress response mechanisms. This experimental platform includes 
proteome analysis of root tissue, followed by MS-based identification of proteins that show 
differential expression between genotypes or upon salt treatment. A comparative profiling of 
primary metabolism compound (carbohydrates, amino acids and compatible solutes) is 
performed using HPLC and GC-MS instrumentation. Furthermore, the analysis of morphology 
and ultrastructure is investigated in order to assess the effect of salt treatment on cell structure. 
In order to isolate genes conferring salt tolerance, a heterologous gene expression system is 
utilized, where a cDNA library was constructed from root tissue of a salt-adapted tolerant barley 
line and transferred into salt sensitive yeast strains. Transformants with an enhanced tolerance 
towards salinity are isolated and the barley cDNA analyzed. For functional testing of candidates 
revealed by proteome and transcriptome approaches, stable over-expression experiments in 
barley are performed. By employing this integrative approach we want to identify mechanisms 
augmenting salt tolerance in barley.  



 36

Drought and Salt Tolerance Conferred by Overexpression of SR-like Splicing Factors 
 
Bourgon L., Amorós B., Naranjo M.A., Vicente O. 
 
Two Arabidopsis thaliana cDNAs (SRL1 and RCY1), encoding splicing factors of the SR-like 
family, were isolated on the basis of the tolerance to LiCl conferred by their expression in yeast. 
Overexpression of these proteins in transgenic Arabidopsis plants resulted in a marked increase 
in their tolerance to water and salt (LiCl or NaCl) stresses. These phenotypes were 
quantitatively assessed by determining several growth and developmental parameters, such as 
fresh and dry weight, number of rosette leaves, length of the reproductive stem or number of 
flowers.  
RT-PCR was used to analyse the in vivo splicing of specific introns in LiCl-treated plants. 
Processing of a constitutively and efficiently spliced intron, that of the actin gene ACT2, was not 
affected by salt under our assay conditions. However, processing of two introns subjected to 
alternative splicing (from the Arabidopsis U1-70K and SR1 genes, respectively), was inhibited 
by lithium in a time-dependent manner; in both cases, salt stress affected processing of the 
minor splicing variants, those normally produced with lower efficiency. The inhibitory effect of 
LiCl was not detected in transgenic plants expressing SRL1. 
These results suggest that draught and salt stress inhibit pre-mRNA processing, affecting 
specifically (or preferentially) splicing variants produced with relatively lower efficiency. 
Overexpression of SR-like splicing factors blocks this inhibition and confers stress tolerance, 
opening the possibility to use these splicing proteins as novel biotechnological tools for the 
improvement of stress tolerance in crop plants. 
 
 
 
Biotechnology for Stress Tolerance 
 
Metzlaff M. 
 
The challenge of tomorrow’s agriculture will be to secure the supply of food, feed and 
alternative energy feedstock in a background of steadily growing world population, competition 
for arable land, water scarcity and climate change. In many of our major crops the attainable 
yield has already reached a plateau for many years. Thus, there is an urgent need for combining 
all available tools to enhance speed and efficiency of plant breeding. An overview will be given 
on the status of available technologies and future perspectives.   
High crop productivity depends not only on the genetic constitution of crop varieties but also 
very much on the resulting physiological fitness and vigor of the individual plant. The recent 
introduction of systems biology approaches into plant sciences has largely improved our 
understanding of basic physiological processes, their underlying gene networks and possible 
epigenetic modifications of gene expression. It will be demonstrated for several traits that these 
insights have opened new routes for the improvement of plant performance with a major focus 
on yield increase and enhancement of biotic and abiotic stress tolerance. 
Plant breeding is based on selection of specific phenotypes by combining different genotypes. 
Fast and cost-efficient procedures still have to be developed for carrying out plant phenotyping 
in greenhouses and in the field permitting non-destructive screens in different environmental 
conditions and at different stages of development. This will only be achieved if stable 
multidisciplinary collaborations can be established between biology, agronomy, physics and 
engineering.     
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The use of Chlorophyll Fluorescence Technique to Detect the Effects of Different Abiotic 
Stresses on Plants  
 
Kalaji H.M. 
 
Chlorophyll fluorescence is one of the useful methods which allow to predict stress effects on 
plant growth and many physiological processes, especially photosynthetic apparatus 
performance under fluctuated environmental conditions. The chlorophyll fluorescence signals 
are measured by computerized portable Fluorimeters in non-destructive manner and in a very 
short time. Thereafter, these signals could be analyzed by the application of quantitative 
analysis of the obtained fluorescence transient curves (JIP-test). This test analyzes the stepwise 
flow of light energy within photosystem II (PSII) at the levels of reaction centre (RC)  and the 
cross section (CS) of  any photosynthesized sample. It describes the fate of the absorbed energy 
by antenna pigments (ABS), its trapping by the reaction centre (TR), the lose of absorbed 
energy as heat dissipation (HD) and the electron transport rate (ETR). This work deals with 
some examples related to the use of JIP-test as a vital tool to monitor PSII reactions under 
different abiotic stresses. 
 
 
 
 
Cellular Growth Responses of Maize Leaves to Cold and Drought Are Different and 
Associated with Specific Transcriptional and Metabolic Changes 
 
Baute J., Rymen B., Nelissen H., Fiorani F., Morreel K., Wouters H., Vuylsteke M., Inzé 
D., Beemster G. 
 
Limiting environmental conditions, such as low temperature and limiting water availability lead 
to growth retardation and reduced maize yield. To study the effects of these environmental 
factors, we quantified leaf growth of maize seedlings at low night temperature (4°C) and at 
limited water supply (soil water potential of approximately -1 MPa). Both treatments resulted in 
a significant 25% reduction of the steady-state leaf elongation rates, but kinematic analysis 
revealed a different cellular response. Both treatments inhibited meristem activity, but in a 
different manner: low temperature reduced the production of meristematic cells by the cell cycle 
duration, while drought stress reduced the size of the meristem. In addition, cell expansion was 
affected by drought leading to reduced mature cell size, while low temperature had no effect on 
this parameter. These results show that these stresses induce a similar macroscopic phenotype 
through contrasting effects on cell division and cell expansion. 
To investigate this complex interplay between cell division and expansion at a molecular level, 
we profiled the transcripts of dividing, elongating and mature cells of stressed and non-stressed 
leaves by micro-array experiments. Moreover, we complemented the transcript profiles with the 
quantification of approximately 150 metabolites by GC-MS analysis. This allowed us to identify 
both transcripts and metabolites with profiles that are associated with the cellular growth 
responses to the environmental conditions tested. These results revealed new insights in the 
molecular, cellular and physiological responses to these agronomically important stress 
conditions. 
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Synthesis of the Compatible Solute Glucosylglycerol in Arabidopsis thaliana by Expression 
of Microbial Genes Results in Improved Salt Tolerance 
 
Klähn S., Marquardt D.M.,  Rollwitz I., Hagemann M. 
 
Many organisms accumulate compatible solutes under salt or desiccation stress. Moderate 
halotolerant cyanobacteria and a few heterotrophic bacteria use the heteroside glucosylglycerol 
(GG) as protective compound. In order to analyze the efficiency of GG for the improvement of 
salt tolerance in sensitive organisms, we transformed the model plant Arabidopsis thaliana with 
the ggpPS gene coding for a combined GG-phosphate-synthase/phosphatase derived from the γ-
proteobacterium Azotobacter vinelandii. The expression of the ggpPS genes led to the 
accumulation of high GG amounts. Three independent Arabidopsis lines showing different GG 
levels were characterized in physiological experiments. Lower GG levels (1-8 µmol/g FM) did 
not influence plant growth at control conditions but mediated increased salt tolerance, whereas 
plants accumulating the highest GG amounts of up to 17 µmol/g FM in leaves showed growth 
retardation and no increase in salt resistance. These results indicate that the introduction of new 
compatible solutes like GG may have a beneficial effect on plant stress tolerance as long as they 
are accumulated to an extend that does not negatively interfere with plant metabolism. 
 
 
Towards Understanding How Plants Sense Abiotic Stresses? 
 
Pareek A., Kumari S., Panjabi-Sabharwal V., Karan R., Kushwaha H.R., Kumar G., 
Singla-Pareek S.L. 
 
Background: To adapt to various environmental abuses, plants use various signaling strategies 
which help the plant in recognizing and responding to these stresses. The first step towards 
switching ‘on’ of such molecular events is to perceive and relay the information through 
complex signal transduction pathways, a complete understanding of which is yet to be achieved 
in plants. 
Methods: We have been using genetic, genomic, biochemical and biological techniques to 
identify novel salinity responsive genes followed by their validation using transgenic approach 
and RNAi knock outs. Oryza sativa L cv IR64 and its wild relative - Pokkali have been the 
primary system for transcriptome studies using RNA gel blots, reverse Northerns and 
microarrays using AFFY chips.  
Results: Our work related to genome wide analysis has indicated the conservation of 
architecture of two-component system (TCS) machinery within Arabidopsis and rice. Further, 
we have carried out cDNA subtractive assays to pick up cDNAs which are induced in rice plants 
within few minutes of salinity stress. One of such clone is a hybrid type histidine kinase 
(OsHk3) which is able to functionally complement the yeast osmosensitive mutation. We have 
now generated rice plants which are either overexpressing this putative ‘osmosensor’ or have 
knocked it out by RNAi technology. Physiological and genome level molecular investigations 
using microarrays have given us insight into how plants might be sensing the salinity stress. We 
hope that this information may help is raising plants with improved tolerance towards stresses. 
Conclusion: Putative osmosensor has been isolated from rice which, when over expressed, 
improves salinity tolerance in plants 
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CLF PlantClimatics GmbH  

 

CLF PlantClimatics is the European market leader in supplying 

plant growth chambers. As the exclusive partner of Percival 

Inc. in Europe we offer a broad spectrum of chambers from a 

compact LED chamber to large area multi-purpose Plant 

Growth Chambers. 

 

We take care to listen and understand what you need before offering advice on which 

chamber could be most suitable for your research work. All the chambers we supply are 

installed, tested and commissioned on site by our own fully trained technicians - all you 

need to do is open the door of the chamber and put your plants in.  A comprehensive two 

year warranty supported by a 72 hour after-sales service throughout Europe provides the 

security of years of trouble-free operation. 

 

Our product range: 

Reach in Plant Growth Chambers 
Walk in rooms 
Arabisopsis Growth Chambers 
Plant Tissue Culture Chambers 
High light intensity Plant Growth Chambers 
Low temperature Plant Growth Chambers 
 
floraLED 
Narrow-band LED for plant research applications in blue,  
white, green, yellow, red and far red 
High-intensity LED in white, red and blue 
 
CLF GroBanks 
for the customised configuration of new and existing air-conditioned rooms 
 

We are always happy to supply you with further information:   

info@plantclimatics.de; +49 8293 1361; www.plantclimatics.de 

http://www.percivalscientific.com/
http://www.percivalscientific.com/
http://www.clf-lab.com/products.htm
http://www.clf-lab.com/led.htm
http://www.clf-lab.com/reachinplantgrowth.htm
http://www.clf-lab.com/reachinplantgrowth.htm
http://www.clf-lab.com/services.htm
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SESSION I Plant Response to Cold and Heat Stresses 
 

N 1.  The Possibilities of the Use of Dehydrins as Markers of Frost Tolerance in Barley 
(Hordeum vulgare) and Wheat (Triticum aestivum) 
 
Kosová K., Vítámvás P., Prášilová P., Prášil I.T. 
 
Frost tolerance (FT) is a complex trait determined by various genes. Certain dehydrins from 
LEA protein family accumulate in plants under cold acclimation (CA). We have studied 
accumulation of WCS120 proteins in wheat and DHN5 protein in barley under CA, and tried to 
find some relationships between their accumulation and plant FT determined either in controlled 
conditions by direct frost tests or in field conditions by provocation pot method. We used 1D 
SDS-PAGE, immunoblots and densitometric analysis for dehydrin quantification. In barley, we 
found a correlation between DHN5 accumulation and acquired FT in 21 cultivars of different 
genetic background after a 3-week CA. When we worked with doubled-haploid (DH) lines 
derived from a spring cultivar and a moderately tolerant winter cultivar, we obtained a 
correlation between DHN5 accumulation and FT later when the spring lines were already in 
reproductive stage, thus the differences between the growth habits became more apparent. We 
have also studied WCS120 accumulation in 21 winter wheat cultivars differing in FT when 
grown under different temperatures. (25, 17, 9 and 4 °C). There was a good correlation between 
FT and WCS120 accumulation in plants grown under 9 or 4 °C. Moreover, the cultivars differed 
in WCS120 content at 17 °C, a temperature at which they cannot be distinguished via a frost 
test. It can be concluded that dehydrins seem to present valuable markers of FT in Triticeae and 
could be utilized in selection of tolerant cultivars not only at low, but also at high temperatures. 
 
N 2.  Quantitative Analysis of Proteome Extracted from Cold Acclimated Wheat 
Substitution Lines 
 
Vítámvás P., Prášil I.T., Pánková K., Milec Z., Planchon S., Renaut J. 
 
Reciprocal wheat substitution lines for homoeologous group 5 chromosomes, 5A and 5B, 
between two winter wheat cultivars Mironovskaya 808 (Mir) and Bezostaya 1 (Bez) were used 
to study quantitative changes in crown proteome during long-term cold acclimation (0, 3, 21, 69 
days at 6 ºC) by 2D-DIGE (two-dimensional difference gel electrophoresis). Dry tissue powder 
prepared from crowns by 10 % TCA was used for phenol/SDS protein extraction. Protein 
extracts were labelled prior to electrophoresis with CyDyes (GE Healthcare). Results were 
analysed using the DeCyder software (GE Healthcare). Spots of interest (306 differentially 
expressed polypeptides) were analyzed by MALDI-TOF/TOF and identified by searching 
against protein databases using a MASCOT server. 201 spots of interest were identified. A lot 
of identified proteins belong to known stress-associated proteins as HSPs, ascorbate peroxidase 
and enolase. Using PCA analysis, it was found out that the 3 week- and 12 week-cold 
acclimated plants of Mir, Mir/B5B and Bez/M5B form one group and 3 week- and 12 week-
cold-acclimated Bez, Mir/B5A and Bez/M5A formed the other group of lines. The differences 
in proteome of plants after 3 and 12 weeks of cold acclimation indicate an influence of 
genotype-depended feature on protein pattern in the long-term cold-acclimated plants. Proteins 
which exhibit differences in accumulation could be good candidates for markers of frost 
tolerance. Our results showed that 2D-DIGE could distinguish slightly different frost tolerant 
genotypes by precise quantitative analysis of their proteome and therefore this method presents 
a good tool for identification of biomarkers of stress tolerance.  
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N 3.  Improvement of Cold Tolerance (Cicer arietinum L.) in Chickpea by Mutagenesis  
 
Toker C., Inci N.E., Ceylan F.O. 
 
Background: In the Mediterranean countries, chickpea (Cicer arietinum L.) is traditionally 
sown at the end of spring rains to avoid from ascochyta blight [Ascochyta rabiei (Pass.) Labr.] 
(AB), devastating disease. The crop is subjected to drought and heat stress when it is sown in 
spring and vegetative and generative periods are shortened by drought and heat stress. However, 
yield of chickpea is doubled in the autumn-sown crop with cold tolerant (CT) and AB resistant 
cultivars, as it could use winter rainfalls. The present study was aimed at selecting CT and AB 
resistant mutant lines to plant in the winter at the highland of Anatolia. 
Methods: CA 2969, resistant to AB, was irradiated with 200, 300 and 400 Gy of gamma rays 
from a 60Co source. M1 plants were grown at Antalya and harvested individually in 2004-05. M2 
generation was raised in separate rows at Antalya in 2005-06. Putative mutants were confirmed 
M3 generation in 2006-07. CA 2969, ILC 8617, released for resistance to AB and CT, and the 
mutated materials were sown in autumn at the highland of Anatolia and screened for resistance 
to AB and CT for two years from 2006 to 2008.  
Results: Some mutant lines were selected for resistance to AB and CT via negative selection. 
The mutants performed better than the parent and similar to ILC 8617 for CT.  
Conclusions: The results clearly suggested that mutation techniques could be effectively used to 
develop of cold tolerant chickpeas. Negative selection was used efficiently in the study. 
 
 
 
N 4.  Regulation of Rice OsHsp100-CYT 
 
Singh A., Grover A. 
 
In rice, OsHsp100-CYT gene is induced by high temperature. Two kb fragment upstream of 
translation start site of OsHsp100-CYT gene was able to drive the expression of GUS transcript 
in a heat shock-inducible manner. Primer extension analysis revealed that OsHsp100-CYT has a 
136 nucleotides long 5’ UTR. It appears that the removal of this UTR from the reporter gene 
renders the mRNA incapable of association with the polyribosomes and hence was not 
translated. This 5’ UTR contains a translational enhancer LM1 (leader motif 1) which has also 
been found in genes like fedA and psaDb. The deletion of this enhancer has been noted to cause 
reduction in expression levels of the protein. 5’UTR fragment was seen to form a typical 
secondary structure assigned to UTRs capable of providing internal ribosome entry. 5’UTR of 
OsHsp100-CYT was able to drive the translation of the second reporter gene in a bicistronic 
construct when tested in a mammalian cell line. 5’UTR of OsHsp100-CYT was also noted to 
show similarity/complementarity to rice 18S rRNA at specific regions towards the start codon. 
Deletion/modification of these regions in the UTR will give more insight into their importance 
during translation under heat shock. IRES of OsHsp100-CYT gene may be useful for 
constructing vectors which can express two genes at a time as a bicistronic module. 
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N 5.  Is Leaf Heat Stress Tolerance Related with Regeneration Strategies in 
Mediterranean Plants? A Test Using Maximum Photochemical Efficiency 
 
Luis V.C., Llorca M., Pausas J., Vilagrosa A. 
 
The main climatic feature that defines Mediterranean ecosystems is a great annual seasonality 
marked by a period of low water availability and high temperatures that can be very harmful to 
plants. Global warming predictions postulate an important temperature increase for the next 
century in the Mediterranean basin. Under this scenario, a high plant thermotolerance will be an 
advantage to overcome stress conditions. In order to survive and persist after fires, 
Mediterranean species have developed various persistence strategies such as the capacity to 
either resprout (R+) or germinate (R-; non-resprouters). Such strategies also have implications 
on the morphological and physiological characteristics of the species. In this framework, the 
aim of this study was to determine whether regeneration strategy is linked to high temperature 
thermotolerance, and whether it could be modified by nursery treatments. We grown R+ and R- 
Mediterranean species, under two irrigation rates and two fertilization levels. To analyze 
thermotolerance, detached leaves were subjected to high temperatures (30-55ºC) during 
30’.Thermotolerance was evaluated by means of maximum photochemical efficiency of PSII 
(Fv/Fm) using the values of incipient damage (Lt10), irreversible damage (Lt50) and total damage 
(Lt100). Lt10, Lt50 and Lt100 showed significant differences (p<0.001) between strategies (R+ and 
R-). The applied nursery treatments only had influence in the Lt10, that was slightly improved in 
plants with less irrigation and more fertilized. Lt10, Lt50 and Lt100 values varied between species, 
however, they were clearly grouped according to regenerative strategy and were not related 
neither leaf thickness nor specific leaf weigh. Results are discussed in terms of species-
specialization to Mediterranean climate, high temperatures and summer drought.  
 
 
 
N 6.  The Role of Vernalization Gene Vrn1 in the Manifestation of Frost Tolerance in 
Wheat 
 
Galiba G., Vágújfalvi A., Li C., Soltész A., Vashegyi I., Cattivelli L., Dubcovsky J. 
 
Beside Arabidopsis, cereals, especially wheat and barley, became model plants to study frost 
tolerance at molecular level. The recent results on mapping QTLs for frost tolerance and the 
discovery of CBF transcription factors as key players in the regulation of low temperature 
tolerance have opened a new direction to the subject. Here we will show that the degree of frost 
tolerance is highly dependent on the early induction of the transcription of CBF genes clustered 
at the FR2 frost tolerance locus in cereals. The precise control of flowering is the central 
strategy of the over-wintering success. Plants can reach the frost hardy stage only in vegetative 
phase and here we show that the FR2 locus is the main player in genetically determining the 
level of frost tolerance, at least in the induction phase. The VRN1 gene is the key player to 
ensure winter hardy plants staying in vegetative phase during the winter season. We present a 
hypothetical model describing how VRN1, the main vernalization gene, can affect frost 
hardiness, through down-regulating directly or by a pleiotropic manner, the expression of cold 
inducible genes, involving the CBF-regulon.  
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N 7.  Freezing Damage to Wheat during Ear Emergence 
 
Fuller M.P., El-Sarkassy N.M. 
 
In many hot climatic regions wheat is grown in the cooler winter months and cropping patterns 
expose the crop during ear development and ear emergence to the risk of exposure to episodic 
radiation frosts.  Damage from these frosts can be very extensive and in some regions in eastern 
Australia has severely limited the ability to grow the crop with losses estimated at over A$100M 
per annum.  Despite many years of research work genetic solutions to this problem have yet to 
be shown to be successful.  We demonstrate in our work that whilst wheat has some inherent 
resistance to freezing even when non-acclimated, if temperatures fall below -6 oC and culms 
freeze, then extensive frost damage occurs.  With the use of infrared thermography during 
freezing experiments we demonstrate that culms on the same plant can either freeze or 
supercool and all supercooled culms escape frost damage.  Furthermore, damage to the ear can 
be dependent on its development stage at the point of freezing.  For the first time our 
experiments were able to reproduce field symptoms of partial frost damage to wheat spikes and 
this is dependent on development stage.  Infrared thermography showed that barriers to ice 
spread from floret to floret exist. 
The implication of this work is to challenge the conventional wisdom that a genetic solution 
involving enhanced frost resistance of wheat during ear emergence is not possible and that an 
alternative approach is needed which investigates the physics and physiology of supercooling in 
the crop at ear emergence. 
 
 
 
N 8.  Novel Insights into the Transcriptional Regulation of OsDREB1B in Rice 
 
Figueiredo D., Barros P., Oliveira M., Saibo N. 
 
Plants have evolved several mechanisms in order to withstand harmful environmental 
conditions, which are major constraints for plant development and productivity. Many abiotic 
stress responses involve changes in gene expression, which are regulated by several 
transcription factors (TFs). Among previously identified stress-responsive TFs, the Arabidopsis 
CBF/DREB1 family is known to play a prominent role in the tolerance to abiotic stress. In spite 
of this, understanding on how these TFs are regulated is still lacking, since not much is known 
about the control of their expression. In this work we focus our efforts on the rice gene 
OsDREB1B, chosen due to its high and specific induction by cold, and we aim to identify and 
characterize novel TFs that regulate its expression. 
In order to identify TFs that bind to the OsDREB1B promoter, the Yeast One-Hybrid system 
using a rice cold-induced cDNA expression library has been used. Eight novel transcription 
factors were identified as interacting with this promoter and their expression pattern has been 
determined under several abiotic stresses. The most interesting genes based on stress 
responsiveness and putative functions have been selected for further characterization. We are 
now focusing on the biochemical and molecular analysis of these genes and on their functional 
characterization in Arabidopsis.  
With this work we aim to provide new insights into the genetic control of stress responses in 
plants by identifying and characterizing new components of the stress-signaling pathways. 
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N 9. Nitric Oxide Participates to the Response of Arabidopsis thaliana to Low 
Temperatures 
 
Baudouin E., Cantrel C., Dutilleul C., Rezé N., Zachowski A., Guillas I.  
 
Nitric oxide (NO) is a second messenger participating to signalling networks associated to plant 
development and plant response to stresses. In this study, we investigated the possible 
involvement of NO in the response of Arabidopsis thaliana to low temperatures. Using a 
specific fluorescent probe, we evidenced that NO is rapidly produced upon cold stress. NO 
accumulation could be impaired by pre-treatment with the NO scavenger cPTIO. Moreover, 
cPTIO treatment also impaired the activation of several cold-induced marker genes, including 
zat10, zat15 and cor15a. On the other hand, the expression of CBF genes, the major 
transcription factors operating during cold stress response, was not affected by cPTIO. On the 
basis of these results, we investigated the possible cross-talks between NO and other signalling 
elements involved in cold stress response with a special focus on lipid signalling. By in vivo 
radiolabelling of phospholipids followed by TLC analysis, we evidenced that the cold stress 
activation of phosphatidic acid production by PLC and PLD pathways does not require NO 
production. On the other hand, the phosphorylation of two sphingolipidic species which rapidly 
occurs upon cold exposure was strongly modified when NO concentration was manipulated 
with pharmacological compounds. Indeed, cPTIO stimulated both long-chain base and ceramide 
phosphorylation in a dose-dependent manner, whereas the NO donor GSNO strongly decreased 
sphingolipid phosphorylation. Taken together, these data suggest the involvement of NO in 
regulating specific responses of Arabidopsis thaliana to low temperatures.    
 
 
 
N 10.  Frost Survival of Needles and Buds of Picea abies (L.) Karst. under Field Conditions 
 
Buchner O., Zimmermann S., Hacker J., Neuner G. 
 
Needles of freezing tolerant Picea abies are known to survive winter frost by tolerating 
extracellular ice formation, while in buds lethal intracellular freezing is avoided by (1) 
extraorgan freezing and (2) deep supercooling of the apical meristem. However, until know long 
term monitoring of recuperation after frost damage on detached plant parts was limited or even 
impossible. Additionally, results may differ from findings on intact plants. Hence, a 
reassessment of frost survival mechanisms under field conditions using novel measurement 
methods is urgently required and was expected to enhance our knowledge about frost survival of 
coniferous trees.   
We used a novel Low Temperature Freezing System (LTFS) for controlled in situ frost 
treatments down to -70° and Infrared Differential Thermal Analyses (IDTA) to study freezing 
mechanisms and the in situ development of frost injuries on winter hardy Picea abies. Under 
field conditions full development of frost injury on needles of P. abies took several weeks. Frost 
injured buds showed only defective and incomplete development and an extremely delayed bud 
break. Formation of translocated ice masses within the cavity beneath the shoot apex was 
visualised. For the first time lethal intracellular freezing of bud tissue was investigated by 
IDTA. Our results clearly demonstrate the significance of frost tests conducted in situ and 
emphasise the necessity to reassess frost survival mechanisms under field conditions employing 
novel measurement methods and devices such as IDTA and the LTFS.  
 
This work was funded by the Austrian Science Fund FWF-project P17992-B06. 
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N 11.  Photoinhibitory and Light-Independent Violaxanthin Deepoxidation and Down-
Regulation of Photosystem II in Evergreen, Winter-Acclimated European Quercus Taxa 
 
Brüggemann W., Bergmann M., Nierbauer K.-U., Pflug E., Schmidt C., Weber D. 
 
The evergreen Mediterranean Quercus taxa Q. ilex ssp. ilex and Q. suber and their hybrids to 
deciduous species, i.e. Q. x turneri and Q. x hispanica were studied concerning their 
photosynthetic electron transport efficiency and the activity of the xanthophyll cycle under 
Central European winter conditions. The parental evergreen taxa were remarkably insensitive to 
winter stress in the field and reacted towards frost periods with the phenomenon of “chronic 
photoinhibition”, i.e. a decrease of pre-dawn Fv/Fm and an increase of the deepoxidation state 
of the xanthophylls, similar to their reported behaviour in locally hard winter conditions in the 
Mediterranean. They inherited their behaviour and their winter tolerance largely to the named 
hybrids with the deciduous species. However, in very hard winters Q. x turneri lost up to 60% 
of its foliage, after initial symptoms of light/frost damage. During dehardening in spring, the 
susceptibility of overwintered leaves towards frost photoinhibition increased again. 
Surprisingly, winter-acclimated leaves of all evergreen taxa except Q. x turneri, produced zea- 
and antheraxanthin and decreased their Fv/Fm under dark / warm conditions, possibly by 
creation of a chlororespiratory pH gradient. This ability was also lost during the dehardening 
process in spring. It is concluded that the evergreen taxa may be suited as forest trees under 
future Central European climate scenarios due to their winter hardiness, with Q. x hispanica 
possibly being the most interesting taxon for forestry purposes and Q. x turneri apparently being 
the most sensitive one to hard Central European winter conditions. 
 
 
 
N 12.  Identification of New Transcription Factors that Regulate Rice Oscbf3 under 
Abiotic Stresses 
 
Chander S., Saibo N., Figueiredo D.D., Barros P., Oliveira M.M. 
 
Cold stress is one of the most important abiotic stresses reducing crop productivity. Low 
temperature severely affects the grain yield and quality of rice, especially in mountainous 
regions of the tropics, but also in temperate regions. In the present investigation, we analyzed 
the expression of rice CBF3 (Oryza sativa CBF3), which in several plants is a key gene 
involved in abiotic stress response, especially low temperature response. By using the Yeast-one 
Hybrid (Y1H) system and a cold induced rice cDNA expression library, we identified some 
putative transcription factors (TFs) that interact with OsCBF3. Presently, two putative TFs 
belonging to basic-leucine zipper (bZIP) and Zinc finger (C2H2-type) transcription factors 
families were already identified and confirmed by re-transformation. We are continuing the 
Y1H screening to identify new TFs binding to the OsCBF3 promoter. Additionally, we are also 
analyzing the expression patterns of these TFs in different tissues of rice subjected to various 
abiotic stresses such as cold, drought, salt and ABA, using semi-quantitative-PCR. The 
interaction between each TF and the promoter will be monitored in gel shift assays. These data 
will be presented and discussed.  
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N 13.  Thermoluminescence and Chlorophyll Fluorescence as Tools for Evaluation of the 
Heat Stress Response in Tobacco Plants 
 
Cervinkova H., Janda T., Vankova R. 
 
Background: As plant responses to stress substantially change in time, it is necessary to follow 
the dynamics of plant behaviour during the stress progression. Relatively fast, but reliable 
techniques are advantageous for evaluation of the acute physiological state of plants. 
Determination of photosynthetic characteristics by thermoluminescence and chlorophyll 
fluorescence has compared during the heat stress. 
Methods: Five-week old Nicotiana tabacum L. plants (wild-type and 4 transgenic lines over-
expressing cytokinin biosynthetic gene under control of inducible promoter) were incubated at 
elevated temperatures (36°C, 38.5°C, 40°C, 42.5°C and 45°C) for 0, 0.5, 2 and 6 h). 
Chlorophyll fluorescence was measured with FluorCam (PSI, Czech Republic) 
thermoluminescence by a home-made thermoluminometer. 
Results: Thermoluminescence curves revealed the strongest stress response after 2 h. Partial 
adaptation was observed after 6 h of heat stress. Evaluation of photosynthetic characteristics (F0, 
FM, Fv, NPQ) indicated that the positive effect of elevated cytokinin content is highest at 
42.5°C.  
Conclusion: Thermoluminescence and chlorophyll fluorescence proved to be suitable 
techniques for evaluation of the dynamics of plant heat stress response. Being relatively quick, 
they enable to predict relevant temperatures and incubation times before more time-consuming 
techniques (e.g. gene expression quantification, plant hormone analyses) are applied.  
 
 
 
N 14.  Using Chlorophyll Fluorescence Imaging to Develop a Screening Method for Cold 
Sensitivity in Industrial Chicory (Cichorium intybus L. partim) 
 
Devacht S., Lootens P., Roldán-Ruiz I., Baert J., Van Waes J., Van Bockstaele E. 
 
The aim of this study was to develop a screening method to test the cold sensitivity of industrial 
chicory plants. Plants of the synthetic cultivar, Hera, were evaluated using chlorophyll 
fluorescence imaging. Seeds of Hera were sown in multiwell plates and grown at either 4, 8 or 
16°C and 220 µmol quanta/m²s. The induction kinetics were measured at different combinations 
of light intensity (50, 100, 200, 400, 800 and 1200 µmol quanta/m²s) and measurement 
temperatures (2-16°C, at intervals of 2°C) as well as the subsequent relaxation. The parameters 
NPQf and NPQs (fast and slow non-photochemical quenching, respectively) were determined. 
Both light intensity and measurement temperature had a significant effect on NPQf and NPQs. 
NPQf and NPQs increased with increasing light intensity. NPQs increased and NPQf decreased 
as the measurement temperature was lowered. The effect of the measurement conditions on 
NPQs and NPQf became even clearer as growth temperature declined. 
To choose the ideal combination of growth temperature, measurement temperature and light 
intensity, the coefficient of variation (CV) of NPQs and NPQf was determined. A high CV 
indicates a better discriminating power of the measurement. The highest CV for NPQs was 
found at low light intensities, indicating that at high light levels, the applied stress was too 
severe to distinguish between tolerant and non-tolerant plants for cold sensitivity. 
The results revealed (i) the possibility to use relaxation kinetics as screening method, especially 
NPQs seems to be a valuable parameter and (ii) that screening at low light intensities enables a 
better discrimination of the plants with respect to cold sensitivity. 
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N 15.  Temperature Resistance of Vegetative and Reproductive Tissues of High-Andes 
Plants in Central Chile 
 
Hacker J., Ladinig U., Neuner G., Steinacher G., Cavieres L., Wagner J.  
 
Temperatures extremes are important threats not only for survival but also for reproduction of 
high mountain plants. Hardly any information exists about thermal resistance of reproductive 
tissues in contrast to vegetative organs. Frost and heat resistance of reproductive tissues (buds, 
flowers, fruits) in comparison to vegetative shoots were investigated during summer 2008 in 
eight common species of the High Andes east of Santiago de Chile, growing at altitudes 
between 2800 and 3600 m a.s.l.. Microclimate measurements in 2007 showed temperature 
extremes between -6.2°C up to 51°C in prostrate plants indicating a high demand for 
temperature resistance. Freezing and heating of the plant samples were conducted in 
temperature controlled chambers (exposure temperatures: -2 to -15°C, 44 to 54°C). The heat 
resistance LT50 (50% damage) of reproductive organs ranged between 47.8°C in Chuquiraga 
oppositifolia and 51.7°C in Cerastium arvense and was up to 2 K lower than in vegetative 
tissues for all species except for Adesmia sp. In contrast, frost resistance was highly variable in 
the investigated plants. The most sensitive species was Oxalis squamata (LT50 vegetative -6.6°C, 
LT50 reproductive -5.2°C), whereas the related Oxalis compacta showed a similar vegetative, but a 
pronounced higher reproductive resistance (LT50 < -15.2°C).  In C. arvense, vegetative as well 
as reproductive tissues survived freezing treatments down to -12.4°C. Generally, frost and heat 
resistance is lower in reproductive than in vegetative tissues and temperature resistance of the 
reproductive processes may influence the distribution of plants in the High Andes.  
 
This work was funded by the Austrian Science Fund (FWF-project P20010). 
 
 
N 16.  Winter Desiccation Damage and Xylem Embolism in Picea abies at the Alpine 
Timberline 
 
Schmid P., Mayr S. 
 
At the alpine timberline, excessive xylem embolism can occur in the water transport system of 
conifer species in winter. Also, desiccation damage of the needles is often observed. Both 
phenomena are influenced by frost-drought which is caused by a steep water vapour gradient 
between leaves and air and a long lasting blockage of water uptake because of a frozen soil or 
stem base. 
In this study we compared maximum winter desiccation damage (WDD) with percentage loss of 
hydraulic conductivity (PLC) in Picea abies (L.) H. Karst. along altitudinal transects up to the 
timberline. PLC of sun exposed twigs was measured in late winter using a modified Sperry 
apparatus. In spring, WDD was quantified by the maximum ratio of damaged to undamaged 
needles of twigs collected at breast height. Additionally, the distribution of WDD within trees 
and within twigs was analysed. 
Both, PLC and WDD increased with altitude. PLC of 100% occurred above 1900 m, and highest 
WDD (83%) was observed at 1950 m. Variability in WDD between trees was high, so that PLC 
and WDD were not significantly correlated. Within trees, WDD was highest at the south side, 
especially at the upper part of the crown, and on the underside of twigs. 
Results indicate that damages to water transport are more pronounced than damages of needles. 
WDD thereby could either be caused by a continuously decreasing water content of needles 
during winter or by restrictions in water uptake due to winter embolism. In the latter case, well 
timed repair of embolism may be decisive to avoid WDD. 
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N 17.  Frost Survival of Reproductive Organs of Alpine Cushion Plants 
 
Hacker J., Ladinig U., Neuner G., Wagner J.   
 
The reproductive success of alpine plants is potentially threatened by frost damage to 
reproductive organs during occasionally occurring summer frost events. In alpine and nival 
communities cushion plants belong to the dominating growth forms, their size and structure 
markedly influence the freezing process. Hence, we have studied freezing patterns in two alpine 
cushions species (Saxifraga moschata, Silene acaulis) during their flowering and fruiting phase 
visualized by infrared differential thermal analysis (IDTA). The erect flowers and fruits are 
more exposed to the cold air than vegetative tissues, which results in a faster temperature 
decrease. The temperature of the vegetative parts remained higher due to a high heat capacity of 
the water logged in the compact vegetative part of the cushion. As a consequence ice nucleation 
occurred usually in the reproductive shoots. Freezing was restricted to the respective shoot, as 
the vegetative cushion part presented a thermal barrier for the spread of ice into other flower 
stalks. Each reproductive shoot required an autonomous ice nucleation event to initiate freezing. 
This has the same effect as anatomical ice barriers against the spread of ice into flowers that are 
reported for certain species, but were not found in S. acaulis. At alpine and nival habitats the 
plant growth form cushion may be advantageous for the reproduction success, as damaging 
freezing events can be restricted to single flower stalks while others may survive by 
supercooling.  
 
This work was funded by the Austrian Science Fund (FWF-project P20010). 
 
 
 
N 18.  Responses of Arum italicum Leaves to the Winter Cold 
 
La Rocca N., Simionato D., Cioffi M., Marri L., Rascio N., Pupillo P. 
 
Arum italicum Miller is one of the few species of Araceae living in northern Italy. Its autumn 
leaves persist throughout the winter and undergo senescence in spring, when “summer” leaves 
and inflorescences develop. This study deals with responses to cold and frost by overwintering 
leaves of A. italicum, grown in pots and regularly sampled from dec. to march in 2005/06 and 
2007/08. A reduction of chlorophyll amount with a rise of carotenoid/chlorophyll ratio was 
found in the leaf tissues during this time. A peak of zeaxanthin, previously undetected, appeared 
in the HPLC chromatogram in January, persisting through the whole winter. Western analyses 
showed some decline of the PSII proteins D1 and LHCII but no significant changes of PsbS 
polypeptide. Also the large and small  subunits of Rubisco did not change. Notably, a 
thylakoidal elip-like protein appeared in January, with a trend paralleling that of zeaxanthin. 
Chlorophyll fluorescence values measured by PAM imaging revealed a decrease in 
photosynthetic electron transport rate from autumn to spring and an increase in 
nonphotochemical quenching, whose maximum values were reached in January concomitant 
with the highest level of zeaxanthin.  
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N 19.  Heat Shock Induces Actin Depolymerization in Tobacco BY-2 Cultured Cells   
 
Malerba, M., Crosti P., Cerana R. 
 
Heat stress represents one of the major environmental challenges for plants and adversely 
affects crop yield. Although the cytoskeleton plays an important role in controlling cell shape 
and mediating intracellular signalling, almost nothing is known about the reactions of 
cytoskeletal elements to heat stress. In this work we treated tobacco BY-2 cells for 5 min at 50 
°C (heat shock, HS) or at 35 °C and, after the return of the cells to the normal growth 
temperature (25 °C), we analyzed the behaviour of the actinic component of cytoskeleton. The 
actin filaments were visualized by confocal laser scanner microscopy after staining of the fixed 
cells with phalloidin-TRITC, while actin level was determined by western blot experiments. The 
results show that, besides cell death with apoptotic hallmarks, HS induces a progressive large 
fragmentation of actin filaments. This fragmentation is accompanied by a decrease in the protein 
level only at the last experimental time (16 h after HS). On the contrary the treatment at 35 °C is 
ineffective on all the tested parameters. Thus HS (but not a moderate heat stress) is able to 
induce a massive de-polymerization of actin filaments. Alterations of actin filaments dynamics 
can initiate or modulate the apoptotic signalling cascade in yeast, animal and plant cells. So, it is 
tempting to speculate that HS may induce programmed cell death via its effect on actin 
filaments. 
 
 
 
N 20.  Comparative Study of Antioxidants in Wheat during Cold Hardening 
 
Kocsy G., Kellős T., Tímár I., Szalai G., Nils S., Galiba G. 
 
The aim of the study was to find out whether chromosome 5A, a major regulator of freezing 
tolerance in wheat affects the cold-induced changes in the amount of reactive oxygen species 
and in the activity and transcript levels of antioxidants. Genotypes having different freezing 
tolerance were cold-hardened at 2 °C for 3 weeks. The concentration of hydrogen peroxide, 
lipid peroxides, ascorbate and the ratio of ascorbate  to dehydroascorbate exhibited a rapid 
initial transient increase in the shoots. The amount of glutathione and its precursors and the 
ratios of their reduced to oxidised forms had a transient initial decrease. The activity of the 
antioxidant enzymes showed a quick decrease during the first day of the hardening. The 
expression of the corresponding genes was induced by cold only in the case of glutathione S-
transferase. Its transcript level, the amount of ascorbate and glutathione and the ratio of 
ascorbate to dehydroascorbate was greater in the freezing tolerant genotypes and chromosome 
5A substitution lines compared to the sensitive ones after 11 days at 2 °C. The present results 
indicate that antioxidants have an especially important role in the first days of hardening and 
their amount is affected by chromosome 5A during long-term treatment.  
 
This work was supported by the grants OTKA K67906 and K68158. 
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N 21.  Cold Acclimation Effect on Proline Levels in Brassica napus L. and Brassica 
carinata A. Braun 
 
Zelenková S., Klíma M., Vyvadilová M., Prášil I.T 
 
Cold is one of the major factors limiting rapeseed production and yield. Plants need to acquire 
increased freezing tolerance to survive frost during a long winter period and temperature 
fluctuation in spring and autumn. Accumulation of compatible solutes is protective mechanism 
against destructive effect of frost. Proline is able to hold back the water within the cells under 
conditions of osmotic stress, to stabilize membrane and cytoplasmic proteins, to reduce acidity 
of cytoplasm and to scavenge reactive oxygen species. Regulation of synthesis and degradation 
between proline and its intermediates enables to change the redox potential. After termination of 
stress exposure, proline becomes the source of carbon, nitrogen, energy and reducing 
equivalents.  
These multiple functions predetermine proline as the potential biochemical marker for 
evaluation of frost tolerance in oilseed rape cultivars. Two winter rapeseed cultivars with 
contrast cold tolerance, one spring and Ethiopian mustard were compared after one month 
cultivation in the vernalization chamber at 3°C ± 1°C with day/night photoperiod 10/14 h and a 
light intensity of 250 μmol/m2/s. Increased levels of proline in the leaves of different 
ontogenetic stages were confirmed in frost tolerant genotypes. Detailed analysis of proline 
dynamics during natural winter condition showed clearly temperature dependence of proline 
accumulation. Correlation between proline content in leaves and the degree of freezing 
tolerance determined by freezing tests was evaluated. The use of proline as biochemical marker 
and selection tool for new cold tolerant genotypes of oilseed rape is discussed. 
 
Supported by the Czech Ministry of Agriculture, Research Project No. QH 82285. 
 
 
N 22.  A Novel Instrument to Freeze Plants Controlled Down to -70°C in Situ 
 
Buchner O., Neuner G. 
 
Assessment of midwinter frost resistance of woody plants is extremely demanding as the 
currently available viability assays often yield divaricating results. The only unequivocal 
viability assay is the re-growth test conducted on intact plants. Without detachment of plant 
parts artefactual effects on ice nucleation temperatures are additionally avoided.  
For frost treatment of intact plants in situ a powerful low temperature freezing system (LTFS) 
was developed. Inside each out of six double walled and vacuum insulated stainless steel 
exposure chambers is a ventilated heat-exchanger connected to an external cryostat providing 
cooled ethanol (-80°C). Temperature adjustments are realised by a semiconductor-heating. 
Temperature control is based on a software controlled PID-algorithm. After programming the 
system works under remote control via TCP/IP.  
The LTFS allows freezing of plants in situ under ecologically relevant temperature scenarios 
with realistic cooling and thawing rates down to -70°C. Temperature deviations are typically 
smaller than +/-0.1°C. As frost treated plant parts remain attached viability can be assessed by 
the re-growth test that is unaffected by effects of prolonged exposure of detached plant parts 
during recovery. Lethal intracellular freezing in supercooling tissues can be monitored via low 
temperature freezing exotherms. 
The LTFS allows studying freezing mechanisms and recuperation after frost in plants under 
fully natural environmental conditions. The results are excellent predictors of field frost survival 
being highly ecologically significant. This work was funded by the Austrian Science Fund 
FWF-project P17992-B06. 



 52

N 23.  Temperature Affects Plant Development by Altering Gibberellin Metabolism 
 
Lucyshyn D., Kumar V., Kudva R., Wigge P. 
 
Plants are able to respond very rapidly to changes in ambient temperature and adjust their 
development accordingly. Integration of environmental signals to plant developmental processes 
often involves phytohormones, and the gibberellin (GA) signaling pathway is particularly 
important for temperature response. This is reflected in the phenotype of cold-grown plants, 
showing dark green colour, compact rosettes, growth inhibition and late flowering, similar to 
GA deficient plants. GA biosynthesis and catabolism are highly regulated, and levels of 
bioactive GAs are decreased in the cold. This is presumably mainly due to the upregulation of 
two GA catabolising enzymes of the group of GA2-oxidases. To find out how temperature 
regulates the expression of these genes we used the promoter of GA2ox6 to construct a cold 
inducible luciferase reporter line. This line was mutagenized with fast neutrons to perfom a 
screen for alterations in temperature response by analysing the reporter activity at the seedling 
stage at 4°C and 21°C. Lines with misregulated luciferase activity have been isolated for further 
phenotypical analysis. A number of those lines show defects in flowering time and/or 
photoperiod response, indicating that GA metabolism and temperature interact in these 
developmental processes. More interestingly, however, we could isolate lines that are defective 
in temperature perception or signaling, as they no longer respond to high or low temperature 
like wildtype. Mapping the mutations and further characterization of these lines will provide 
insights in how GA metabolism is regulated by temperature. 
 
 
N 24.  Unravelling the CBF Cold Response in Draba 
 
Von Meijenfeldt N., Van Tienderen P., Haring M. 
 
Cold is a very common stress for plants growing in arctic or alpine regions. Plants have 
developed an array of responses on physiological, cellular and molecular level that allow them 
to cope with cold stress. The genus Draba (Brassicaceae) comprises species occurring in arctic, 
(tropical) alpine, and temperate habitats. This allows us to study the evolution of cold responses 
within a single plant genus. In Arabidopsis thaliana, the C-repeat binding factor (CBF) gene 
family plays an important role in freezing tolerance and cold acclimation. DNA gelblot and EST 
analysis suggested that more than one CBF homolog exists in various Draba species. A 
phylogenetic analysis of the highly conserved AP2-binding domain within the Brassicaceae 
grouped all Draba CBFs together. This suggests that the different CBF homologs within the 
various members of the Brassicaceae family arose as independent duplication events within the 
different lineages.  We have investigated whether tropical alpine, arctic and temperate Draba 
species show different CBF expression patterns in response to cold. Our RT-qPCR results show 
that, similar to Arabidopsis, CBF expression is induced in all Draba species upon exposure to 
cold. However, the dynamics of CBF induction varies between the five species studied and thus, 
possibly reflects adaptations to specific habitat conditions. Currently we are determining the 
expression profiles of CBF homologs in all Draba species individually, in order to establish 
whether the detected difference in dynamics reflects the induction of different CBF family 
members or a difference in regulation of orthologous genes. 
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N 25.  The Heat Shock Factor HsfA2 Plays a Crucial Role in Arabidopsis Tolerance to 
Anoxia 
 
Banti V., Mafessoni F., Loreti E., Novi G., Pucciariello C., Alpi A., Perata P. 
 
A substantial overlap of physiological responses to abiotic stresses is often observed in plants. 
Genomic and transcriptomic studies suggest the existence of a “core stress response” gene 
cluster. Heat shock proteins (HSPs) have been proposed to be part of plant responses to different 
kinds of environmental conditions, well beyond the increase in temperature. 
HSPs genes have been demonstrated to be induced by anoxia in rice, and Arabidopsis seedlings. 
Interestingly, a mild heat pre-treatment can confer greater tolerance to anoxia in Arabidopsis. 
HSPs and other genes typically related to heat shock are up-regulated following oxygen 
deprivation and we observed a significant overlapping between the anoxic and heat response by 
means of transcript profiling. The heat shock factor HsfA2, an important transcription factor 
involved in acclimation to heat shock, is strongly up-regulated under anoxia. Induction of HsfA2 
under anoxia appears to be mediated by an H2O2 burst following the first minutes of anoxia. We 
demonstrate here an important role of HsfA2 in Arabidopsis response to anoxia. An HsfA2 
knock-out mutant cannot cross-acclimate to anoxia following a mild heat pre-treatment, in 
contrast with the wild type. Furthermore, p35S:HsfA2 seedlings show enhanced tolerance to 
anoxia.  
 
 
N 26.  Overexpression of Eucalyptus CBF Genes in a Homologous System Suggests a 
Different Efficiency in the Control of Cold Tolerance. 
 
Navarro M., Ayax C., Marque C., Teulières C. 
 
The CBF/DREB1 transcription factors play a key role in the ability of plants to achieve 
maximum freezing tolerance through acclimation. Intensive investigations now aim to precisely 
evaluate the involvement of CBF genes in natural variation of freezing tolerance. Hypotheses 
include differential expression and/or transactivation efficiency and/or regulon size.  
We previously isolated 4 CBF genes from one of the most frost tolerant Eucalyptus species, E. 
gunnii. As evergreen broad-leaved trees without endodormancy, Eucalyptus are particularly 
exposed to frost, suggesting efficient and/or complex tolerance mechanisms at the cell level. 
This was already confirmed when the EguCBF1 genes expression analysis showed specific 
characteristics compared to Arabidopsis. In particular, the 4 genes exhibit complementary 
induction profiles in response to very distinct cold exposures. As an example, EguCBF1a is 
mainly responsive to very abrupt temperature drops while EguCBF1b is induced by progressive 
temperature decreases, similar to autumnal conditions of cold acclimation. 
In order to check functionality of Eucalyptus CBF in controlling cold tolerance and further 
investigate differences between EguCBF1a and EguCBF1b, the 2 genes were constitutively 
overexpressed in a cold sensitive Eucalyptus hybrid : E. urophylla x E. grandis. For each gene, 
3 transgenic lines corresponding to a range of transgene expression were selected. The poster 
presents the first characterization of the 6 transgenic lines, including expression analysis of the 4 
EguCBF1 genes, evaluation of cold intrinsic tolerance, cold acclimation, growth and 
morphology. In addition to the ectopic effects of the overexpression, this set of analysis 
evidences how different these 2 Eucalyptus CBF genes are in the regulation of stress tolerance. 
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N 27.  Cold Tolerance in the Meso-Euhalophyte Atriplex halimus L. 
 
Walker D.J., Romero P., Aouissat M., Correal E. 
 
Atriplex halimus L. (Saltbush) is used in Mediterranean areas as a fodder crop, but its 
distribution and productivity are restricted by sub-zero winter temperatures. We wished to 
determine the physiological factors determining cold (freezing) tolerance in this species, and to 
compare them with factors shown previously to be involved in salinity and drought tolerance in 
this and other halophytes.  
We investigated Spanish, North African and Syrian populations of A. halimus grown in 
Southern Spain, at a site having minimum winter temperatures between -7 and -18ºC. Cold 
tolerance, determined as the LT50 values in leaf electrolyte leakage assays, was related to leaf 
osmotic potential, dry matter and relative water contents and leaf concentrations of K, Na and 
soluble sugars. The diploid Spanish populations were more tolerant than the other, tetraploid 
populations, related to their greater osmotic adjustment in winter. The LT50 values determined 
in early winter were closely correlated with the subsequent plant damage in situ, following 
exposure to -11ºC. The same populations of plants grown at a saline site, where sub-zero 
temperatures never occur, had higher tissue Na concentrations and LT50 values of similar 
magnitude to those of the cold-winter site. For pot-grown plants of two Algerian populations of 
A. halimus, salinisation of the soil by addition of NaCl increased tissue K and Na and cold 
tolerance. 
We conclude that cold tolerance in this species, as for drought and salt tolerance in halophytes, 
involves osmotic adjustment, achieved by vacuolar accumulation of ionic osmotica and 
cytoplasmic accumulation of compatible organic compounds, in order to minimise cell 
membrane damage and cellular dehydration. 
 
 
N 28.  Biologically Active Natural Compound S-Methylmethionine Exhibits Protecting 
Effect in Maize Seedlings Exposed to Cold Stress 
 
Szegő D., Lőrincz I., Szigeti Z., Lásztity D., Rácz I. 
 
In the temperate zone maize seedlings are often exposed to cold stress at the beginning of 
vegetation period and this may have a damaging effect on plant growth and development. For 
improvement of stress tolerance, the application of biologically active compounds resulting in 
an increase in defence potential is one of the possibilities in addition to the use of classical 
breeding techniques or transgenic plants. Non-protein amino acid S-methylmethionine (SMM) 
is one such naturally occurring compound. It has been established earlier that exogenously 
added SMM increases membrane stability, and the quantity of polyamines. This work was 
aimed at investigating short term changes in functional activity and in defence compounds 
caused by SMM and at clarifying the gene expression background of these changes. We found 
that both SMM and cold treatment up-regulated the genes responsible for polyamine synthesis 
pathway starting from arginine. These changes were reflected in the putrescine and agmatine 
contents. SMM caused a similar increase in the expression of CBF1, the transcription factor that 
acts as a regulator in cold stress. It caused only a slight increase when applied alone, but when 
SMM pre-treatment was followed by cold stress, it resulted in a considerable extent of up-
regulation. The results demonstrated that protective effect of exogenous SMM was chiefly 
manifested in its influence on the expression of genes responsible for the biosynthesis of the 
polyamines and on the CBF1, which is important for stress responses. 
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N 29.  Heat Stress Response of Mitochondrial Small Heat Shock Protein during Growth, 
Development and Reproduction in Transgenic Tobacco (Nicotiana tabacum L.) 
 
Singh I., Shono M.  
 
Accumulation of mitochondrial small heat shock protein (MT-sHSP) in the heat- stress response 
has been recently reported in a number of plant species. However, little is known about the 
cellular functions of MT-sHSP in heat tolerance of plants. Present study was aimed to evaluate 
the cellular functions of MT-sHSP in transgenic tobacco. Protein analysis by western blotting 
showed expression of MT-sHSPs in leaf, flower and pollen of transgenic lines MT-a and MT-d 
at 28°C but could not be detected in any of these plant organs in control plant (pBI-d). However, 
they were induced during heat-stress (37°C) in pBI-d leaves but diminished slowly during 
recovery. Interestingly, we could not detect any MT-sHSP in pollen of pBI-d at 37°C, which 
otherwise over expressed in Mt-a. The transgenic lines had significantly higher cell membrane 
thermo-stabilities in leaf tissues and exhibited higher rates of photosynthesis and respiration. 
However, the relative respiration was much higher in pBI-d, confirming the protective role of 
MT-sHSP during heat-stress. We also observed some in vitro pollen germination and 
comparatively low pollen bursting at 45°C in MT-a and MT-d, indicating a possible role of MT-
sHSP in plant reproduction. Results of this study were confirmed by treating isolated flowers 
and whole plants at high temperatures.  
 
 
 
N 30.  Identification by Reverse Genetics of a Novel Heat Stress Determinant in 
Arabidopsis Thaliana 
 
Azevedo H., Correia J., Oliveira J., Tavares R.M., Lino-Neto T. 
 
Plants have to face a broad variety of environmental challenges during their life cycle and have 
evolved tolerance mechanisms, including physical adaptations and interactive molecular and 
cellular changes that begin after the onset of stress. One example is the acquisition of 
thermotolerance to otherwise lethal high temperatures. As the control mechanisms for high-
temperature tolerance are based on the activation and regulation of specific genes, heat stress-
related genes might be singled out from the expression profile of plants subjected to high-
temperatures. Many thermotolerance determinants have been identified using Arabidopsis 
thaliana as a molecular genetic model system. Following a reverse genetics approach, we 
analyzed the publicly-available transcriptome of heat-stressed Arabidopsis plants 
(AtGenExpress Project), and identified one gene of interest, HZF (heat-related zinc finger 
protein), strongly overexpressed in heat-stressed plants. HZF codes for a protein of unknown 
function containing a zinc finger domain. An insertion mutant line was subsequently used to 
screen for heat stress-associated phenotypes. Preliminary results indicate that seed germination 
efficiency is affected in hzf loss-of-function mutants during the Arabidopsis thaliana heat stress 
response. 
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N 31.  Effects of Thermoreceptor Agonists on the Membrane Potential and Ion Channels 
in the Liverwort Conocephalum Conicum 
 
Kupisz K., Dziubinska H., Trebacz K. 
 
The liverwort Conocephalum conicum generates action potentials (APs), in response to 
depolarizing current, illumination, and sudden cooling. The temperature increase evokes 
hyperpolarization, whereas cooling produces depolarization, which, after exceeding the 
threshold of excitation, leads to generation of AP. Effects of animal thermoreceptor agonists: 
menthol, icilin, WS-3 and capsaicin on the membrane potential and vacuolar ion channels in the 
liverwort were examined. Two enantiomers of menthol: (-)-menthol and (+)-menthol were 
tested. In animal cold receptors belonging to TRP family, (-)-menthol is almost four-times more 
effective than (+)-menthol in mimicking a response to cold. This response consists of transient 
depolarization and a vanishing series of APs. In Conocephalum 20 µM (-)-menthol occasionally 
evokes APs. (+)-Menthol caused generation of APs when applied at 5 mM and higher 
concentrations. APs were evoked by application of icilin at concentration higher than 20 µM. 
WS-3 was effective between 20 and 100 µM. In contrast to animal cells, in none of the 
experiments with Conocephalum, series of APs were recorded. Capsaicin, which activates heat 
receptors in animals, evoked hyperpolarization in Conocephalum cells. Preliminary experiments 
obtained with application of the patch-clamp technique indicate that slow vacuolar channels 
(SV) do not change their activity upon application of 100 µM of (-)-menthol.  
 
This work was supported by the Ministry of Science and Higher Education, Poland, grant N N301 464534. 
 
 
 
N 32.  The Cryopreservation of Eucalyptus in vitro Material: Overcoming Stress for 
Success 
 
Mycock D.J., Edwards N., Watt M.P 
 
To meet future demands South African forestry companies have initiated progressive 
Eucalyptus breeding programmes which include biotechnology. Ex situ cryopreservation would 
be an ideal method for the conservation of genotypes not actively involved in the breeding 
programmes. As the forestry industry is dependent on clonal plantations with axillary bud 
proliferation being the micropropagation method of choice we have been focusing on the 
development of cryo-procedures for isolated Eucalyptus axillary buds. Tissue water content and 
size are important factors in the preparation of tissues for cryopreservation. Water content is 
important because it controls the amount of ice crystal formation in the sample and size 
regulates the rate of freezing. The Eucalyptus in vitro axillary buds are highly hydrated and this 
has necessitated their unnatural dehydration using various means. To help overcome the 
dehydration stress various investigations have been undertaken to determine if the axillary buds 
can be stimulated to become more tolerant to water loss. In this regard the roles of Abscisic 
Acid (ABA); cross tolerance stimulation with salt, osmotica and cryoprotectants and rate and 
extent of dehydration have been examined. The poster presentation will provide an overview of 
these investigations. 
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Session II Plant Response to Drought, Salt, and Osmotic Stresses 
 

N 33.  Protein Phosphorylation in Maize under Saline Growth Conditions 
 
Geilfus C.M., Zörb C., Schmitt S., Mühling K.H. 
 
It is of fundamental importance to understand the physiological differences leading to salt 
resistance and to get access to the molecular mechanisms underlying this physiological 
response. Under salinity plant growth is subsequently reduced. Initial responses of plant cells 
after immediate stress application are of special interest for elucidating the physiological 
processes and signals of salt resistance. Especially post transcriptional modification such as 
protein phosphorylation is an important part of the stress related signal at the initial phase. The 
aim of the present work was to investigate the posttranslational protein phosphorylation after a 
short time salt exposure of maize and to elucidate the role of proteins which may contribute to 
leaf expansion. We therefore focus to the initial effects after the adjustment to saline conditions 
in the first hour after sodium ions entered the cell. The subsequent protein phosphorylation was 
monitored using a two dimensional proteomics approach (2D). A set of phospho-proteins in 
maize was detected but only 12 proteins were phosphorylated and 8 proteins which were 
dephosphorylated after the application of 25 mM NaCl for 1 h. Some of the phosphorylated 
maize proteins such as glucosyl transferase BX9, a 2-Cys-peroxyredoxine, a xyloglucane-
endotransglycosylase were enhanced after initial salt stress whereas an isocitrate-
dehydrogenase, a maturase, calmodulin and a 40-S-ribosomal protein were dephosphorylated 
after adjustment to saline conditions. In conclusion, the phospho-proteome of maize showed a 
distinct, fast and initial reaction under moderate saline conditions which contributes to the 
adaptations to saline stress of maize leaves.  
 
 
N 34.  Histological Investigation on In Vitro Salinity Response in Limonium Cordatum (L.) 
Mill., a Mediterranean Endemism 
 
Savona M., Cassetti A., Mascarello C., Campodonico E., Minuto L., Ruffoni B. 
 
L. cordatum is an alophylous plant, it prefers rocky habitat and it needs a calcareous substrate; 
the species lives in Italy in a very restricted area (Liguria Region – CÔte d’Azur), close to the 
Mediterranean sea, where the human pressure due to tourism and industrial activities is really 
heavy and undermines its survival; for this reason it is included in the regional Red Lists of 
threatened plants in the Liguria Region (I) and in the Dept. des Alpes Maritimes (F) (I.U.C.N., 
1998). 
For this plant a protocol of in vitro propagation was established by Savona et al. in 2008 with 
the aim to achieve a successful conservation strategy. Furthermore the species was taken into 
consideration as model plant to study the response mechanism to salinity stress.  
Test media were prepared with the agarized MS growth medium (1962) with or without BA 0.2 
mg l-1 and adding several NaCl concentrations (0, 150, 300, 450, 600 mmol l-1);  shoots were 
cultured at low light intensity (PPFD: 14 μE m-2 s-1), 16 h photoperiod and at 23°C ± 1. 
The hystological analysis was performed at different growth conditions, in order to study the 
anatomy of the plant and the morphological reorganisation of leaf tissues. 
Salt glands were described in vitro in this species for the first time in all the Plumbaginaceae 
family; root primordia were present but inhibited in their development at the highest salt 
concentration. An evident decrease of viability and, in consequence, of all the growth 
parameters occurred, in fact, over 450 mmol l-1 already after 30 days of culture.  
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N 35.  Analysis of NaCl Stress Responsive Proteins in Arabidopsis Leave Plasma 
Membrane using iTRAQ Labeling 
 
Najafi Zarrini H., Fusetti F., Poolman B., Elzenga J.T.M., Lanfermeijer F.C. 
 
High salinity is a major abiotic stress limiting agriculture and geographical distribution of 
plants. The high salinity stress response in plants is complex and still the methods of perception 
and signal transduction are unknown.  For instance, components such as the receptors or sensors 
still need to be identified. In this study, the effect of high salinity on Arabidopsis plasma 
membrane proteins, and especially on receptor like kinases (RLKs), was investigated. A 
comparative proteomic analysis of plasma membranes that were isolated from leaf-tissue was 
performed. The changes in protein abundance as a result of the high salinity treatment were 
determined using iTRAQ labeling. We could identify more than 1000 proteins with a 
confidence of at least two peptides and with each peptide with more than 95% probability. 
Fourty six proteins were  down regulated and 44 were upregulated in response to the NaCl 
treatment. Among the responding proteins previously characterized stress-related proteins and 
products of stress-responsive genes could detected. In comparing gene expression and proteins 
production, a statistical correlation between the changes in  protein leveland expression levels 
determinedwith DNA micro arrays was observed. Among the 82 identified RLKs, two of them 
showed up regulation and five RLKs were down regulated. The role of these RLKs is unknown 
and need to be clarified. 
 

 

N 36.  The Long-Term Effect of Water Stress on Photosynthesis may be Interpreted in 
Terms of Reduced Sink Activity in Mango (Mangifera Indica L.) 
 
Damour G., Urban L. 
 
The negative impact of long-term drought on plants' growth, development of natural plants’ 
communities and crops' productivity is well established, but some of the responses are still 
poorly documented. There is, for instance, a general lack of references about the effect of long-
term water stress on photosynthetic capacity. With the objective of testing the hypothesis that 
long-term drought results in a decline in leaf photosynthetic capacity, not just a decrease in 
diffusive conductance, we studied the effect of water stress, slowly developing over 3.5 months, 
on eight potted mango trees. We found that photosynthesis of mango tree leaves was not only 
limited by stomatal closure, but also downregulated as a consequence of a strong decrease in 
photosynthetic capacity assessed by measurements of maximal net photosynthesis (Amax) and the 
light-saturated rate of photosynthetic electron transport (Jmax). The rapid recovery of Amax and 
Jmax, after only one week of rewatering, the maintenance of a stable pool of leaf nitrogen 
throughout the trial, and the decrease in quantum efficiency of open centres of photosystem II, 
suggest that the photosynthetic machinery escaped photodamage in leaves from stressed trees 
and was simply downregulated during drought. The hexose-to-sucrose ratio was higher in the 
leaves from drought-stressed trees than in those from the control, which suggests that 
photosynthetic capacity decreased as a consequence of drought-associated sink limitation.  
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N 37.  Candidate Gene Approach to Identify Genes Underlying Drought Stress Tolerance 
and Development of Markers in Strawberry 
 
Razavi F., De Keyser E., De Riek J., Van Labeke M.C. 
  
Strawberry (Fragaria x ananassa Duch.) belongs to the rose family (Rosaceae, subfam. 
Rosoideae) and is mainly cultivated in the northern hemisphere. Drought stress is one of the 
most important environmental factors that limit plant growth and development, thus reducing 
yield. The overall objective of the research is to identify genes associated with drought-stress 
response in strawberry and to use EST-based markers to select for drought tolerance among 
strawberry species and cultivars. Water losing rate (WLR, calculated as the leaf weight loss over 
time) was measured on fully expanded triplet leaves in a growth chamber under constant 
temperature (17°C), RH (60 %), and light intensity (100 µmol m-2 s-1), for 21 cultivars of        F. 
x ananassa, one diploid species F. vesca and one octaploid species F. chiloensis. WLR could 
discriminate genotypes showing a contrasting response to water stress. This response allowed 
clustering strawberry genotypes in susceptible and drought-tolerant groups. For assaying the 
genetic variation at DNA level, EST markers were developed based on the polymorphic 
candidate gene approach and compared to Amplified Fragment Length Polymorphism (AFLP) 
markers. Cluster analysis of the EST data in comparison with AFLP data starting from the 
genetic distance among different genotypes allowed evaluating if drought resistance in the set of 
characterised plant genotypes is related to genetic origin or cultivar pedigree. Also, some 
functional significantly correlated genes to WLR as one of the most important parameter of 
plant water status were determined. In further research, the expression profiles will be analysed 
for a better understanding of their functional role in strawberry drought response. 
 
N 38.  Investigating Potato Response to Drought Exposure 
 
Lefèvre I., Legay S., Lamoureux D., Schafleitner R., Hausman J.F., Evers D. 
 
Water availability being one of the major limitations to plant productivity, the presented project 
investigated the impact of drought exposure on potato quality and yield. The present work 
aimed at identifying metabolites implicated in drought stress tolerance in relation to gene 
expression involved in their metabolic pathways. 
Plants of the most drought tolerant clone Sullu and the drought sensitive clone SS2613, both 
Solanum tuberosum spp. Andigena, were cultivated in an experimental station in Peru. In the 
drought plot, irrigation was stopped 86 days after planting and during 58 days. Gene expression 
and metabolite analysis were studied in both clones after 15, 28 and 49 days of drought 
treatment on the 3rd fully expanded leaf. 
Some metabolites susceptible to assume protective functions have been measured. In response 
to drought exposition, proline accumulation was more important in Sullu than in SS2613. 
Similarly, an accumulation of hydroxproline and trigonelline occurred only in Sullu. The 
concentration of the polyamine spermine was higher in response to drought treatment in both 
clones as compared to control plants, but this difference occurred sooner in SS2613. The most 
striking result regarding the carbohydrates and polyols was the increase in inositol level which 
occurred more rapidly and was much more important in Sullu than in SS2613. In parallel, 
response to drought on gene expression was analysed, focusing mainly on carbon and energy 
metabolism, photosynthesis and amino acid metabolism. Results of biochemical analyses will 
be discussed in relation to gene expression. Indeed, using this integrative approach is of great 
interest to understand metabolic pathways involved in drought response. 
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N 39.  Transcriptional and Metabolic Profiles of Lolium perenne L. Genotypes in Response 
to a PEG Induced Water Stress 
 
Foito A., Byrne S., Stewart D., Barth S. 
 
Water stress is one of the major factors affecting plants growth and productivity. In this study a 
comprehensive metabolomic approach was carried out to elucidate the mechanisms involved in 
Lolium perenne L. (perennial ryegrass) response to water stress. When leaf and root material 
from two genotypes, with a contrasting water stress response, were analysed by GC-MS a clear 
difference was observed in the metabolic profiles of the leaf tissue under water stress. 
Differences were principally due to a reduction in fatty acids levels in the more susceptible 
‘Cashel’ genotype and an increase in sugars and compatible solutes in the more tolerant ‘PI 
462336’ genotype in response to stress. Sugars significantly increased included; raffinose, 
trehalose, glucose, fructose and maltose. Raffinose was identified as the metabolite with the 
largest accumulation under water stress in the more tolerant genotype and may represent a target 
for engineering superior drought tolerance into perennial ryegrass. The metabolomics approach 
was combined with a transcriptomics approach in the water stress tolerant genotype ‘PI 
462336’, which has identified genes in perennial ryegrass that are regulated by water stress. 
This is the first comprehensive report describing the metabolome of a forage grass under water 
stress. 
 
 
 
N 40.  Selection of Lotus tenuis Naturalized Populations with Contrasting Tolerance to 
Water Stress 
 
Acuña H., Inostroza L., Paulina Sánchez M., Tapia G.  
 
The growth, DM production and drought tolerance of twelve accessions of Lotus tenuis Waldst 
& Kit,  Syn. L. glaber, naturalized in Chile in areas with different soil and climate  conditions, 
were evaluated with the objective to select contrasting genotypes, tolerant and sensitives to 
drought, for future breeding programmes. The accessions were sown in pots of 1.3 L containing 
a volcanic soil (Andisol). Four water treatments were established: 100, 70, 40 and 10 % of soil 
water availability (SWA). A completely randomized design, with all combination of Lotus 
accessions and water treatments, was used. The treatments were applied during 60 days from 43 
days after sowing. The pots were weighed daily to replace the evapotranspirated water and for 
maintaining the SWA of each treatment during all the period.  Two stems per pot were selected 
to measure its length at seven dates for allowing  determination of the relative rate  of stem 
elongation (RRSE; cm cm-1 día-1). The shoots and roots DM production, the relative water 
content (RWC) and the specific leaf area (SLA) were measured. A drought sensitivity index 
(DSI) and the interaction genotype x environment were calculated. The RRSE, the DM 
production, RWC and SLA showed a significant reduction (P< 0.05) in the treatment with the 
higher water restriction (10% SWA).  There were significant differences (P<0.05) within RRSE 
and DM production genotype means. The DSI varied broadly among genotypes, from 0.49 to 
1.34, and was correlated negatively with DM production under water stress (10% SWA). The 
accession Lt4 was the more tolerant and Lt14 the more sensitive to drought.  
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N 41.  Effect of Stop Irrigation in Stem Elongation Stage on Branch Formation and Plant 
Height of Rapeseed (Brassica napus L.) Cultivars  
 
Pazoki A.R., Shirani Rad A.H., Habibi D., Madani H., Paknejad F. 
 
Due to study the effect of stop irrigation in stem elongation stage on branch formation and  plant 
height of rapeseed (Brassica napus L.) cultivars , an experiment was carried out in split plot 
design on the basis of  randomized complete block design with 4 replications in  karaj  over 
2003 -2005 . Irrigation method in two levels, normal irrigation ( Irrigation after 80mm 
evaporated water from class A evaporation pan ) and deficit irrigation (stop irrigation after stem 
elongation stage ) as main factor and rapeseed cultivars in 10 levels contains : Hyola 401,Option 
500 ,Hyola 308 ,Quantum  , Eagle ,  Comet  , Amica  , Goliath  ,Heros  ,  Sarigol  as sub –factor 
.                                       
The effect of irrigation method, cultivars and interaction effects of them on branch number and  
plant height of rapeseed cultivars had significant difference at 1% level .The results indicated 
that in Irrigation after 80 mm evaporated water from class A evaporation pan , average plant 
height and branch number per plant of cultivars increased to 153.1 cm and 4.00 . Maximum 
amount of plant height and branch number per plant for irrigation condition levels average 
belonged to Quantum  (165.1 cm) and Amica  (4.73) alternatively.  
Base on the findings interaction effects of irrigation method and cultivars on mentioned 
characters showed that , normal irrigation in  Quantum  (169.8 cm) and Amica  (165.0 cm) 
showed  maximum plant height and complete irrigation on the basis 80 mm evaporated water 
from class A evaporation pan in Quantum  (4.5) and Amica  (4.45)  conducted to highest branch 
number per plant . In this research Regent ×Cobra had maximum response to higher amounts of 
irrigation for branch number (32.2)  and plant height (0.95 cm) . 
 
 
N 42.  Possible Utilization of Halophytes as Alternative Crops in Saline Agroecosystems   
 
Kafi M. 
 
High salinity causes water deficit, ion toxicity, and nutrient deficiency leading to molecular 
damage, growth arrest of plants. Production of halophytes using saline waters and soils is one of 
the most sustainable ways of conservation desert ecosystems. Therefore, in order to study the 
possibility of growing Kochia (Kochia scoparia) as a forage crop in arid environments reach in 
saline underground water, a series of experiments were performed. Germination tests were 
evaluated in germinators under different temperatures (10-40 oC, with 5 oC intervals), and 
salinity levels (0-20 dS/m, 5 dS/m intervals). Growth and development of kochia tested in the 
field in three levels of saline irrigation water (1.5, 8.6 and 28.2 dS/m). The biological yield, leaf 
and stem dry weight, plant height, number of branches, oil yield, protein percentage, protein 
yield were measured. The results showed that kochia can adjust its germination in a wide range 
of temperature, from 3.4 (Tbase) to 49.7 oC (Tmax) and optimum germination temperature of 24 
oC. Salinity negatively influenced the majority of plant's morphological and physiological 
indices, yet the dry matter accumulation in the highest salinity level reached 60% of plants in 
lower saline levels, and even the moderate salinity caused a little stimulus in plant's growth and 
yield performance. Results showed that the highest biological and seed yield obtained at 30 and 
20plant m-2 respectively. In Conclusion, the Kochia’s high production capacity in the presence 
of salinity and other desert stresses such as high temperature and drought make this plant 
capable as a forage crop in harsh environmental conditions. 
 



 63

N 43.  The Role of Arabidopsis thaliana UDP-Glucose 4-Epimerase Isoforms in Abiotic 
Stress Tolerance 
 
Seifert G.J. 
 
UDP-D-galactose is the activated sugar precursor of a variety of carbohydrates including cell 
wall polysaccharides, galactolipids and raffinose type oligosaccharides that have been 
implicated with abiotic stress tolerance. De novo biosynthesis of UDP-D-galactose depends on 
UDP-D-glucose 4-epimerase (UGE). Arabidopsis thaliana contains five functional UGE genes 
(1) , some of which (UGE2 and -4) are required for cell wall biosynthesis and growth (2). 
Interestingly, a rice UGE gene is associated with a QTL for drought resistance (3) and abiotic 
stress tolerance is enhanced in transgenic plants expressing rice UGE (4). UGE activity in 
Arabidopsis is induced in roots (> 2-fold) by application of the abiotic stress regulator abscisic 
acid (ABA) but it is not affected by other growth regulators (5), while ethylene modulates UGE 
isoforms on a post-transcriptional level (6). The involvement of individual UGE genes in ABA 
response and in salt stress tolerance as analyzed by reporter genes and combinatorial mutants is 
presented. 
The author is supported by the Austrian Science Foundation (P19788). 
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N 44.  Changes in Antioxidative System in Plants during Abiotic Stress 
 
Saleh L., Plieth C. 
 
Background 
Excessive formation and release of reactive oxygen species (ROS) are often considered to be the 
first processes leading to cellular damage when stress situations crop up. The generated ROS are 
under control of a complex antioxidative system consisting of non-enzymatic and enzymatic 
components. 
Methods 
To quantify the antioxidants in general and the antioxidative enzymes in particular we employed 
three different luminescence-based assays. A horseradish peroxidase-based total antioxidative 
capacity (TAC) assay was used to probe low molecular weight antioxidants. Total luminol 
converting peroxidase activity (LUPO) can easily be quantified in parallel. Finally, we present 
an assay to quantify high molecular weight superoxide anion scavenging activity (SOSA). Other 
particular antioxidative enzymes like catalase and glutathione reductase were monitored by 
common photometric assays simultaneously. 
Conclusions 
Experiments show, how abiotic stress situations (i.e. salt, drought, cold, heat) influence the 
antioxidative system in plants. The antioxidative parameters are dependent on the kind of 
abiotic stress, individually adapted, and regulated back as soon as the plant is allowed to recover 
from stress. Fingerprints are drawn for each kind of abiotic stress and may be implemented as a 
distinguishing mark for robustness among different ecotypes, novel transgenics or breeds of a 
plant species. 
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N 45.  Aldehyde Oxidase and Xanthine Dehydrogenase Affect ABA Synthesis and 
Production of Reactive Oxygen Species in Arabidopsis 
 
Lachmann N., Zarepour M., Mendel R.R., Bittner F. 
 
In Arabidopsis, at least five different aldehyde oxidase (AO) isoenzymes are present that 
catalyze the oxidation of various aldehydes to their corresponding carboxylic acic. The most 
prominent aldehyde substrate certainly is abscisic aldehyde which is converted to abscisic acid 
(ABA) by the specific action of AOdelta. As O2 serves as acceptor for electrons released during 
aldehyde oxidation, each reaction cycle is accompanied by the formation of hydrogen peroxide 
and superoxide anions. Xanthine dehydrogease (XDH), which represents the evolutionary 
ancestor of AO, catalyzes one of the key reactions in purine degradation, namely the oxidation 
of hypoxanthine to xanthine and xanthine to uric acid. Like AO, also XDH mobilizes electrons 
from each of these substrates, but prefers to transfer them to NAD+ to yield NADH. However, 
under certain conditions XDH also uses O2 as alternative electron acceptor with concomitant 
formation of superoxide anions. Here we show that AO and XDH respond to a number of 
abiotic stresses and treatments such as drought, salinity, cold, ABA, paraquat, and hydrogen 
peroxide. Furthermore, AO and XDH activity are highly pronounced during natural leaf 
senescence, which is characterized by increased generation of ABA and reactive oxygen 
species, products of AO and/or XDH. As under most conditions also antioxidant enzymes such 
as superoxide dismutase and catalase were found to be enhanced, our data suggest that AO and 
XDH play important roles during stress adaptation not only due to their function in ABA 
biosynthesis and purine degradation but also due to their capacity to generate hydrogen peroxide 
and/or superoxide.  
 
 
N 46.  Preliminary Results of High Reactive Oxigen Species in Mediterranean Diatoms 
 
Lamari N., d’Ippolito G., Cutignano A., Romano G., Ianora A., Miralto A., Cimino G., 
Fontana A. 
  
Diatoms are the most important group of eukaryotic phytoplankton sustaining the marine food 
chain. In the last years, this beneficial role has been questioned because diatom-rich diets 
negatively affect the reproduction of dominant zooplankton grazers, the copepods. Early 
studies1 explained this phenomenon in terms of chemical defence due to synthesis of deterrent 
metabolites which have high toxicity on viability of gametes and offspring. More recently it has 
been revealed an entire family of fatty acid derivatives that can  mimic such effects on copepod 
reproduction.2 Furthermore, these studies pointed out that negative impact of diatom diets on 
copepod is not necessary dependent on the presence of a single class of compounds, since 
diatom-dependent toxicity may be due to a complex mixture of components and massively 
influenced by the generation of transient species, such as fatty acid hydroperoxides (FAHs) and 
reactive oxygen species (ROS), which are capable to trigger an highly oxidative status3. This 
process might be responsible to DNA damage that well explains the parental effects observed in 
nauplii generated by copepod fed on marine diatoms.  
In this communication data on mesuraments of high ROS (hROS) levels in Skeletonema 
marinoi by the membrane-permeable fluorescent dye 2-[6-(4’-hydroxy)-phenoxy-3H-xanthen-3-
on-9-yl]-benzoicacid (HPF) are reported. Fluorescence detection and timelapse experiments 
revealed that diatom cells suffer massive hROS bursts which are concurrent with lipid 
peroxidation. 
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N 47.  Molecular and Physiological Comparative Study of Two Aeluropus Species 
Responses to Salinity 
 
Razavi K., Ali Malboobi M., Ghanati F. 
  
Aeluropus is a salt tolerant grass genus from Poaceae family, distributed widely in arid regions 
as a result; these plants have developed great genetic potential for tolerance toward abiotic 
stresses such as salinity and drought. In this research, the physiological and molecular responses 
of two Aeluropus species, A. lagopoides and A. littoralis, toward salinity were studied. We 
examined shoot growth rate, K+, Na+, Na+/K+, proline contents, and antioxidant enzymes 
activity such as superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX)  
in controlled hydroponic cultures supplemented with 150, 300, 450, 600, 750 and 900 mM 
NaCl. Comparing gene expression profiles of hydroponically cultured seedlings in medium 
containing high (600 mM) or no salt, twelve differentially expressed fragments were selected 
using a modified ِDD-AFLP. Sequence comparison of these cDNAs revealed that a putative salt 
stress responsive protein such as betaine aldehyde dehydrogenase (BADH) involved in osmotic 
adjustment. Some of the encoded proteins were related to signal transduction pathways. These 
data suggest that different salt tolerance mechanisms are adopted in these two species.  
 
 
 
N 48.  Involvement of Carnitine in Arabidopsis Stress Response 
 
Charrier A., Rippa S., Yu A., Renou J.-P., Perrin Y. 
 
Carnitine exists in all living organisms and its biological functions are diverse. Besides a major 
role in animal lipid metabolism, carnitine is also a major player in abiotic stress tolerance in 
animal, yeast and bacteria. Previous studies of carnitine function in plants have shown that it 
takes part in fatty acid metabolism. Our present work suggests that carnitine is also involved in 
salt stress/osmotic response in Arabidopsis. A transcriptomic approach reveals that exogenous 
supply of carnitine to Arabidopsis plantlets inversely modulates the expression of genes 
involved in salt stress and abscissic acid responses. Moreover, biological data show that 
carnitine promotes plantlet development on high salt medium, in a comparable manner to 
proline. Interestingly, tandem mass spectrometry quantification of endogenous carnitine shows 
that its effect on salt tolerance is achieved for micromolar intracellular concentration, which is 
too low to account for an osmolyte action. Carnitine action could rather lay in antioxidative 
properties since it also confers tolerance to the oxidative stress caused by an exogenous supply 
of hydrogen peroxide to Arabidopsis plantlets. Therefore our work suggests that carnitine in 
plants plays a role in abiotic stress tolerance in addition to its role in lipid metabolism. It seems 
to act rather as an antioxidant than an osmolyte but we do not exclude the possibility that it may 
act though the modulation of hormone signalling pathways.  
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N 49.  Changes in the Composition of Phenolic Compounds and Properties of Antioxidants 
in Grapevine Roots (Vitis vinifera) Under Drought Stress Followed by Regeneration  
 
Weidner S., Karolak M., Karamac M., Kosinska A., Amarowicz R. 
 
Grapevine seedlings Vitis vinifera were grown in a greenhouse under optimum conditions (soil 
moisture ca 70%) and under drought stress (soil moisture ca 35%). In addition, some of the 
plants subjected to drought underwent subsequent regeneration under optimum conditions. 
Drought stress caused accumulation of total phenolic compounds in grapevine roots, which may 
indicate that these compounds play an important role in the adaptation of roots to growth under 
stress conditions. Phenolic acids found in the roots occurred in the ester-bound form only. p-
coumaric acid was present in the highest concentrations (6.2 to 10.5 μg/g fresh matter). The 
content of ferulic acid was lower, ranging from 2.4 to 4.6 μg/g fresh matter. The lowest 
concentration in grapevine roots was achieved by caffeic acid (2.4 to 2.9 μg/g fresh matter). The 
levels of p-coumaric and ferulic acids in roots rose significantly under the drought stress, while 
the concentration of caffeic acid increased during the post-drought regeneration period. This 
may suggest that some of the phenolic acids protect plants under stress conditions. All the 
extracts from grapevine roots had antioxidative properties, but the antiradical activity of the 
extracts obtained from roots subjected was inferior to the control. The same extracts were also 
characterised by depressed reducing power. The results imply that tolerance of grapevine to soil 
drought may be associated with the value of antioxidative potential in root tissues of these 
plants.  
 
 
N 50.  Exploring the Unexplored: Two-component System and Their Role in Salinity 
Stress in O. sativa L. 
 
Karan R., Singla-Pareek S.L., Pareek A. 
 
Abiotic stress is the primary cause of crop loss worldwide, reducing average yields for most 
major crop plants by more than 50%. To adapt to these abiotic stresses, plant utilize different 
signaling strategies to recognize and respond to these stresses. Prokaryotes and some eukaryotes 
use two-component signaling systems to sense and respond to changes in many different 
environmental conditions. A typical two-component system consists of a sensor histidine 
kinase, phosphotransfer protein and a response regulator. The histidine kinase, which is 
regulated by environmental stimuli, can be auto-phosphorylated at the histidine residue and 
subsequently transferred to an aspartate residue in the response regulator protein via 
phosphotransfer protein. Two-component system plays an important role in stress perception 
and signal transduction under hormonal, abiotic stress, light and developmental regulation. In 
the present study, we showed that all members of TCS family including sensory HKs, HPTs and 
RRs are having differential transcript abundance in contrasting rice genotypes. Further, except 
RR21, transcript abundance for all TCS members was found to be higher in the salt tolerant 
genotype – Pokkali, which are otherwise induced to a higher level in the sensitive cultivar IR64. 
A few of these members were also found to be localized within important salinity related QTLs.  
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N 51.  Morphological, Physiological and Molecular Diversity within the Widely-Studied 
Salt-Tolerant Landrace Pokkali 
 
Sabouri A., De Ocampo M., Sajise A.G.C., Refuerzo L.C., Thomson M., Gregorio G.B., 
Singh R.K. 
 
Pokkali is the most extensively researched local variety for salinity tolerance in rice. It is still 
being grown in its native southwest Kerala coast of India due to its excellent salinity tolerance 
and adaptation. After many generations of being grown in these coastal areas, natural selection 
pressure has led to many variants within the same landrace. Since Pokkali has been used in 
many research programs without reference to specific accession numbers, the inferences are 
potentially contradictory. To resolve this problem, we are characterizing 11 accessions of 
Pokkali available at IRRI based on morphological, physiological and molecular parameters. A 
replicated yield trial is being conducted for two consecutive seasons, to ascertain the variation in 
morphological characters due to photosenstivity. Ionic (Na+ and K+) uptake was also estimated 
in salinized culture solution (12dSm-1) along with FL478 and IR29 as tolerant and sensitive 
checks respectively.  Preliminary data on the differences on the Na/K absorption ratio indicated 
a large variation in the range of tolerance among the Pokkali accessions.  Using simple sequence 
repeat (SSR) markers for salinity tolerance, 37 Saltol-linked SSR primers detected significant 
variation among the different accessions. Molecular data from UPGMA clustering analysis 
identified two major groups: Cluster 1 (IR29, FL478, IRGC15388, IRGC15661) and Cluster 2 
(IRTP778, IRGC28609, Pokkali-B, IRGC8948, IRGC108921, IRGC19354, IRGC15238, 
IRGC15602), while one accession, IRGC26869, deviated from the two main clusters. Intra-
accession genetic variability in the four accessions IRTP778, IRGC8948, IRGC26869 and 
Pokkali-B is currently being studied to measure the amount of heterogeneity within each 
accession. 
 
 
 
N 52.  Functional Characterization of SlNhaD1, a Cation/H+ Antiporter from Tomato, and 
Its Implication in Salt Tolerance 
 
Olías R., Li J., Alvarez de Morales P., Eljakaoui Z., Morales S., de Dios Alché J.,  
Benito B., Belver A. 
  
Maintaining a high K+/Na+ ratio in the cell cytosol is a key aspect in plant salt tolerance. In this 
context, K+, Na+, and H+ transporters play a crucial role. We have identified and cloned a 
SlNhaD1 gene from tomato (Solanum lycopersicum L.). Homology-based searches revealed that 
this gene encodes a putative Na+/H+ antiporter. Analysis of the amino acid sequence of 
SlNhaD1 predicted the presence of both a chloroplast transit peptide and a 12-13 
transmembrane domains. Experiments of SlNhaD1-GFP transient expression in Nicotiana 
benthamiana showed the fluorescence mainly localized in several types of plastids present all 
throughout plant organs. Preliminary results of characterization in heterologous system were 
carried out using the E. coli TKW4205 strain, which is deficient in all K+ transporters. In this 
system, the SlNhaD1 protein was able to restore the strain growth under K+-deficient conditions. 
In addition, virus-induced silencing (VIGS) was used for in planta functional characterization of 
SlNhaD1. Phenotype evaluation of tomato plants under saline conditions is being carried out in 
order to determine the importance of this protein in salt tolerance. Our results suggest that 
SlNhaD1 plays an important role in plastid ion homeostasis. 
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N 53.  Polyamines and Proline in Thellungiella halophila L. under Salt and UV-B 
Treatments 
 
Raduykina N., Ivanov Yu., Mappeli S., Kuznetsov V.l.  
  
Thellungiella haophila L. is halophyte and modern model for studying of defense mechanism 
under stress conditions. The pecularities of Th.halophila are the high proline and Na 
accumulations under salt treatment. It has been proposed that polyamines (PA) could take part 
in cellular defense mechanism against oxidative damage. However, it is unkown that PAs are 
the specific players in defense response or the part of common antioxidant defense. We studied 
the changing of PA content and spectrum as well as PA biosynthesis gene exspression in leaves 
and roots of Th.halophila under UV-B 10 min (3 kJ m-2 d-1) or NaCl (100 mM).  Proline was 
accumulated in roots and leaves of Th.halophila under both stress. This allow us to conclude 
that proline affect as antioxidant as well as osmoprotector. The common PA content was also 
higher under both stress in roots and leaves, but NaCl caused the spermidine accumulation and 
UV-B irradiation – putrescine and cadaverine accumulation only in leaves. But increasing of 
proline content, normaly, started after 12 h and kept this tendency till the end of experiment, PA 
accumulation occurred during first 24 h and than PA content slightly decreased. Under NaCl 
treatment in leaves it was observed the high expression level of two key genes – argenine 
decarboxylase and S-adenosylmethionine decarboxylase as comparison with control plants. 
Under UV-B treatment all investigated genes of PA biosynthesis had high expression level. We 
supposed that PAs and proline could reduce the negative effect of oxidative stress which 
accompanies the any abiotic stress. Under UV-B the synthesis of cadaverine  is the specify of 
defense mechanism. 
 
 
N 54.  Drought Resistance Traits of Potato 
 
Tincopa L., Schafleitner R., Gutierrez R., Evers D., Legay S., Lamoureux D., Bonierbale 
M. 
 
Drought is a major limiting factor for crop productivity and in order to sustain food production 
conditions for a growing world population we need to improve yields under water stress. Potato, 
one of the most important food crops, is considered to be drought sensitive, as even short 
drought periods result in yield decline, however germplasm with acceptable yields under 
drought stress is available. Particularly high drought resistance has been found in several 
Andean native potato landraces, which makes them an interesting source of traits for breeding. 
A resistance candidate trait and gene list was established based on physiological field studies, 
microarray expression profiling and metabolite analysis of potato genotypes with contrasting 
drought resistant phenotypes. Traits involved with water stress tolerance included the expression 
of a specific set of transcription factors putatively steering drought stress responses, the 
activation of oxygen radical detoxification, factors involved with chlororespiration that 
presumably protects the photosynthesis apparatus from oxidative stress. Further, we find 
adaptations of the carbohydrate and amino acid metabolism leading to changes in carbon 
partitioning and contributing to osmotic adjustment conferred mainly by sugars and sugar 
alcohols in tolerant accessions. Induction of specific lipid metabolism genes points to membrane 
modifications and activation of chaperones which might contribute to increased water stress 
tolerance of potato.  
On physiological level, improved water uptake led to better yield maintenance under drought 
than decreased stomatal conductance. Presently we make use of the available drought resistance 
traits to design phenotyping methods for breeding and selection of potato with improved yield 
stability under water-limited conditions.  
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N 55.  Salt Stress and Bryophytes – a Comparative Case Study on Survival, 
Morphogenesis and Chlorophyll Content of the Mosses Bryum argenteum and Atrichum 
undulatum in in Vitro Salt Stress Conditions 
 
Bogdanović M., Sabovljević A., Sabovljević M., Grubišić D. 
 
Bryophytes are significant members of all ecosystems except marine. However, some mosses 
can survive sea-water influence or direct salt influence. 
Extensive research has begun to determine mechanisms of plant salt tolerance, having in mind 
economic significance and crop production. Amongst mosses, most are considered non-
halophytes with a certain degree of tolerance. Some non-halophyte mosses show significant 
degree of tolerance compared to non-halophyte tracheophytes, which makes mosses interesting 
for salt stress research. Two species of mosses (Bryum argenteum and Atrichum undulatum) 
were grown on ½ MS media with added sea salt or it’s components: NaCl, MgSO4, MgCl2 and 
KCl (concentrations: 50mM, 100mM, 250mM, 350mM and 500mM), for 3 days or 3 weeks to 
compare short and longterm effect of salt exposure. After given time, morphological parameters 
(survival, presence of protonema and buds, protonemal radius and index of multiplication) and 
concentration of chlorophyll a, b and total, were measured. The longterm exposure to high 
concentrations of all applied salts significantly reduced all morphological parameters in both 
species. High concentrations of all salts showed a negative effect on chlorophyll content, 
however all salts showed more or less stimulatory effect when applied in the lowest 
concentration and in short period of time. In conclusion, these species do not tolerate well salt 
concentrations above 250 mM although there are exceptions in terms of parameters or species 
observed. A. undulatum copes well with short exposure to low concentrations, at times better 
than B. argenteum, but the latter shows a much higher tolerance to unrefined sea salt. 
 
 
N 56.  Promoter-GUS Fusions to Dissect the Complexity of Plasma Membrane Aquaporins 
of Arabidopsis  
 
Batelli G., Lovisolo C., Schubert A. 
 
Aquaporins are channel proteins which facilitate the movement of water across membranes. The 
importance of aquaporins in the response to abiotic stresses such as drought and salinity has 
been documented by studies of chemical inhibition and using antisense plants. 
In Arabidopsis thaliana 35 putative aquaporin genes have been identified, 13 of which belong to 
the subgroup of the Plasma Membrane Intrinsic Proteins (PIPs). The presence of such an high 
number of PIP genes suggests that, despite the high sequence identity of the aquaporins, there is 
a need for dynamic and specific regulation both in time and in space. To uncover the 
peculiarities of expression of the PIPs encoded in Arabidopsis, we have cloned the promoters of 
each of the 13 PIPs into binary vectors to drive the expression of the uidA reporter gene, 
encoding the beta-glucuronidase (GUS) enzyme and generated transgenic plants.  
We found that different aquaporins show specific patterns in terms of tissue-specific expression. 
While PIP 1;2 and PIP2;2 promoters were able to activate the expression of uidA in all the 
tested organs and tissues, GUS staining was observed in specific tissues when other promoter-
GUS fusions were tested. Promoters of PIP 1;1, 1;3, 1;5, 2;2 and 2;7 drove GUS expression not 
only in vascular tissues, but also in the root cortex, while promoters of PIP1;3, 2;5 and 2;8 
seemed to be active in apical regions as well as differentiated tissues. We are now in the process 
of testing the responsiveness of the different promoters to exogenous treatments such as ABA, 
osmotic and salt stress. Results of these analyses will be presented. 
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N 57.  Drought Tolerance and Stomatal Conductivity of Alpine Rhododendron Species 
 
Beikircher B., Obkircher M.-A., Schmid P., Mayr S. 
 
Avoidance of critical water potentials and/or resistance to xylem embolism are key components 
in drought tolerance of woody species. A high plasticity in hydraulically traits enables plants to 
colonise various habitats. 
We analysed drought tolerance and stomata behaviour of alpine Rhododendron species. 
Rhododendron ferrugineum is primarily located at silicate habitats, while Rhododendron 
hirsutum grows on chalky soils. In geologically mixed areas also a hybrid form Rhododendron 
intermedium occurs. Measurements were done on geologically uniform habitats (silicate, 
limestone) and on a geologically mixed site, which was situated in an area with permanent high 
soil humidity. Vulnerability analyses were done with a pressure chamber (PMS Instrument 
company, USA) and the Sperry apparatus, stomatal conductivity was measured with a 
Porometer (AP4, Delta-T Devices Ltd, Cambridge, UK). Additionally, several anatomical 
parameters were analysed.  
In R. ferrugineum and R. hirsutum, water potential at 50% loss of conductivity (Ψ50) was 
significantly lower at geologically uniform sites (-3.01±0.14MPa and -3.23±0.14MPa) than at 
the mixed site (-2.51±0.08MPa and -2.19±0.07MPa). Water potential at stomata closure (Ψsc) 
differed only little between uniform (-2.12±0.21MPa and -1.74±0.08MPa) and (-1.98±0.36MPa 
and -1.06±0.37MPa) sites. R. intermedium showed lowest drought tolerance (-1.8±0.08MPa) 
which was correlated to anatomical parameters (cell wall reinforcement, conduit diameter, 
density).  
Data show high inter- and intraspecific differences in Ψ50, but only low intraspecific plasticity in 
Ψsc. R. hirsutum is best adapted to survive on dry limestone sites due to its low vulnerability 
thresholds and high safety margins (Ψsc-Ψ50). In the course of hybridisation, a less drought 
tolerant form was developed, which probably can only grow on humid sites.  
 
 
N 58.  Genotypic Variation for Drought Tolerance in Sugarcane   
 
Basnayake J., Lakshmanan P., Jackson, P., Inman-Bamber, Berding N. 
  
Efficient use of water is becoming a major determinant of irrigated and non-irrigated sugarcane 
production in Australia. About 60% of the Australian sugarcane production is irrigated. 
Recurring drought is one of the major factors affecting sugarcane crop productivity. Although 
water use efficiency through drought tolerant cultivars could contribute to a more profitable, 
stable and sustainable sugar industry, improving cane productivity under water-limited 
conditions has never been addressed within sugarcane breeding programs in Australia. We 
investigated the phenotypic and genetic variations of important drought resistant traits in a 
genetically diverse sugarcane population and their contribution towards productivity. Field 
experiments were conducted under rainfed, fully irrigated and imposed drought conditions at 
two locations in the sugarcane growing region. The mid-day Stomatal Conductance (SC) and 
Canopy Temperature (CT) were measured several times during the stress treatment while 
Relative Water Content (RWC) was measured at the end of the stress period. Initial 
observations showed significant genotypic variation for SC, CT and RWC.  Genotypic variation 
for yield and sugar was also identified and the test clones showed different degree of 
susceptibility for Commercial Cane Sugar (CCS) and yield. SC and RWC showed phenotypic 
and genetic correlation with yield and sugar reduction under drought conditions. Further 
investigations on the phenotypic and genetic variation of these traits and their contributions 
towards productivity are being continued for ratoon crops in 2008/09 season.  
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N 59.  Salt Stress Increased Terpenoid Concentration and Expression of Terpenoid 
Synthase Gene in Mangrove Plants 
 
Basyuni M., Baba S., Iwasaki H., Oku H. 
 
The halophyte mangrove plants are ideal model for studying the molecular mechanisms of 
salinity tolerance. The response of mRNA expression to salt stress of four oxidosqualene 
cyclase (OSC) genes namely, KcMS multifunctional triterpene synthase and KcCAS cyloartenol 
synthase (from Kandelia candel), BgbAS �-amyrin synthase and BgLUS lupeol synthase 
(Bruguiera gymnorrhiza) was studied. The seedlings of mangroves were grown under varied 
salt concentration for 4 months. These seedlings were then divided into two treatment groups, 
and grown for another 4 months: one continuously in salt solution and another in fresh water. 
The expression level of terpenoid synthases was measured using real time PCR. mRNA level of 
KcMS was increased with salt concentration in both roots and leaves of K. candel, but largely 
constant with freshwater conditions. Similarly, salt stress increased the mRNA levels of BgLUS 
and BgbAS in the root of B. gymnorrhiza and this increase was returned to the original level 
after changing the salt solution to fresh water. This result suggests that the function of 
terpenoids in root is associated with the salt tolerance. In contrast to these observations, the 
mRNA level of KcCAS was not modulated by salt stress in the roots either salt-treated or 
freshwater, and decreased in the leaves. Consistent with our previous finding, the concentration 
of terpenoids increased with salinity in K. candel and B. gymnorrhiza seedling, providing 
additional evidence for the protective role of terpenoids. In conclusion, our findings suggested 
that the terpenoids but not phytosterols contributes to the salt tolerance of these plants probably 
by changing the physicochemical property of the cell membrane. 
 
 
 
N 60.  Effects of Drought Stress and Microelements on Corn (Zea mays L.) 
 
Darvish Balouchi M., Paknejad F., Kashani A., Ardakani M. 
 
In order to investigate of yield and yield components of corn, an experiment has been done 
research field of faculty of agriculture and natural resources of Islamic Azad University - Karaj 
in 2007. Experimental design was split block in form of Complete Randomized Block design. In 
this study, drought stress considered in three levels 40%, 60%, 75% base of depletion soil 
moisture as main factor and microelements in three levels 0, 3, 5 lit/ha .Measured characters 
were grain yield, HI, Biomass, 1000 seed weight, grain number in row, grain number/ear and 
row number/ear. Results showed that the stress effects on  many traits was significant while 
increase in stress intensity caused decrease in grain yield, HI, biomass, 1000 grain weight, grain 
number/rows, grain number/ear and  rows number/ear. The lowest grain yield (200.57 g/m2) 
obtained in 75% soil moisture depletion treatment. Effects of microelements were not 
significant, but have been decreased for all of the traits. Interaction effects were significant 
between drought stress and microelements on grain yield and yield components, as Usage 
microelements in 60% depletion soil moisture increased grain yield.    
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N 61.  Krakow Urban Trees Response to Sodium Chloride Salinity and pH Of Soil 
 
Bach A., Pawlowska B. 
 
Abiotic stress factors influencing plants in urban areas seriously change physiological and 
biochemical processes in trees, thereby leading to morphological anomalies, growth 
disturbances and developmental aberrations, decreasing their ornamental values. Because of a 
mass dieback of trees in the center of Cracow, one of the oldest historical city in Poland, we 
conducted studies of an impact of abiotic factors on the urban green areas.  
Detailed observation of the condition of trees (Acer platanoides, Acer pseudoplatanus, Fraxinus 
excelsior and Tilia cordata, T. x europaea) along the transportation routes of Krakow 
demonstrated similar damage in all these species: necrotic browning of leaves observed in 10 to 
80 % of the leaves or premature leaf drop, branch dieback. Frequently as much as 80-90 % of 
twigs and branches were dried. Often fallen leaves were replaced by new ones, however, with a 
smaller surface of the leaf blade (20-30% decrease in leaf area). The changes in anatomy of 
normal and damaged leaves, as well as differences in fluorescence of chlorophylls  were 
observed. 
The phytopathological and entomological analysis of the examined leaf samples excluded an 
influence of any living organisms. The results of the analysis of the soil samples collected from 
beneath the damaged trees showed that it was highly salinated, from 0.500 to 0.800 mS cm-1. It 
was also determined that there was a high alkaline pH value of the soil of about  8-10. 
The mass damages to the trees along the transportation routes in the center of Cracow are 
caused by the destruction of soil as the environment of root growth, in particular its excessive 
salinity and alkalization.  
 
 
N 62.  LEA Proteins and Dehydrins in Recalcitrant Horse Chestnut Seeds 
 
Azarkovich M.I., Gumilevskaya N.A. 
 
Stress-induced proteins – dehydrins belong to proteins of late embryogenesis (LEA proteins). In 
orthodox seeds, the development of which at the final stage is associated with genetically 
determined drying LEA proteins (and dehydrins) are synthesized. These proteins are supposed 
to protect cells from water loss; they can behave as molecular chaperones. LEA proteins are 
induced by osmotic or cold stress, by exogenous ABA. Practically all LEA proteins are water-
soluble hydrophilic heat-stable and unfolded proteins. The study of recalcitrant seeds is of great 
interest. On the one hand these seeds produce LEA proteins and on the other hand they are 
sensitive to desiccation. The horse chestnut (Aesculus hippocastanum L.) seeds are not tolerant 
to dehydration but they are resistant to long chilling stress. We demonstrated earlier that horse 
chestnut seeds heavily accumulate soluble heat-stable polypeptides, representing almost 30 % of 
total protein in axes and 80% in cotyledons. In our work dehydrins were identified by SDS-
PAAG electrophoresis and Western blot analysis in cytosolic protein fraction of horse chestnut 
seeds. Dehydrins were revealed in heat-stable fraction as one line with mol wt near 50 kD. We 
did not find dehydrins in low molecular weight proteins which are dominant in heat-stable 
protein fraction. We found dehydrin in all parts of embryo – axes, cotyledons, and cotyledonary 
petioles. Dehydrins were revealed in seeds during stratification and radicle emergence. At early 
germination, when the content of heat-stable proteins in embryos decreased, relative quantity of 
dehydrins decreased too. In some cases we found dehydrin-like proteins in termolabile cytosolic 
protein fraction. Dehydrins are believed to protect seeds not only against desiccation, but also 
against chilling stress, that may be the case in horse chestnut seeds, although dehydrin-like 
proteins comprise only a small portion of the LEA proteins in recalcitrant seeds.  
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N 63.  Influence of Drought Stress on Photosynthesis in Representative Species of the 
Genus Panicum 
 
Alfonso S.U., Brüggemann W. 
 
Drought stress is one main environmental factor limiting photosynthesis of plants and due to the 
climate change drought problems in the world’s agriculture will increase. C4 plants have a great 
economic significance as crops and weeds. Panicum is one of the few plant genera, which 
includes C3-, C3/C4- and all three subtypes of C4-plants and is thus a good model to compare 
drought stress effects in phylogenetically related species with different metabolic subtypes.  
Drought stress was induced both in soil grown plants and by the application of different PEG 
concentrations in hydroponically grown plants. In all examined species (C3: P. bisulcatum, 
NADP-ME: P. bulbosum, NAD-ME: P. miliaceum, PCK: P. maximum), drought stress leads to 
a decrease of growth and of net photosynthesis. The slightly increasing energy-depend PSII 
chlorophyll fluorescence quenching parameter qE and the determined deepoxidation state of the 
xantophylle-cycle, indicates an adaptation of the violaxanthin deepoxidase under drought stress 
conditions. 
Photosynthesis/CO2-curves indicate a nonstomatal limitation of photosynthesis and this is 
attended by the observed decreasing photochemical chlorophyll fluorescence quenching 
parameter qP under drought stress conditions. However, in vitro activities of PEPC and several 
other C4 enzymes were measured in control and drought stressed plants and can be excluded as 
limiting factors for photosynthesis, indicating feedback or regulatory inhibition of 
photosynthesis in vivo in the drought-stressed plants. 
 
 
 
N 64.  Molecular Bases of Acclimation and Adaptation to Water Deficit in Poplar Leaves 
 
Cohen D., Hummel I., Le Thiec D., Dreyer E., Bogeat-Triboulot MB. 
  
In temperate zones the global change will include a decrease of summer precipitations inducing 
longer and more severe drought episodes. Transcriptional regulation plays a major role in 
regulating many biological processes, we looked for gene expression networks related to 
drought stress. The final aim is to identify candidate genes for water deficit acclimation and/or 
adaptation in poplar, a model tree species. 
The transcriptome of two Populus deltoides x nigra genotypes of contrasted tolerance to water 
deficit (Carpaccio and Soligo) were analysed in young mature leaves, at various stages and 
intensities of stress. Four watering treatments were applied: control (CTL) watered to field 
capacity six-times a day; early response to water deficit (EAR): watering was stopped 30h 
before harvest; and acclimated response to mild (AMI) and to moderate (AMO) water deficit. 
The latter two stress levels were low enough so primary and secondary growth were reduced but 
not stopped. Mature leaves were harvested and their transcriptome analysed using whole-
genome microarray (GeneChip Poplar Genome Array, Affymetrix). 
The physiological responses to water deficit confirmed the higher tolerance of the Carpaccio as 
compared to the Soligo genotype. On the other hand, the transcriptomic results show strong 
cultivar specificity in optimal watering conditions as well as in water deficit treatments. 
Analyses of the responses allowed us to confirm potential drought markers and to identify 
candidate genes for drought tolerance. 
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N 65.  Tetraploidy and Tolerance to Environmental Stresses in Citrus 
  
Morillon R., Allario T., Wafa Mouhaya, Sajjad Hussain, Jaffuel S., Colmenero J. M., 
Iglesias D., Juarez J., Jose Antonio Pina, Talon M., Navarro L., Ollitrault P. 
 

Water shortage and salinity of soils are the two main abiotic constraints that affect the growth 
and yield in citrus. When grown in control condition, tetraploids have been shown to be slow 
growing plants. We observed that tetraploid rootstocks are more tolerant to water deficit than 
diploids. As well, the tolerance is maintained when tetraploid are grafted with a diploid scion. 
Our work suggests that the greater tolerance is linked with a more efficient regulation of gas 
exchanges in tetraploid mediated by a greater ABA biosynthesis in citrus tetraploid. 
Characterization of genomes expression is currently performed by using microarrays and real 
time PCR.  
Citrus trees are very sensitive to salt stress: sensitivity is mostly dependant of the leaf chloride 
accumulation but not to sodium. In salt stress condition, we showed that citrus tetraploids 
rootstocks were more tolerant than the respective diploid genotypes. However, our results 
suggest that the better tolerance of polyploids to salt stress mainly depends of their ability to 
regulate their transpiration stream and then to reduce the chloride transport to the leaves. 
Investigation of candidate genes expression by real time PCR corroborates this proposition.       
 
 
 
N 66.  RGGA is a Novel RNA-binding Protein Involved in Plant Response to Water Deficit 
 
Ambrosone A., Costa A., Leone A., Grillo S. 
 
RNA binding proteins have been involved in the responses to different exogenous signals, 
including abiotic stresses, but their biological functions in stress adaptive mechanisms remain 
largely unknown. A gene coding an RNA binding protein (rgga, FM209282 ) was previously 
identified by microarray analysis among the genes highly expressed in potato cells adapted to 
long-term water stress. To get insight into the biological role of rgga in plant stress response, a 
functional study of the homologous gene (Atrgga) was performed in Arabidopsis. Bioinformatic 
analysis evidenced that Atrgga codes for a RNA-binding protein of 355 aa containing two RGG 
box domains. Similarly to the potato gene, Atrgga expression is regulated in response to 
different exogenous treatments (ABA, NaCl, PEG) in both cell cultures and young plants.  
Histochemical localization of  rgga promoter-driven GUS expression revealed  a strong rgga 
expression in guard cells and in vascular tissues. RGGA-YFP fusion protein was localized 
prevalently in the cytoplasm and in the perinuclear region with no evidence of protein 
accumulation in root meristematic cells. Transgenic Arabidopsis plants constitutively over-
expressing rgga exhibited osmotic stress tolerance with high plant survival rates under stress 
conditions. Inversely seed germination and plant growth of rgga knockout mutant were severely 
affected by osmotic stresses. These data taken together provide compelling evidence that RGGA 
affects the growth and stress tolerance of Arabidopsis plants under high salt and drought stress 
conditions, suggesting an important role in the complex machinery of plant adaptation to 
osmotic stress. 
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N 67.  The Effect of Drought on Gases Exchange in Leaves of Cauliflower  
 
Hnilicka F.,  Hejnak V., Koudela M., Martinkova J., Hnilickova H. 
 
The aim of the experiment: The growing of cauliflower is the uneven distribution of 
precipitation during their vegetation period and the consequent drought. The negative effect of a 
drought can be alleviated by the application of the brassinosteroids. The aims of trial was 
acknowledge of influence 24-epibrassinolide on gaze exchange by cauliflower under stress. 
Methods: We have monitored of LCpro+ (ADC Bio Scientific Ltd.) the gaze exchange in 
cauliflower cv. Chambord F1. The plants were cultivated in four versions of the field 
experiment –irrigation control and no irrigation stressed version and combination with 24-
epibrassinolide. The 24-epibrassinolide was applied in the form of a spray at the 19.BBCH in 
concentration of 10-9 M.  
Results: The lowest photosynthesis was in the stressed plants (15.44 μmol CO2.m-2.s-1) and the 
highest was in the control (16.49 μmol CO2.m-2.s-1). The lowest transpiration was identified in 
the stressed plants: 2.74 mmol H2O.m-2.s-1 and the highest transpiration was in the control. The 
application of phytohormone raised of photosynthesis about 0.67 μmol CO2.m-2.s-1 and reduced 
to transpiration (about 0.36 mmol H2O.m-2.s-1) by stressed plants. 
Conclusion: The application of 24- epibrassinolide raised of photosynthesis by control and 
stressed plants, and decreased of transpiration by stressed plants. The rate of photosynthesis and 
transpiration was lowest in leaves from stressed plants in comparison with control plants.  
 
Support: The grant MEYS No. 6046070901 and NAZV QH81110. 
 
 
N 68.  The Physiological Response to Water Stress of Plants Grown in Pots, in the Field 
and in Hydroponics 
  
Martínez-Fernández D., David J. Walker  
 
Bituminaria bituminosa (L.) C.H. Stirton (Fabaceae) has several current and potential uses: (i) 
Forage crop; (ii) Phytostabilisation of heavy metal-contaminated or degraded soils; (iii) 
Synthesis of furanocoumarins, compounds of wide pharmaceutical interest. In water-limited 
environments such as southern Spain, these applications require varieties with tolerance of both 
prolonged summer drought and shorter dry periods in the rest of the year. Understanding the 
mechanisms of drought tolerance will assist in the selection of varieties suitable for these uses. 
Three types of experiments were carried out to evaluate these mechanisms in Spanish varieties 
of B. bituminosa which contrast in their drought tolerance. A pot assay was performed under 
controlled conditions (22-26 ºC), followed by a summer field assay (temperatures of up to 40 
ºC) and hydroponic culture under controlled conditions, imposing water stress with 
poly(ethylene glycol). We determined water relations (Ψw, Ψπ, osmotic adjustment, etc.), solutes 
accumulation (proline, total amino acids, sugars, starch, cations) and growth (percentage of 
well-watered plants).  
Based on the pot assay and initial analyses of the field assay, the sensitive varieties had higher 
values of proline than tolerant varieties. In the field, despite the higher temperature and greater 
drought duration, the plants appeared to suffer less stress than the pot-grown plants, judging 
from the indicators of water stress, presumably due to the greater root depth. Moreover, proline 
in field-plants did not rearch values as high as in pot-plants at the same tissue Ψw, reflecting a 
possible negative effect of proline accumulation at high temperature. 
These results will be completed and compared with those of the hydroponic assay which is 
currently in progress. 
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N 69.  Hydrogen Peroxide is Involved in the Acclimation of the Mediterranean Shrub, 
Cistus albidus L. to Summer Drought 
 
Jubany-Marí T., Munné-Bosch S., López-Carbonell M., Alegre L. 
 
It was evaluated the role of hydrogen peroxide (H2O2) in the acclimation of a Mediterranean 
shrub, Cistus albidus L, to summer drought growing under Mediterranean field conditions. For 
this purpose, and throughout a year, changes in H2O2 concentrations and localization, abscisic 
acid (ABA), ascorbate (AA) and oxidative stress markers were analyzed. Lignin accumulation, 
xylem and sclerenchyma differentiation and leaf area were also studied. During the summer 
drought, leaf H2O2 concentrations increased 11-fold, reaching values of 10 μmol g-1 DW. This 
increase occurred mainly in mesophyll cell walls, xylem vessels and sclerenchyma cells in the 
differentiation stage. An increase in ABA concentrations levels preceded that of H2O2, but both 
peaked at the same time in conditions of prolonged stress. C. albidus plants tolerated high 
concentrations of H2O2 because of its localization in the apoplast of mesophyll cells, xylem 
vessels and in differentiating sclerenchyma cells. The increase in ABA and consequently of 
H2O2 in plants subjected to drought stress might induce a 3.5-fold increase in AA, which 
maintained and even decreased its oxidative status, thus protecting plants from oxidative 
damage. After recovery from drought following late-summer and autumn rainfalls, a decrease in 
ABA, H2O2 and AA to their basal levels (ca. 60 pmol g-1 DW, ca. 1 μmol g-1 DW and ca. 20 
μmol g-1 DW) was observed.  
 
 
 
N 70.  Potassium and Prolin Content in Hop (Humulus lupulus L.) Leaves as Markers for 
Drougt Stress 
 
Majer D., Ceh B., Cerenak A. 
 
In changing climatic conditions where drought years are more frequent it is important that more 
tolerant hop varieties to abiotic stresses are planted in our pedo-climatic conditions. For a global 
hop industry establishing stable quantities of quality hop yields is very important. In our 
research 9 hop genotypes were observed in pot and field trials during 2 years including well 
established hop varieties from Slovenia, Germany and Republic of South Africa as well as wild 
hop from ex-Yugoslavia was included. Potassium and prolin content in hop leaves and quantity 
and composition of essential oil in cones were analyzed in plants exposed to different water 
regimes. Potassium and prolin contents in leaves were relatively good pointers for drought 
stress. Higher potassium and prolin contents were detected in hop leaves in the conditions of 
drought stress compared to the adequate water supply as it was expected, but the values differed 
regarding to genotype. The preliminary investigation pointed out biochemical markers that 
could contribute to faster selection for drought tolerant hop varieties in lengthy hop breeding 
programs and more tolerant hop varieties to drought stress were indicated. 
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N 71.  Effect of Drought Stress and Methanol on Yield and Yield Components of Soybean 
Max (L17.) 
 
Mirakhori M., Paknejad F., Moradi F., Ardakani M.R., Nazeri P., Shahbaz panahi B. 
 
In order to evaluate drought stress and methanol on yield and yield components of soybean in 
field experiments with factorial experiment inform of a randomized complete block design with 
three replication in field faculty of agricultural of Islamic Azad university Karaj, at 2008. First  
factor were sprayed aqueous solutions 0(control),7,14.21,28 and 35%(v/v) methanol by 3 times 
during growth season of soybean with 12 days intervals on shoot of soybean . Second factor 
were drought stress condition in two levels 40%,70% base of depletion available soil moisture. 
In this study were measured grain yield, biomass HI, 1000 grain weigh, high plants, number of 
branch, diameter of stem, number of pod on plant, number of hollow pod. Results of the 
experiment indicated that significant differences exist (p>0.05) between sprayed of solution 
methanol on parameters. Results also showed that  was significant(p>0.05) differences between 
effect of drought stress levels on measured parameters. effect of aqueous solution 
14,21and28%(v/v) methanol on measured parameters was greater than other treatments. Foliar 
application of 14 and 21,%(v/v) methanol increased leaf area index, crop growth rate, pod 
growth rate, leaf area duration ,pod yield ,seed yield, weight of1000 kernel, mature pods per 
plants. The lowest grain yield obtained in control and35% (v/v) methanol treatments. Interaction 
effects were not significant. 
 
 
 
N 72.  Alleviation of Drought Stress in Maize by Liming  
 
Kovačević V. ,  Lončarić  Z., Rastija D.,  Šimić D. 
 
Weather conditions, especially precipitation and temperature regimes, have important role in 
yield formation. For example, maize yields in Croatia in the least 15-year period (1993-2007) 
for three less favourable years (LFY: 2000, 2003 and 2007) were considerably lower than in 
three more favorable  (MFY: 1997, 2002 and 2005) years (means 4.24 and 6.31 t/ha, 
respectively). Drought stress and the higher air-temperatures  are main responsible factors of the 
lower maize yields in LFY. For example, precipitation  in 3-months period June-August (Osijek 
Waether Bureau) was in LFY for 64 % lower than in MFY (means 110 mm and 304 mm, 
respectively). At the same time, air-temperatures were for 2.2 oC higher (means 22.9 and 20.7 
oC, respectively). Alleviation of drought stress is possible by adequate soil management 
practice, especially by limig. For example, by using 45 t of carbocalk (waste of sugar factory) in 
autumn of 2000 (Sopje, Virovitica-Podravina County) resulted by maize yield increase under 
drought stress conditions of 2003 for 50% (6.63 and 4.42 t/ha, respectively). Also, by 
application of 5 t/ha of hydratized calcite (73% CaO + 2-3% MgO + 21% of bound water)  
(Podgorac, Osijek-Barannya County) maize yield under drought stress of 2007 was increased 
for 26% (5.97 and 7.55 t/ha, for control and 5 t/ha lime, respectively). Hydratized dolomite 
(47% CaO + 34% MgO) application in spring of 2005, increased maize yield in Gradiska area 
(RS, Bosnia & Herzegovina)  for 43% (drought stress in 2007: 3.99 and 5.69 t/ha, for control 
and 10 t/ha of  lime, respectively).  
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N 73.  Phenotyping Cowpea Recombinant Inbred Lines (RILs) for Drought Tolerance 
 
Agbicodo E.M., Fatokun C., Muranaka S., C. Gerard van der Linden, Visser R. 
 
Cowpea [Vigna unguiculata (L.) Walp] is one of the most important food legumes grown in the 
drier regions of the tropics and sub-tropics where drought is a major production constraint due 
to low and erratic rainfall. Although cowpea is inherently more drought tolerant than other crops 
grown in these regions, it still suffers considerable damage due to frequent drought.  
Stomatal conductance is thought to be important for minimizing yield reduction under drought. 
This study examines the relationship between stomatal conductance (gs) and relative water 
content (RWC) to cowpea grain and fodder yield in terminal drought conditions in a RIL 
population (DanIla x Tvu7778). The traits were examined in two regions in Nigeria with 
different soil and climatic conditions.  
Under irrigated conditions, gs and RWC did not vary significantly. However, there is highly 
significant variation of stomatal conductance within RILs under drought with high heritability 
(h2=0.85) in Kano (poor soil, low humidity). Similar effects were observed in Ibadan (richer 
soil, high humidity) but at much lower heritability and significance. Remarkably, RWC did not 
vary between RILs in both locations. The parents showed a highly significant correlation 
between gs and yield; the correlation is much less significant within RILs in Kano and no 
correlation was present in Ibadan. Grain and fodder yield are significantly correlated. 
We conclude that stomatal conductance is a relevant trait for cowpea drought tolerance 
breeding, but that Genotype x Environment interaction should be minimized. The Kano stomatal 
conductance data are suitable for QTL analysis. For this, multiple SNP markers are currently 
produced for the RIL population. 
 
 
 
N 74.  Interactive Impact of Drought and High Temperature on Photochemistry Efficiency 
of Carob Tree Seedlings 
 
Osório M.L., Osório J.,  Romano A. 
 
The aim of this study was to assess the effects of predicted future climate changes on the 
response of carob tree (Ceratonia siliqua, L.) to abiotic stresses. To this end, plants were grown 
in controlled chambers and exposed to water stress (WS) and high temperature (HT) singly or in 
combination. Spatial-temporal changes were examined by imaging chlorophyll fluorescence in 
four leaf areas, two central and two external. New fluorescence parameters based on the lake 
model were used to determine QA redox state and excitation energy fluxes, in order to gain a 
better understanding of the mechanisms that occur under WS and HT. Chlorophyll fluorescence 
images under high temperature showed spatial-temporal changes of light utilization and 
photosynthetic activity over leaf surface of water-stressed-plants. Under optimum temperature a 
more homogeneous pattern was evident pointing to minor effects of drought in these conditions. 
Significant differences on maximum (Fv/Fm) and on effective quantum yield (φPSII) of PSII 
photochemistry were only visible under WS HT. These results point out to distinct strategies 
for dissipating excess energy in different treatments. In the well-watered plants safe dissipation 
of excess energy was facilitated via an equilibrium between regulated (�NPQ) and non-regulated 
or constitutive (�NO) heat dissipation. In water-stressed-plants this balance was adjusted 
exclusively by �NO. In conclusion, increased air temperature exacerbates the negative impact of 
water stress in photosynthetic capacity of carob tree. 
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N 75.  Role of N-Glycan Processing in Arabidopsis thaliana Salt Stress Tolerance 
 
Veit C., Strasser R. 
 
N-glycosylation is an abundant protein modification in all eukaryotic cells. The biosynthesis 
and processing of protein N-linked glycans results from a series of highly co-ordinated step-by-
step enzymatic conversions occurring mainly in the endoplasmic reticulum (ER) and Golgi 
apparatus. The majority of plant proteins, which are transported through the ER and contain the 
conserved N-glycosylation site (Asn-X-Ser/Thr) are predicted to be N-glycosylated. 
In the last ten years we have identified and characterised almost all enzymes of the N-glycan 
processing pathway in A. thaliana [1-3]. Single, double and triple knockouts of the involved 
enzymes resulted in drastic changes in the overall N-glycosylation profile without having any 
detectable effect on plant morphology or development under standard growth conditions. These 
data are in contrast to mammals where Golgi processing of oligomannosidic to complex N-
glycans is absolutely required for normal development. Recently it was found that A. thaliana 
plants, which completely lack complex N-glycans, exhibit root growth arrest and radial swelling 
when exposed to salt stress [4]. We are now investigating the functional relationship between 
salt tolerance and N-glycan processing more in detail. For this purpose we are analysing the 
salt-sensitivity of A. thaliana mutants, which display well-defined N-glycan profiles, to identify 
glycoforms that are critical for salt tolerance in A. thaliana. 
 
 
 
N 76.  Intraspecific Variation of the Effect of Salinity on Photosynthesis in Tomato and 
Lettuce 
 
Sánchez M., Lluch Y., Martínez L., Renau B., Pallotti C., Molina RV., Guardiola JL., 
Nebauer SG. 
 
Background: The response to salinity strongly depends on the cultivar. Little is known about the 
primary keys of regulation of photosynthesis in the response to salt stress and its relation to the 
intraspecific variation. The effect of salinity on photosynthesis was compared in the present 
work in several cultivars of tomato and lettuce. 
Methods: Intraspecific variation in the sensibility to salt stress by magnesium (MgCl2 and 
MgSO4) and sodium (NaCl and Na2SO4) salts on photosynthesis was evaluated in hydroponic 
cultures in Trocadero and Romana cultivars of lettuce, and RAF, Leader and Daniela of tomato. 
Results: The lower salt concentration we used (25 mM) reduced significantly photosynthesis 
and this reduction increased with salt concentration. The stomatal conductance was tightly 
correlated with the osmolarity of the solution, resulting in a reduction in CO2 diffusion. 
However, additional effects were also observed as Mg was more toxic than Na, and a reduction 
in the maximal quantum efficiency was reported in some treatments. Trocadero, among lettuce, 
and RAF, among the tomato, showed the highest tolerance to Na salinity. Conclusions: The 
decrease in net CO2 fixation rate was mainly due to difussive limitations although a phytotoxic 
effect of the assayed salts was observed at high concentrations. A strong influence of cultivar in 
tolerance to salinity was demonstrated 
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N 77.  Response of Soil Respiration in Lemon ‘Fino 49’ Trees during Drought Stress and 
Recovery 
 
Robles J.M., Pérez-Pérez J.G., García-Oller M.I., Rabadán M., Botía P. 
 
Soil respiration is considered a combination of microbial decomposition and root respiration. In 
drip-irrigated crops the greater concentration of roots in the irrigated part of the soil increases 
the root respiration contribution to the soil respiration. The aim of this work was to evaluate the 
response of the soil respiration of 13-year-old ‘Fino 49’ lemon trees grafted on Citrus 
macrophylla under drought stress and recovery, and to compare it with plant water relations and 
gas exchange parameters. The experiment was carried out in an orchard located in Torre 
Pacheco (Murcia, South-eastern Spain). Two irrigation treatments were applied, a control 
(100% Etc) and drought stress (DS) - which consisted of the suppression of irrigation for 47 
days, starting in mid-May. The soil respiration area studied was 1.5 m parallel to and 0.75 m 
perpendicular to the drip-line, with respect to the trunk. During the non-irrigation period, mean 
soil water content (0-40 cm) (θv) was reduced significantly and, consequently, so were the 
midday stem water potential (Ψmd) and gas exchange parameters. At the point of maximum 
stress, DS reduced mean values of soil CO2 flux compared to control soil (41% less). After 
recovery, values of Ψmd and gas-exchange for the DS treatment were similar to those of the 
control treatment. A similar response between treatments was found in soil CO2 flux. In drought 
stress conditions, soil CO2 flux was significantly and positively correlated with plant water 
status parameters, the most important being Ψmd, θv and transpiration rate. 
 
 
 
N 78.  Effect of Drought Stress and Irrigation Methods on Corn (Zea mays L.) Yield and 
It's Components 
 
Paknejad F., Vazan S., Jamialahmadi M. 
 
An experiment were carried out under drought stress condition and two irrigation methods were 
used to evaluation of yield and its components of SC704 and SC647 corn varieties. A random 
complete block design with tree replicates as split plot were used at agricultural research farm of 
Karaj Islamic Azad University (35°43´ N latitude, 50° 56´E longitude, 1160m altitude) in 2006 
and 2007. Main plots consisted drought treatments which were applied in 40%, 60% and 75% 
levels of soil water loss and irrigation methods in 2 levels (Irrigation of all furrows and 
irrigation furrows alternately). Two corn varieties also used as a sub plot treatments. Results 
showed that drought stress had significant effect on yield and its components and sever water 
stress caused to 37% reduction in yield. Irrigation methods didn’t have significant effect on 
grain yield however interaction effects had significant difference. SC647 was more successful in 
irrigation of all furrows completely but SC704 produced more yield in irrigation furrows 
alternately. SC704 produced yield more than SC647 in water deficit condition when all furrows 
were irrigated. There was significant correlation between grain yield and biomass, grain weight 
(r=0.67), grain number in cob row, grain number in cob (r=0.72), plant height and also 
inoculated part of cob negatively (r=-0.76).   
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N 79.  Physiological Traits Associated with Drought Tolerance in the Field: Streamlined 
Techniques to Gather High Quality Phenotypic Data from Large Populations 
 
Ober E.S., Chris JA Clark, Perry A. 
 
Genomic methods and genotyping techniques are rapidly advancing, but the ability to 
phenotype large populations and obtain good quality data often limits progress in genotype-
phenotype association work. This is especially true for quantitative traits such as drought 
tolerance and water use efficiency (WUE). A further complication is that QTLs identified in 
laboratory screens often cannot be replicated in the field. To address these challenges, we have 
been streamlining techniques for measuring plant morphological and physiological traits under 
large-scale managed drought and irrigated conditions in the field in order to identify useful 
selection criteria for drought tolerance and WUE in sugar beet and winter wheat. In one 
experiment, 200 sugar beet testcross hybrids were screened for carbon isotope discrimination 
ratio, leaf mass:area ratio and photosynthetic efficiency using chlorophyll fluorescence. 
Genotypes showing extreme values were selected for further field tests to confirm the 
phenotypes. In another experiment, 120 winter wheat lines were grown under large rainout 
shelters to identify appropriate parents for biparental mapping populations and to test the 
strength of association between a suite of secondary traits such as stomatal conductance and 
duration of green canopy cover with drought tolerance and WUE. Depth of rooting and patterns 
of soil water extraction were also measured on a subset of 21 lines. Techniques to rapidly, 
accurately and cheaply gather phenotypic data and novel ways to interface field instrumentation 
with handheld computers are described. Multivariate statistics (genotype and genotype x trait 
interaction biplots) are used to reduce the datasets and portray the important interrelationships 
between traits, genotypes and years.  
 
 
 
N 80.  Expression Analysis of a Gene Encoding a Putative Osmosensor in Populus  
  
Bertheau L., Depierreux C., Chefdor F., Héricourt F., Auguin D., Brignolas F., Morabito 
D., Carpin S. 
 
Poplar response to water deficit is one of the major concerns about poplar culture. This 
constraint is perceived by the plant cell as a change in osmotic pressure. The osmosensing 
pathway has been studied in Arabidopsis thaliana for which the existence of a multi-step 
phosphorelay involved in this process has been revealed. In Populus, we identified a cDNA 
encoding a Histidine-aspartate Kinase, HK1. The HK1 protein sequence deduced from the 
cDNA, shows similarities to sequences of both multi-step phosphorelay osmosensors: ATHK1 
from A. thaliana and SLN1 from Saccharomyces cerevisiae. In order to determine if HK1 could 
be involved in the osmotic constraint perception in Populus, we decided to study the regulation 
of HK1 expression in poplar callus under abiotic stresses or phytohormone treatments using 
relative RT-PCR technique. We have shown that HK1 expression is strongly downregulated 
after 15 min of an osmotic stress by the addition of 250 mM NaCl. Besides a downregulation of 
HK1 has been induced with the addition of ABA (10 μM) and Zeatin (5 μM) after 5 and 15 min.  
These results are in favour of a different regulation of the HK1 gene in Populus compared to its 
homologue in A. thaliana and suggest a particular regulation of HK1 in a woody plant compared 
to an herbaceous plant. 
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N 81.  Winter at the Alpine Timberline: Variation of Drought Stress and Xylem Embolism 
in Picea abies 
 
Charra-Vaskou K., Schmid P., Mayr S. 
 
Trees at the alpine timberline are subjected to extreme conditions. During winter, frost-drought 
can lead to low water potentials (ψ) and consequently cause xylem embolism. In this study, 
within-tree patterns of ψ and percent loss of conductivity (PLC) were analysed. 
Several trees of Picea abies L. Karst were harvested between February and August at Birgitz 
Köpfl (European Central Alps, Tirol, 2035m) to analyse ψ (pressure chamber, PMS Instrument 
company, USA) and PLC (Sperry apparatus) in different parts of the crown.  
Within studied trees, higher ψ and lower PLC were observed in stems. South exposed twigs 
showed higher and snow covered twig lower PLC. Mean ψ increased with tree size while PLC 
decreased and lowest ψ and highest PLC were found in midwinter. In late winter and spring, ψ 
increased and PLC decreased, whereby basal twig sections refilled after distal sections. 
The pattern of drought stress within Picea abies trees was influenced by tree size, twig 
exposition, hydraulic architecture and snow cover. Differences in ψ developed because of 
variations in transpiration, ice blockage in the xylem and the volume of water stored in each 
section. Lower PLC in the leader shoot was probably related to lower vulnerability to drought-
induced embolism of these xylem sections. Decreasing PLC in spring indicated refilling 
processes, which started in distal twig sections. 
 
 
 
N 82.  Different Reactions in Root Growth and Peroxidase Activities in Root Segments of 
Wheat Genotypes under Osmotic Stress 
 
Csiszár J., Gallé A., Guóth A., Erdei L., Tari I. 
 
Water deficit can reduce root growth, shoot growth and crop yields. Ongoing root growth is 
required to facilitate water and nutrient uptake from the soil. Growing of wheat genotypes 
differing in drought susceptibility in rhizotron revealed differences in root elongation responses 
under drought stress. Among others, ionically or covalently bound cell wall peroxidases take 
part in the regulation of cell wall expansion by catalyzing the polymerization of suberin and 
lignin monomers. The effect of 400 mOsm osmotic stress on the H2O2 level, lignification, 
peroxidase (POD) activities, isoenzyme pattern and gene expression of selected POD-coding 
sequences were investigated in 1-cm-length root axis containing the proliferation and elongation 
zones. One week old Triticum aestivum cv. Plainsman (drought tolerant) and Cappelle Desprez 
(drought sensitive) plants were treated with polyethylene glycol (PEG 6000) reaching 400 
mOsm stepwise. Activities of soluble peroxidase fractions and those of bound ionically or 
covalently to cell walls significantly decreased on the 9th day, two days after applying 100 
mOsm PEG in Plainsman genotype, while the root length increased. By the 13th day some 
individual isoenzymes were activated. 3,3’-Diaminobenzidine (DAB) staining revealed 
differences in the H2O2 level of the segments on the 13th day only at the drought sensitive 
genotype.  
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N 83.  The Impact of Proline on Phytohormone and Polyamine Pools during Drought 
and/or Heat Stress Response in Tobacco Plants  
 
Dobra J., Cvikrova M., Storchova H., Malbeck J., Motyka V., Dobrev P., Gaudinova A., 
Gubis J., Vankova R. 
 
Accumulation of osmolytes represents an important mechanism in plant stress response, 
especially to dehydration.  The use of plants with elevated proline content enabled us to evaluate 
the effect of enhanced stress tolerance on the dynamics of hormone and polyamine levels during 
the drought and/or heat stress (HS) progression. 
Tobacco plants (wild-type and transgenics constitutively over-expressing proline biosynthetic 
gene) were used. Gene expression was determined by qRT PCR, polyamines by HPLC, 
cytokinins, auxin and abscisic acid by LC/MS. 
Elevation of proline levels at drought correlated with down-regulation of the expression of 
proline dehydrogenase gene cig1. Within 24-h recovery, proline degradation was re-established 
in roots, being delayed in leaves. 
Both stresses were associated with decrease of bioactive CK levels, stronger at drought. More 
drought tolerant transgenics retained relatively higher levels of bioactive CKs during water 
deficit, they exhibited fast response to HS by CK decrease.  
Drought and heat stress had differential impact on polyamine content in tobacco plants. While 
spermidine and spermine were increased after both treatments, putrescine increased during 
water deficit, being elevated after HS. Enhanced proline content strengthened the stress 
response. 
Proline over-production was associated with faster stress response and defence initiation, 
diminishing the negative impact of stress (especially in case of long-term drought).  
 
 
N 84.  Genotypic Assessment by RAPD Markers and Ultrastructural Characteristics of a 
Potato Cell Line Tolerant to NaCl 
 
Queirós F., Almeida J.M., Almeida D., Fidalgo F. 
 
Soil salinity is an important environmental constraint to crop distribution and productivity. 
Potato (Solanum tuberosum L.), one of the most important food crops, is moderately salt 
sensitive and its improvement by traditional breeding programs has been slow. Tissue cultures 
may be relevant to plant improvement through selection of salt-tolerant cell lines and 
subsequent regeneration of plants. Besides those cell lines are a useful tool to study the 
mechanisms of salinity tolerance. In this work, we used the random amplified polymorphic 
DNA (RAPD) markers to investigate the occurrence of genetic polymorphism in a potato calli 
line grown with 150 mM NaCl. After DNA extraction from control and salt-tolerant lines, PCR 
was performed with 40 arbitrary primers, and eight revealed polymorphism in amplification 
products. Sixteen well resolved and reproducible bands were chosen as RAPD markers which 
showed that the salt-tolerant line differed genotypically from the control. Although this callus 
tissue displays a macroscopic aspect similar to the control, the ultrastructural characteristics 
were compared with the aim to unravel those one that may have adaptive value. Ultrastructural 
observations revealed that the integrity of cells grown with salt was not affected, however, they 
showed plastids less differentiated with a lower number of grana than in control cells. Round-
shaped plastids with a less compact stroma displaying a higher number of large starch grains 
were also common features observed in NaCl-tolerant cells. In conclusion, RAPD analysis 
revealed that NaCl-adapted line is a somaclonal variant and the ultrastructural study showed 
changes essentially at the plastids. This variant line may be useful material for potato breeding 
programmes. 
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N 85.  Characterization of Conserved microRNAs Diferentially Expressed in Response to 
Drought Stress in Medicago truncatula 
 
Trindade I., Dulce Santos, Dalmay T., Fevereiro P. 
 
MicroRNAs (miRNAs) have been recently recognised as important regulatory components of 
gene expression and there is evidence that they are involved in abiotic stress responses in plants. 
This work aims to identify and characterize conserved miRNAs that are differentially expressed 
in drought-stressed, recovered and control plants of Medicago truncatula cv. Jemalong. 
miRNAs that have abiotic stress-inducible homologs in other plant species, namely Arabidopsis, 
rice and Populus, were selected for in silico analysis. The sequences of their precursors were 
aligned to the available Medicago truncatula genome sequence (Mt2.0 Release, January 2008), 
using the BLASTn algorithm, and further analysed using the RNAfold program (Vienna RNA 
Package, version 1.7.1.). 
Seven miRNAs have been chosen for experimental analysis, namely miR160, miR169, miR319, 
miR393, miR398a, miR398b and miR408. Their expression in leaves and roots of Medicago 
truncatula plants subjected to drought stress treatments is being analysed by northern blot 
hybridization. The target transcripts will be predicted in silico and experimentally validated, by 
5’ RACE, to check if they are cleaved or not by the candidate miRNAs. 
With this work we hope to understand more about the involvement of miRNAs in the response 
to water deficit conditions in Medicago truncatula. 
 
 
 
N 86.  Sugars as Biochemical Markers in the Evaluation of Osmotic Stress in Potato Calli 
 
Hudák I., Dobránszki J., Sárdi E., Hevesi M. 
 
Endogen carbohydrate fractions were measured in potato calli of potato genotypes with different 
field tolerance to drought (Boró: drought-tolerant, Réka: medium-tolerant to drought and 
736/82: drought sensitive) during homeostatic and osmotic stress conditions induced by 0.8 M 
mannitol. Fructose, glucose and sucrose contents of calli were examined. Different potato 
genotypes had different carbohydrate content also in homeostatic conditions: it was the highest 
in drought-tolerant variety. Under stress conditions the level of fructose and glucose 
significantly increased in the medium-tolerant and drought sensitive genotypes, however, the 
level of fructose decreased in drought-tolerant variety. Sucrose level of calli extremely 
increased in the medium-tolerant (by 424.5 %) and sensitive (by 302.7%) genotypes under 
stress conditions. Albeit its level increased in drought-tolerant variety significantly as well, but 
the rate of the increase was much lower (only 23.3%). Our results indicated a good correlation 
between the changes in endogen carbohydrate content of calli and the level of drought tolerance 
of the genotypes, which confirms the role of carbohydrates in the osmoregulation and suggest 
the applicability of sugars as biochemical markers in the evaluation of osmotic stress in potato 
calli. 
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N 87.  ESKIMO1 is a Key Gene Involved in Plant Water Economy 
 
Lefebvre V., Fortabat M.-N., Gery C., Granier F., Teoule E., Durand-Tardif M. 
 
Today's challenge is to develop plants with reduced water requirements and stable yields in 
fluctuating environmental conditions. Arabidopsis thaliana is an excellent model for identifying 
potential targets for plant breeding.  
While involved in a plant genomics programme, which aims to identify new genes responsible 
for plant response to abiotic stress, we identified ESKIMO1 as a key gene involved in plant 
water economy as well as cold acclimation and salt tolerance. 
All esk1 mutants were more tolerant to freezing, after acclimation, than their wild type 
counterpart. esk1 mutants also showed  increased tolerance to mild water deficit for all traits 
measured. The mutant’s improved tolerance to reduced water supply may be explained by its 
lower transpiration rate and better water use efficiency (WUE), which was assessed by carbon 
isotope discrimination and gas exchange measurements. esk1 alleles were also shown to be 
more tolerant to salt stress. Based on a transcriptome analysis we hypothesise that in control 
conditions the esk1 mutant behaves as if it was exposed to drought stress and not salt stress. 
Overall our findings suggest that the ESKIMO1 gene plays a major role in plant response to 
water shortage and in whole plant water economy. Further experiments have been implemented 
to highlight the function of ESKIMO1.  
 
 
 
N 88.  Altered Hormonal Balance in Drought Sensitive Birch Betula. pubescens f. 
hibernifolia  
 
Coong Lo, Brader G., Kangasjärvi J.,Welling A. 
 
A plant stress hormone ABA has been connected to regulation of plants’ response to various 
stresses such as drought and cold and in the onset of freezing tolerance and seed dormancy. 
ABA biosynthesis and response mutants have been useful in elucidating the ABA biosynthesis 
pathway and the role of ABA in various developmental transitions and stress responses. These 
aspects are less studied in trees that as perennial plants are exposed to extreme temperature and 
light conditions during winter but probably for the same reason lack suitable mutants. Betula 
pubescens f. hibernifolia is very drought sensitive birch genotype that was not able to increase 
its ABA level similarly to WT (Betula pubescens) in response to drought stress. However, under 
the same conditions SA levels increased much higher in drought sensitive birch compared to 
WT. We correlate the expression level of the known ABA biosynthesis genes to ABA levels to 
elucidate the key regulatory genes for ABA biosynthesis in birch and to study whether altered 
ABA accumulation of drought sensitive birch results from impaired expression of ABA 
biosynthesis genes. The relationship between ABA and SA in abiotic stress responses in trees 
will be discussed with respect of the latest results. 
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N 89.  SuperSAGE-Analysis of the Transcriptomes of Roots and Nodules of Stress-
Susceptible and Tolerant Chickpea Lines under Salinity and Drought: Variations to a 
Common Theme 
 
Winter P., Molina C., Rotter B., Horres R., Udupa S., Fatnassi N., Steinhauer D.,  Khan 
F., Zaman-Allah M., Drevon J.-J., Baum M., Abdelly C., Delgado M.-J., Kahl G. 
 
Background: Dehydration stresses such as drought and salinity are major constrains to 
chickpea production worldwide and tolerance to these complex stresses is a eminent goal for 
chickpea breeding. To provide target genes for molecular breeding for complex stress tolerance 
we produced genome-wide transcriptional stress-response profiles of roots and nodules of 
tolerant versus susceptible chickpea varieties. Methods: We used SuperSAGE as the most 
versatile transcription profiling technology for non-models to precisely count the number of 
times a particular transcript occurred in the transcript population. Thus, we analysed more than 
600.000 transcripts representing more than 25.000 unique mRNAs. Results: Of these, more 
than 3000 were significantly differentially regulated in response to the stresses. Salinity and 
drought changed expression patterns of common and different sets of genes in an organ-specific 
manner depending on functional gene subset under scrutiny. For example, whereas general 
transcription patterns were organ-specific, the sub-set of transcription factor transcripts 
displayed stress-specific responses. Transcriptional stress-responses started from differential 
expression of components of signalling cascades as e.g. Calcium sensors down to receptors. 
transcription factors and the chromatin. Almost all metabolic pathways, and most prominent, 
oxidative stress signalling and responses were affected. Stress-responses of tolerant and 
susceptible varieties though similar in general, significantly differed in regulation of transcript 
isoforms and splicing variants of gene family members sometimes regulated even in opposite 
directions. qRT-PCR analysis of organ-specific temporal responses of such genes in tolerant and 
susceptible varieties suggested a role for transcriptional “priming” in stress-tolerance. 
Conclusion: Using SuperSAGE, we identified more than 100 potential breeding targets 
requiring verification in germplasm and segregating populations.  
 
   
N 90.  Effects of Drought on Growth and Polyamines of Scots Pine Seedlings   
 
Riina Mäkelä, Vuosku J.,  Häggman H., Saarinen M., Heiskanen J, Sarjala T. 
 
Frequency of diverging temperature and drought stress in boreal forests has been proposed to 
increase due to climate change. Drying of surface layers in peatland forests causes often 
problems for seed germination and for early growth of Scots pine seedlings. We are interested in 
the adaptation of Scots pine to the increasing frequency of drought episodes during the most 
vulnerable stages of development.  
In plants, polyamines (PAs) are connected to various growth, developmental and stress related 
processes as well as to cell death. Our aim is to link the changes in PA metabolism on 
metabolite and gene expression levels to the changes in Scots pine seedling growth under 
drought stress. 
Scots pine seedlings were grown on peat with three different moisture levels. Growth of the 
seedlings was measured and samples for endogenous PA analysis and realtime RT-PCR were 
collected to analyze expression of two PA-synthesis genes (arginine decarboxylase, spermidine 
synthase). The drought stress changed root/shoot ratio, decreased the biomass of the seedlings 
and number of the root tips, especially mycorrhizae. Polyamine and realtime PCR analyses are 
in progress. The results will be used to estimate changes in below- and above ground carbon 
allocation due to drought stress and to elucidate the role of polyamines in the process. 
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N 91.  Drought Tolerance and Temperature Dependence during Seed Germination in 
Glacier Foreland Species 
 
Schwienbacher E.,  Navarro-Cano J.A., Erschbamer B. 
 
Drought and low temperature are limiting factors for seed germination. Species occurring in 
alpine bare ground areas often face these stressful conditions. We hypothesised that seeds of 
pioneer species are less sensitive to drought and less demanding with regard to temperature in 
comparison with late successional species. 
We assessed the effect of drought and temperature on germination of ten glacier foreland 
species in the Austrian Central Alps using experiments in the growth chamber. The selected 
species represented different strategies from pioneer to late successional species. 
In the growth chamber a drought gradient was simulated by addition of increasing 
concentrations of Polyethylenglycol (PEG) 6000 to H2O dest. The water availability was 
ranging from standard condition (H2O dest.) to different levels of water deficit (min. -0.8 MPa). 
The drought gradient was combined with four temperature regimes ranging from cold (15°C 
day/5°C night) to warm (30°C day/15°C night) conditions. Seedlings were counted and removed 
twice a week for one month. 
We detected differences in the germination response to drought stress between species, but we 
found no general trend for more tolerance in pioneer species. Most of the species needed a high 
temperature regime for germination, but some pioneer species were less demanding.  
Drought tolerance and temperature requirement during germination do not play a key role for 
glacier foreland species. The decisive step for successful recruitment seems to occur in later life 
stages. 
 
 
 
N 92.  Adaptation of Maize (Zea mays L.) to Salinity: 
The Role of Plasma Membrane H+-ATPase and Apoplastic pH 
 
Pitann B., Mühling K.H. 
 
Salinity, a priori, affects water availability in the soil rather than plants capacity to take up 
water. In the first phase of salt stress, osmorregulation can even enhance the plants capacity to 
take up water. Additionally, plasma membrane H+-ATPase can be affected, thus lessening 
proton extrusion into the apoplast necessary for leaf growth. In this study, salt-induced changes 
in growth rate were investigated and the pH-dependence of acid-induced growth in relation to 
changes of plasma membrane H+-ATPase activity in two maize (Zea mays L.) genotypes 
differing in salt resistance (Pioneer 3906 and SR03) were monitored. Leaf growth was reduced 
in the presence of 100 mM NaCl and effects were more pronounced for the more salt-sensitive 
Pioneer 3906. By using inside-out plasma membrane vesicles, it could be shown that hydrolytic 
activity of plasma membrane H+-ATPase remained unaffected under saline conditions. In 
contrast, H+ pumping activity was reduced by 47% in Pioneer 3906, but was unchanged in 
SR03. Accordingly, changes in apoplastic pH were detected by ratiometric fluorescence 
microscopy using the fluorescent dye fluorescein isothiocyanate-dextran (50 μM) and pH-
sensitive microelectrodes. While Pioneer 3906 responded with a significant increase of up to 0.5 
pH units, no apoplastic alkalization was found in SR03. With respect to the hypothesis that the 
apoplastic pH is influenced by salinity, it is suggested that salt resistance is achieved due to 
efficient H+-ATPase proton pumping to acidify the apoplast. 
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N 93.  Effect of Salinity on Anatomy and Deformity of the Pistacia vera Nut 
  
Zarinkamar F., Farjady, Elham 
  
This study attempts to examine the effects of salinity on leaf, stem and nut of Pistacia vera 
(Ohady and Kaleh Ghochi cultivars) in order to characterize their anatomical structure with 
electron and light microscopy. A comparative study of the anatomy indicates a difference 
between the density of simple and glandular trichomes in leaf surface, deposit of wax, the 
thickness of leaf, the length of epidermal cells, palisade parenchyma cells, crystals in mesophyll 
and the manner of compatibility to salinity.  There is however, no difference in stem structures 
in the two cultivar fields. Salinity increases the density of simple and glandular trichomes 
especially in adaxial surface and decreases the density abaxially. The results, in this research 
demonstrate that compatibility in Ohady cultivar is more than Kaleh Ghochi. 
 In Iran, the highest incidence of deformity of pistachio nut occurs during April when shells 
begin to develop (Deformed nuts are smaller than normal nuts and Endocarp is incomplete). 
Moreover, mechanical wounding (resulting from insect's bites, hailstone or rain) causes 
deformity in nuts; the degree of the effects depends on their development stages. If the nuts 
suffer a mechanical stroke before being or when they are 15 days of age (after full bloom), all 
the nuts fall down. But after 15 days, some pistachio nuts which have safe endocarps of normal 
shape will remain. Apparently, there is a direct relation between the growth of nuts and their 
resistance. Moreover, salinity increases the resistance of nuts to mechanical wounding. The 
results of this study suggest that in EC=7.6, 12.6 deformity of nut is not related to crop load.  
 
 
 
N 94.  Early Detection of Salt Stress Tolerance of Fruit Tree Prunus Rootstocks by Excised 
Root Culture 
 
Pilar A., Arancha Arbeloa, Juan A. Marín 
 
Fruit trees display a non homogeneous low tolerance to salt stress. Here, excised root culture is 
proposed as an alternative experimental model to early detect salt stress tolerance in fruit tree 
rootstocks. Root apices 10 mm length were obtained from in vitro rooted shoots of rootstocks 
that show different degree of tolerance: ‘Adesoto101’ and ‘Marianna2624’ from the plum group 
(more tolerant); ‘Masto de Montañana’ and ‘CAB6P’ from the cherry group (less tolerant) and 
‘GF677’ with intermediate tolerance. Ten root apices were placed into  modified liquid MS 
medium without hormones in jars and shaken in the dark at 24ºC. Increasing NaCl 
concentrations (0, 20, 60, and 180 mM) were tested. After 3 weeks roots were measured and 
relative root length increment (RRLI) data were compared. The whole experiment was repeated 
thrice. Root growth decreased as salt concentration increased in all rootstocks, but at different 
rates. RRLI of roots from the more tolerant plum group were best fitted to concave quadratic 
equations, whereas RRLI from the rest were best fitted to convex quadratic equations and these 
differences were highly significant. Additional histological studies showed anatomical changes 
under salt stress. In conclusion, the more tolerant rootstocks have been differentiated here from 
the rest, suggesting that excised root culture can be used for the early detection of salt stress 
tolerance. 
 



 89

N 95.  Influence of Nodule-Inducing Frankia in Salinity Tolerance of Casuarina glauca 
Sieber Ex Spring Plants and Rhizosphere Remediation 
 
Ahmed A. A. El-Settawy 

 
This study aimed to investigate the effect of nitrogen-fixing Frankia on salinity tolerance (ST) 
of plant and rhizosphere remediation.  
Experiment (1): Eight NaCl concs. (up to 14,000 ppm) amended to root rhizosphere of 
nodulated (NP) and unnodulated plants (UNP) to pinpoint lethal dose using complete 
randomized design.   
Experiment (2): Split-root technique was conducted to trace the action mode of ST and 
remediation.  
Experiment (3): Relationship between nodule diameter and ST of the host and remediation 
level.  
Experiment (1) revealed that NP displayed ST higher than that of  UNP. However, NP showed 
40% survival at 12,000 ppm, while UNP reached such percent at 10,000 ppm. Growth rate of  
NP was higher than that of UNP at 5,000 up to 14,000 ppm.  
Experiment (2) proved that UNP displayed survival (%) lower than those of NP under salinity 
stress. However, the reaction of nodules to direct salinization and NP characters were discussed 
in details.   
Experiment (3) revealed under salinity stress, the higher the nodule diameter, the higher the N 
content of branchlets and biomass and the lower the EC, Na and Cl contents of the rhizosphere. 
Ultrastrastructural studies supported above findings, since the hyphae of Frankia in nodule 
tissue were morphologically modified.  Results revealed the importance of nodules in ST and  
rhizosphere remediation. 
 
  
 
N 96.  Acclimation of the Photosynthetic Performance of Tomato to High Salinity after 
Salicylic Acid Pre-treatment 
 
Tari I., Gémes K., Poór P., Csiszár J. 
 
Decreases in stomatal conductance, which may limit net photosynthetic rate by inhibiting 
diffusion of CO2 to chloroplasts, were observed as a short-term response of tomato to salicylic 
acid (SA) treatments. 10-3 M or higher concentrations of SA resulted in a permanent closure of 
stomata, significantly decreased the net CO2 assimilation rate measured with a portable 
photosynthesis system and accordingly, the plants died. Lower concentrations (10-4 or 10-7 M 
SA) had only transient effect on photosynthesis. All of the treatments elevated the 
concentrations of reactive oxygen species (ROS), such as O2

-˙ and H2O2.  Due to the 
accumulation of soluble sugars the water potential in SA pre-treated leaves were higher than in 
the control, but ROS were not scavenged in the leaves to the end of the pre-treatment period. 
Imposition of salt stress reduced the stomatal conductance and net CO2 assimilation rate in 
control leaves very effectively, however, in 10-4 M SA pre-treated plants, the CO2 fixation rate 
was partially restored under salt stress. The improved photosynthetic performance, the 
accumulation of soluble sugars, as biochemical marker of salinity tolerance in tomato 
contributed to the successful acclimation of 10-4 M SA pre-treated plants to high salinity. The 
role of the guard cell photosynthesis will also be discussed. 
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N 97.  Responses of Medicinal Plants to Salinity and Drought Stress  
 
Debnath M., Bisen P.S. 
 
Herbal medicine is still the mainstay of about 75-80% of the whole  population mainly in 
developing countries, for primary health care because of better cultural acceptibility, better 
compatibility with the human body and fewer side effects. Salinity and drought stress can lead 
to changes in development, growth, productivity, and severe stress may even threaten survival 
of some medicinal plants. Given the importance of stress tolerant plants in soil reclamation 
programmes, it would be thus profitable to adopt tissue culture approach.  One way of 
increasing productivity in stressful environment is to breed stress tolerant medicinal plants. The 
tolerant level of the different abiotic stress under in vitro condition is under consideration in 
context to the morphological, biochemical and molecular aspects. During stress, accumulation 
of certain organic metabolites solutes takes place. Increased levels of some compatible solutes 
such as proline appears to be a promising approach in efforts to increase the ability of plants to 
tolerate environmental stress. Medicinally useful plant viz. Jatropha curcas, Bacopa monnieri 
and Chlorophytum borivilianum has been used as model plants to study abiotic stress. The 
morphological changes on organogenesis and callogenesis were observed. The proline and 
protein profile were also investigated on stress and it was found that the proline increases on 
stress with the spatial and temporal development of plants under in vitro conditions. On contrary 
the content of protein decreased on stress in the plants under in vitro conditions. Further work 
can be to determine the genes regulating the protein and proline metabolizing enzymes. 
 
 
  
N 98.  Effect of Nitrate on Phleum arenarium and Aster tripolium Seed Germination under 
Salinity Stress 
 
Necajeva J., Gederts Ievinsh 
 
Nitrate is a well-documented dormancy-breaking agent in several species. Moreover, 
nitrogenous compounds were shown to be able to alleviate salinity effect on seed germination of 
some plant species. Exogenous nitrate can potentially influence NO signaling within a seed. 
Potassium nitrate alleviated salinity stress in Phleum arenarium L. and Aster tripolium L.; in P. 
arenarium treatment with KNO3, but not with KCl or NH4NO2 enhanced germination of seeds 
germinated at 100 mM NaCl. The effect of treatment with KNO3 and involvement of NO was 
further studied using an NO scavenger. The potential role of NO in enhanced seed salinity 
tolerance is discussed.  
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N 99.  Oak under Long-term Drought Stress & Recovery – Morphological & Physiological 
Responses 
 
Schulz N., Burg K., Fluch S., Mouhssin Oufir, Hausman J.-F, Wilhelm E. 
 
According to current predictions on climate change longer drought periods during summer 
months are expected. Therefore, there is a need for trees with higher adaptation potential to 
drought as planting material for afforestation purposes. In this study, the effect of long-term 
drought stress and rewatering on young oak trees (Quercus robur) is investigated. The final goal 
of the study is the development of easily applicable functional markers for selection of trees 
with a higher drought resistance level from natural populations.  
In a three-year glasshouse experiment five year old clonally propagated oak plants from tissue 
culture were subjected to controlled drought stress and subsequent rewatering. Phenotypic 
parameters were monitored and leaf material was sampled in regular intervals for analysis of the 
transcriptome (microarray), proteome and physiological parameters (carbohydrates, polyols). 
The experiment comprised three treatments: 1) control, 2) one year drought - one year 
rewatering, 3) two years drought, one year rewatering.  
Drought stressed oaks showed significantly (p<0.05) reduced shoot growth, diameter increment 
and no 2nd flush during the 2nd year of stress. Also, a significant increase (p<0.05) in the 
concentrations of the major sugars showed a clear osmotic adjustment under drought stress. 
During rewatering, plants fully resumed growth, although the growth pattern differed from that 
of the controls. Carbohydrate concentrations displayed a similar pattern in controls and 
rewatered plants. Although plants were strongly impaired by drought stress, they maintained the 
capability to fully recover and even compensate for reduced growth under rewatering. 
Microarray and proteome analysis are underway. 
 
 
 
N 100.  Effect of Water Deficit Stress on Proline Accumulation and Quality and Quantity 
of Protein Profiles in Chickpea 
 
Najaphy A., Nahid Niari Khamssi, Siroos Mansourifar, Hosein Mirzaei 

When water stress impose on plants, different molecular and biochemical responses take place. 
In the study, four water treatment levels and three chickpea cultivars in a spilt plot design with 
three replications were evaluated for proline accumulation. Separation of probable stress 
responsive proteins in relation to imposed water deficit stress was carried out by SDS-PAGE 
method. High magnitude of proline accumulation was observed in the leaves of stressed plants. 
Water deficit stress increased concentration of soluble proteins in the leaves up to 43% in 
comparison with check but didn't change significantly electrophoretic banding pattern of 
proteins. It seems that proline accumulation is related to drought tolerance.  
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N 101.  Predication of Cardinal Temperatures and Thermal Time Requirement for Seed 
Germination of Chickpea Genotypes (Cicer arietinum L.) in Drought Stress Condition 
 
Ganjeali A., Parsa M. 
 
Information about seed germination response of chickpea to temperature and drought stress is 
Important. The main objectives of this experiment were predicting of cardinal temperatures, 
physiological days and thermal time requirement for seed germination in chickpea. To this, a 
split plot factorial experiment based on completely randomized design with 6 chickpea 
genotypes (MCC361, MCC951, MCC180, MCC873, MCC13 and  MCC463) and a range of  
temperatures (3, 5, 10, 15, 20, 25, 30 and 35 °C ) and  drought stress levels(0 and -4bar) with 
three replications was conducted. The percentage of seeds germinated was recorded daily, and 
germination rate (1/D50) was calculated based on inversing the time taken to reach to 50% 
cumulative germination. To quantify the response of germination rate to temperature and to 
determine cardinal temperatures, physiological days and thermal time requirement for 
germination, Dent-like model was applied. Temperature, drought stress (- 4 bar) and their 
interactions, had significant influences on final germination percentage and germination rate of 
chickpea genotypes (P≤0.001). Overall, mean and optimum temperature range for germination, 
were estimated 20-26 °C, and it was the same in stress and non stress condition. Base 
temperature were estimated 4.5 and 4.2 (genotypes mean) for stress and non stress condition 
respectively. There were significant differences among genotypes for physiological days and 
thermal time requirement for germination, only in stress condition. Drought stress increased 
thermal time requirement for germination 2.8 times compared to non stress.  
 
 
 
N 102.  Study on Wild Oat (Avena ludoviciana) Competition with Wheat (Triticum 
aestivum) Varieties under Salinity Stress 
 
Zamani G.R. 
  

 Soil salinity one of the main constrains for crop production in arid and semi arid regions. In 
order to study on wild oat competition with wheat variety under salinity stress a field 
experiment was conducted during of 2005 – 2006 growing season in the Agricultural Research 
Station of The Birjand University. Experimental design was complete block as split plot 
factorial in which salinity with three levels (105, 505 and 10.5 dS/m in irrigation water) were 
used as the main plots and wild oat densities (0 and 160 p/m2) and wheat variety (Roushan, 
Mahdavi and Ghods) as factorial were used as sub plots. Results showed that number of 
spike/m2, number of grains/spike, 1000 grain weight and grain yield were significantly 
decreased by salinity. However, height of plants, number of spike/m2, 1000 grain weight, 
biological yield, grain yield and harvest index were significantly affected by variety of wheat. 
Roushan, was the best for these parameters. Also, result showed that salinity, wild oat densities 
and wheat variety interaction had significantly effects on grain yield, biological yield and 
harvest index. Generally, results of this experiment indicated that grain yield was decreased by 
increasing of salinity. But, this reduction was very low by increasing of wild oat density. 
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N 103.  Effect of Mycorrhizal Symbiosis on Drought Tolerance of Sorghum (Sorghum 
bicolor L) 
 
Ardakani M.R., Rahimi L., Rejali F., Paknejhad F. 
 
In order to determine whether mycorrhizal infection influences sorghum genotypes responses 
and growth parameters under irrigated and drought stress conditions ,this study was carried out 
on split factorial experiment in the form of completely randomized block design with three 
factors and three replicates in 2006 at Faculty of Agriculture and Natural Resources-Azad 
University, Karaj-Iran .First factor was drought stress at 3 levels based on the water evaporation 
from evaporation basin –class A included : (T1) 50 mm, (T2) 100 mm, and (T3) 150 mm. Second 
factor was Sorghum genotypes at 2 levels included: (V1) K.G.S.W.17 (Karaj - White Sorghum 
17) and (V2) K.G.S.O.36 (Karaj - Orange Sorghum 36)and the third factor was mycorrhizal 
inoculation at 2 levels included  application mycorrhiza(m1)(Glomus intraradices) and without 
mycorrhiza as a control treatment(m0 ). Drought stress was started when plants had about 50 cm 
height .Results showed increasing drought stress ,reduced 1000- seed weight(4.34%)and 
number of clusters in m2 (30%)(p < 0.01) and reduced grain yield(25%) and  mycorrhizal 
colonization of root system(39.13%)( significantly at 5% level). But in mycorrhizal treatments, 
results showed significant increase in 1000-seed weight(1%) ,grain yield(9.79%) and number of 
clusters in area(6.45%) (p < 0.01). Drought stress caused decreasing effect on yield and yield 
components of both sorghum genotypes and application of mycorrhiza could compensate for a 
part of the reduced yield. 
 
 
 
N 104.  Effect of Gradual Water Deficit Stress on Agronomic and Physiological Traits in 
Chickpea (Cicer arietinum) 
 
Niari Khamssi N., Golezani K.G., Zehtab S., Najaphy A. 

Water deficit is one of the important factors limiting crop production in arid and semi-arid 
regions. This study was conducted to examine the response of chickpea to gradual water deficit 
stress in a split plot design with three replications. Four irrigation levels were considered as 
main plot and three cultivars as sub plot. Different irrigation levels affected significantly grain 
yield, biological yield, 100 seeds weight, number of full pods, number of seeds per plant, 
chlorophyll content, dry matter, and harvest index but didn’t affect significantly RWC and 
WSD. Mean comparisons for irrigation levels showed that water deficit stress decreased most of 
the traits in comparison with gradual water deficit stress and check. In the study, considering 
water sources limitation the most economic irrigation treatment was selected.   
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N 105.  Water Use Efficiency of Nine White Clover Populations Naturalized in Chile and 
Physiological Traits Associated 
 
Inostroza L., Acuña H. 
 
Around the world, the areas used to animal production are been displaced to marginal 
environments, where the forage crops must front different kinds of abiotics stress, being the 
drought one of the most important. White clover (Trifolium repens) is a forage perennial legume 
that possesses a superficial root development and high sensibility to water deficit. Water use 
efficiency (WUE) of nine white clover naturalized population was evaluated to select parental 
genotypes for a future breeding programme and to identify associated physiological traits that 
could be used as selection criteria. A greenhouse experiment was carryout during spring of 2007 
in Chillán, Chile (S36º03’ W72º07’). The nine naturalized populations plus two checks were 
planting in pots (3L capacity) containing soil as substrate. The plants were grown under two soil 
water treatments: with water stress (0.01 MPa) and non water stress (-1MPa). The experiment 
was arranged in a RCB design with three replicates. Transpirated water (T) was recorder daily 
through weigh the pots, dry matter growth (DM=leaf+shoot+stolons) was measured and WUE 
was calculated (DM/T). Stomatal conductance (gs), chlorophyll content, relative water content, 
leaf 13C isotopic discrimination, canopy temperature and stolon water potential were also 
evaluated. The WUE varied significantly (P<0.05) between populations and was increased 
under drought conditions owing to gs reduction. None physiological traits were correlated 
significantly with WUE; however all were well indicators of plant water status. A high WUE 
was associated to genotypes that had a low leaf area DM invest and high root and stolon DM 
invest.  
 
 
 
N 106.  Evaluation of Osmotic Stress Tolerance of Pea Genotypes by In Vitro and 
Laboratory Tests 
 
Dobránszki J., Magyar-Tábori K., Iszály-Tóth J. 
 
Eight genotypes (Pisum sativum L.) were examined under different osmotic stress in order to 
study their osmotic stress tolerance. Osmotic stress was induced during germination of seed and 
on young seedlings in laboratory tests and on shoot cultures in in vitro experiments by use of 
PEG (between 0.0 and 20.0 %). Growth parameters were recorded and before statistical analysis 
data were expressed in the percent of the control treatment in order to make comparison 
between genotypes. The largest variability between genotypes were observed on 5% PEG 
treatment in the case of germinated seeds, while evaluation of young seedlings should be 
occurred 5, 10 and 15 % levels. In general, osmotic stress inhibited the growth of shoots more 
than the growth of roots. Similarly, 5.0 and 7.5 % PEG levels were suitable to distinguish the 
genotypes when osmotic stress was induced on in vitro shoot cultures. Good correlation could 
be observed between laboratory and in vitro tests. 
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N 107.  Physiological and Molecular Adaptation of Potato Cultivars (Solanum tuberosum) 
to Salt Stress 
 
Jaarsma R., de Vries R.S.M, De Boer A.H. 
 
Potato (Solanum tuberosum), one of the main crop plants in the world, is moderately salt 
sensitive. Soil salinity accounts for large reductions in potato yield. Salt tolerance can be 
achieved by minimizing osmotic stress and maintaining a stable ion homeostasis. The object of 
this project is to compare and identify the different strategies of a number of potato cultivars to 
deal with salinity stress. Potato plants of six cultivars were grown in hydroponic culture and 
submitted to 0, 60 and 180 mM NaCl during two weeks before harvest. One of the cultivars, 
Russett Burbank, shows a moderate halophyte response with a significant increase in growth at 
60 mM NaCl. One cultivar did not survive at 180 mM, whereas a third cultivar (Desiree) did not 
show any senescence response at the highest level of salt stress. The most sensitive cultivar also 
showed the strongest growth reduction at 60 mM NaCl and in contrast to the others, 60 mM 
NaCl did not induce accumulation of the compatible solute proline. Tissue Na+ and K+ 
concentrations showed that plants that were able to restrict the influx of Na+ in the leaves, were 
most tolerant to salt stress. The data suggest an efficient sequestration of Na+ in the leaves of 
these cultivars. The latter may involve Na+/H+ (or K+/H+) transport activity in the vacuolar 
membrane. Therefore, we identified several EST’s with homology to the NHX gene family of 
transporters from Arabidopsis and tomato. Q-PCR and transport assays will be performed to 
find out whether expression and/or activity of NHX transporters differs between the cultivars 
and whether this correlates with the Na+ and K+ content in the corresponding tissues.  
 
 
 
N 108.  Behaviour of Cleopatra Mandarin X Poncirus Trifoliata Citrus Rootstocks with 
Water Stress 
 
Rodríguez Gamir J., Bordas M., Torrents J., M.Angeles Forner-Giner 

 
In citrus, water stress tolerance was determined by the rootstock. The aim of this work was to 
study the responses of four citrus rootstocks: 030115, 030117, 030125 and 030129 obtained in 
the citrus-rootstock breeding program carried out at the IVIA (Valencia, Spain), and their 
parents Cleopatra mandarin (Citrus reshni Hort. ex Tan.) and Poncirus trifoliata (L.) Raf. The 
rootstocks were grafted with Valencia Late orange (C. sinensis (L.) Osbeck). 
In this experiment, two different leves of water irrigation were applied in order to determine 
which rootstoock shows the best responses  to water stress. Plants of four monoembrionic 
rootstocks, 030115, 030117, 030125 and 030129 multiplied “in vitro” propagation and their 
parents Cleopatra mandarin and P. trifoliata were used. 18 moths old plants of the different 
rootstocks grafted with Valencian Late orange were randomly distributed and a row of plants, 
not included in the experiment, was placed around their perimeter. Once a week, plants were 
watered with 150 to 50 ml (stressed plants) and 300 ml (control plants). Photosynthesis and 
transpiration were measured every week.  
All the rootstocks of the experiment except 030115 showed significative differences in 
photosynthetic and transpiration rate between stressed and control plants. 030129 had the 
highest photosynthesis, transpiration and stomatal conductance. 
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N 109.  Influence of Drought Stress on Mexican Rice Borer (Lepidoptera: Crambidae) 
Oviposition Preference and Development to Adulthood in Sugarcane 
 
Showler A.T 
 
The Mexican rice borer, Eoreuma loftini (Dyar), has been spreading northward from Mexico 
and Texas sugarcane and rice, and invasion of Louisiana is imminent.  This study showed 
drought stress increases water potential in sugarcane plants and results in ≥3.4-fold more dead 
leaves than in well-watered sugarcane (P < 0.05).  Drought stress caused seven of nine 
detectable free essential (for insect growth and development) amino acids consistently 
accumulate (P < 0.05), and another was elevated in two of three assays.  Several free 
“nonessential” amino acids also occurred at high levels (P < 0.05) in drought stressed plants.  
Drought-associated increases of dry leaves, preferred by the Mexican rice borer for oviposition 
by ≥7.8-fold (P < 0.05) over leaves on well-watered sugarcane, likely resulted from heightened 
host plant nutritional quality in terms of free amino acids (FAAs).  Gravid female Mexican rice 
borers, presented with dry excised leaves from drought-stressed and well-watered plants of two 
sugarcane varieties, were unable to discern between the four treatments for oviposition.  Hence, 
the pest requires intact sugarcane plants to differentiate, suggesting the importance of 
chemoreception for host plant selection.  Selection based on nutritional quality is also important 
for larval development to adulthood as determined by numbers of larval entry and adult exit 
holes.  The two sugarcane varieties did not show major differences in FAA accumulations, 
Mexican rice borer oviposition, and larval entry and adult exit holes.  However, use of other 
varieties by growers, especially drought tolerant cultivars, might suppress infestations. 
 
 
 
N 110.  Salinity and Drought Stress Responses of Tolerant and Susceptible Chickpea 
Varieties: ROS Scavenging and Signaling 
 
Molina C., Rotter B., Sripada Udupa, Baum M., Winter P., Kahl G. 
 
Background: Control of oxidative stress and maintenance of homoeostasis is required for stress 
tolerance in plants. However, H2O2 and superoxide anions not only own damaging potential, but 
also regulate many cellular functions as second messengers. We investigated how roots and 
nodules of tolerant and susceptible chickpea varieties regulate genes encoding proteins of ROS 
signalling and scavenging under salt and drought stress. 
Methods: SuperSAGE technology allowed to quantify the expression of 25,000 unique mRNAs 
(>600,000 sequenced transcripts) from stressed and non-stressed roots and nodules of tolerant 
and susceptible chickpea varieties, respectively. 
Results: Though stress-responses of tolerant and susceptible varieties displayed common as 
well as specific responses to the two stresses, varieties significantly differed in expression of 
certain isoform/gene family members of almost all genes involved in ROS generation and 
scavenging. This was particularly true for transcripts involved in sequestering metal ions 
preventing the formation of Fenton-reaction-derived toxic hydroxy radicals, but also for 
transcripts involved in cysteine synthesis and glutathione recycling. Pre-stress up-regulation of 
metallothionein and other transcripts in nodules of a tolerant variety suggested transcriptional 
“priming” as a prerequisite for salt-tolerant symbiotic nitrogen fixation. Conclusion: Genes 
(represented by transcript isoforms) differentially expressed in stress-tolerant and -susceptible 
varieties may serve as targets for molecular breeding of stress-tolerance in chickpea.  
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N 111.  Early Seed Development in Wheat Under Normal and Stress Conditions  
 
Jäger K., Fábián A., Barnabás B. 
 
During reproductive development, what lasts from just before the onset of meiosis until the end 
of the grain maturing process, plants respond extremely sensitively both to water deficiency and 
to drastic increase in the temperature. The simultaneous occurrence of water deficiency and 
elevated temperature during the early generative stages of cereal ontogeny used to be rare, but in 
the light of the increasingly frequent occurrence of early season temperature extremes in many 
areas, more research may be justified. Drought-sensitive and tolerant wheat genotypes were 
subjected to heat stress at 34/24°C combined with water withholding during two phases of early 
seed development. During and after five-days of treatment histological observations were made 
on developing kernels and compared to yield data. Combined stress applied 1-5 days after 
pollination (DAP) had a more severe effect on the kernel development of the sensitive genotype, 
which suffered an 83.7% loss in the yield per spike. Stress from 5-9 DAP accelerated both 
embryo and endosperm development until 14 DAP, but a dramatic reduction in the yield per 
spike was observed in both sensitive (81.4%) and tolerant (58.2%) genotypes. In conclusion, the 
results indicate that, compared to the drought-sensitive genotype, the tolerant genotype also 
showed increased tolerance to simultaneous drought and heat stress.  
 
This work was supported by grants NKTH 4-064/04 and OTKA K67987. 
 
  
 
N 112.  Evaluation of Morpho-physiological Traits of Chickpea (Cicer arietinum) in 
Different Lines under Drought-Stress Condition 
 
Safavi M., Ganjeali A., Shafaroudi S.M. 
 
Drought is the most severe abiotic stress affecting yield of chickpea (Cicer arietinum L.) in 
semi-arid regions, e.g. Iran. In order to study its effect, four distinct genotypes of chickpea 
including ICC4958 (an international drought-resistant line), MCC696 (a local candidate line for 
drought-resistance), MCC361 (a common control cultivar) and MCC759 (a drought-sensitive 
line) were planted (June, 2008) in a factorial-split plot experiment with three replications in the 
glasshouse of the Ferdowsi University of Mashhad-Iran. Stress was applied on the basis of field 
capacity (FC) at flowering stage (25% FC). Three times of sampling (in pre-stress, stress and 
recovery stage) were treated and several morpho-physiological traits were studied. The main 
goal was to evaluate the most crucial characters associated with the resistance to the stress in the 
tolerant chickpea genotypes. Aerial parts (shoot dry weight / total dry weight) of sensitive 
genotype were dramatically developed while the root development was shown a significant 
decline during the stress; conversely, resistant genotypes showed a slight reduction in the shoot 
development and a slight increase in the root. The same indices of control genotype remained 
approximately constant. At recovery stage (full-irrigated condition), the root proportions of all 
lines were developed and their shoot were declined significantly. There was a considerable 
discrepancy between ICC4958 and the others at recovery stage. It is supposed that its aerial-part 
development would be mostly completed at preliminary stages; therefore, the stress cannot 
impose severe consequences on it. It is supposed that resistant genotypes deal with drought by 
the reason of the proper appropriation of development among their organs at the stress period. 
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N 113.  Functional Anatomy of Tomato Fruit Pedicel Exposed to Drought 
 
Rančić D., Quarrie S.P., Jovanović Z., Savić S., Stikić R. 
 
The anatomy of tomato fruit pedicels plays an important role in understanding physiological 
events during fruit development, especially under drought conditions. The xylem hydraulic 
connection between shoot and fruits has previously been investigated, but contradictory 
conclusions were drawn about the presence of a flow resistance barrier in the pedicel. In most 
varieties of tomato, a knuckle is found midway along the pedicels that contains the future 
abscission zone. Many authors interpreted a reduced xylem area in the pedicel abscission zone 
as a cause of fruit hydraulic isolation from the rest of the shoot, while others reported the 
opposite. Water stress during growth may influence xylem hydraulic resistance by inducing the 
development of xylem vessels with a smaller diameter. Xylem hydraulic resistance strongly 
depends on the number and radii of xylem vessels along the transport path and this could be the 
reason of hydraulic and chemical isolation of fruits from the rest of plant.  
Since the anatomical characteristics of tomato fruit pedicels and their physiological significance 
remain unclear, we are now studying functional xylem vessels with appropriate dye tracers. In 
this paper we present various methods for detailed anatomical characterization of fruit pedicels 
of tomato in response to drought stress by using light, fluorescent, SEM and TEM microscopy. 
 
 
 
N 114.  Vacuolar Na+/H+- Antiporters in Barley: Their Roles in Salt Tolerance 
 
Roslyakova T.V., Vasekina A.V., de Boer A.H., Babakov A.V. 
 
Na+/H+ exchangers at the vacuole membrane extrude Na+ from the cytosol into the vacuole to 
maintain low Na+ concentration in cytosol and play crucial role in K+ homeostasis and vesicle 
trafficking. In this study, we have identified in barley (Hordeum vulgare) the cDNA of a new 
isoform of Na+/H+ antiporter HvNHX3. HvNHX3 encodes the protein, which consists of 542 
residues in length and has the typical transporter topology of nine transmembrane domains with 
a hydrophilic C-terminal tail. The HvNHX3-translated protein sequence displayed 95% identity 
to HbNHX1 (Hordeum brevisibulatum) and 70% to HvNHX1 and HvNHX2. We were able to 
produce isoform-specific polyclonal antibodies to all three barley isoforms. These antibodies 
were used for quantitative western blot analysis of these antiporters under salt stress. In addition 
we have estimated a level of expression of these three genes (HvNHX1-3) by using real-time 
quantitative PCR. For measuring expression we used two barley cultivars: Belogorsky (salt 
sensitive) and Elo (salt tolerant). For all three isoforms of a Na+/H+ antiporter we have found 
regulation in expression on mRNA and protein level. The direct correlation was observed 
between the protein level and the expression of HvNHX1 gene. The most significant changes 
between these contrast cultivars were exhibited in posttranscriptional regulation of HvNHX2 
and HvNHX3. Our results suggest that HvNHX1-3 take part in salt tolerance and play different 
roles in stress adaptation mechanism. 
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Session III   Plant Response to Heavy Metal & Oxidative Stresses 
 

N 115.  Studies on Identification of the Molecular Markers Linked to Aluminium Tolerant 
Genes in Triticale 
 
Fiuk A., Orłowska R., Bednarek P.T., Anioł A. 
 
Triticale (x Triticosecale Wittmack) is an important cereal crop in Europe. There is an increasing 
interest in its cultivation due to better adaptation to adverse environmental conditions and 
efficient utilization of nutrients as compared to wheat or barley. In Poland about 9,5% of 
agricultural area used for cultivation of crops is assigned for Triticale. 
Nowadays, one of the most important problem related to crops cultivation and breeding 
programs is prevention for the reduction of yield by acidity of soil. Aluminium tolerance is an 
important trait that allows plant breeding on acidic soils. 
Genetic location of aluminium tolerant genes is well docummented for barley, rye and wheat. 
Although some molecular markers linked to the genes are available, they are hardly useful for 
marker assisted selection purposes since they are purly linked to the trait controlling gene. In 
Triticale location of aluminium tolerant genes is not known but it is stressed that wheat genes 
may have stronger effect than those from rye. Additionally, another unknown genes may 
influence expression of the trait. 
The aim of the study was the identification of molecular markers linked to aluminium tolerance 
genes of Triticale and their genetic mapping. 
For the experiments four F2 mapping populations were obtained by crossing aluminum sensitive 
and tolerant double haploid plants cv. Bogo. Twenty AFLP selective primer combinations, 36 
rye and 18 wheat SSRs and more than 14000 DArT (DArTTM Pty Ltd, Canberra, Australia) 
probes were tested on those populations. Depending on population up to four linkage groups 
consisting of two to fifty markers were obtained. One linkage group, assigned to 7R was 
common to all but one mapping population. 
 
 
N 116.  Behavior of Cleopatra Mandarin x Poncirus Trifoliata Citrus Rootstocks with 
Salinity 
 
Llosá M.J, Quijano A., Forner J., Forner-Giner M.A. 
 
The performance with salinity of five new citrus rootstocks, obtained in the program for 
breeding citrus rootstocks carrying out at the IVIA (Valencia, Spain), has been studied, as 
compared as its parents, Cleopatra mandarin (Citrus reshni Hort. ex Tan.) and Poncirus trifoliata 
(L.) Raf. Two trials have been performed with the rootstocks Forner-Alcaide nº 5, Forner-
Alcaide nº 31, Forner-Alcaide nº 42, 030111, 030120. One of the trials with seedlings and 
another using grafted plants with Valencia Late orange (C. sinensis (L.) Osb.). Three increasing 
saline treatments (20, 40 and 80 mM NaCl) were applied. At the end of the experiments, the 
contents of chloride and sodium, in roots and leaves, were analysed. Other parameters affected 
by salinity, such as growth, have been measured. The results showed that 030111, 030120 and F-
A 5 accumulated lower chloride concentration in leaves in seedlings and grafted plants. F-A 42 
accumulated greater chloride in grafted plants than in seedlings in 80 mM NaCl compared to its 
parents. The concentration of sodium in leaves of seedlings showed significative differences 
between the rootstocks. Cleopatra mandarin had the highest sodium concentration for all the 
tested rootstocks, followed by P. trifoliata and F-A 31. F-A 5 had the lowest sodium 
concentration in leaves, and significative lower of all the other rootstocks in grafted plants for 80 
mM ClNa treatments. 
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N 117.  Effects of Sulfur Deprivation on the Tolerance to Cr(VI) in Two Strains of the 
Unicellular Green Alga Scenedesmus acutus 
 
Torelli A., Gorbi G., Zanni C., Marieschi M., Spadafora A., Mazzuca S., Mercatali I., 
Bianchi J., Corradi M. G. 
  
Sulfur starvation enhances tolerance to Cr(VI) in two strains of Scenedesmus acutus, the wild-
type and a laboratory selected Cr-tolerant strain. The increased tolerance is a transient 
phenomenon which reverts after a two day recovery in complete medium. It is known that 
Cr(VI) enter the cells through sulfate transporters. To check if changes in chromium uptake 
could be responsible for the tolerance increase, the chromium and sulfur content in the cell was 
determined. Both strains were cultured in presence (unstarved) or in absence of sulfate (S-
starved) and then maintained in standard medium (S-sufficient and S-replete cells respectively) 
with or without Cr(VI). Both strains mainly accumulate chromium in the soluble fraction. 
Different detoxification mechanisms could be hypothesised to explain the increased tolerance in 
the two strains. The analysis of chromium and sulfur content after 24h culture on complete 
medium following sulfur starvation, indeed evidenced in the S-replete tolerant strain a reduced 
chromium uptake and a sulfur uptake nearly double those of the wild-type and S-sufficient cells. 
This enhanced sulfur uptake was linked to a strong increase of free cysteine, which did not occur 
in the wild-type or in the Cr-tolerant S-replete cells treated with Cr(VI). Sulfur deprivation 
induces changes in the expression of peptides belonging to the membrane, cell wall and soluble 
protein fractions. Altogether these results suggest that in the Cr-tolerant strain the increased 
tolerance to Cr(VI) after sulfur starvation is linked to the transient up-regulation of sulfate 
uptake/assimilatory system most probably involving the induction of high affinity sulfate 
transporter transcription to overcome the nutrient limitation. 
 
 
N 118.  Stress Responses of Nerium Oleander L. to Increased Concentration of Copper 
 
Trigueros Vera D., Rossini Oliva S., Mingorance M.D. 
 
Nerium oleander L. is a Mediterranean drought-tolerant species able to grow in poor soils. It 
also grows in a mining area (Riotinto, SW of Spain) where most soils have very low organic 
matter content, low concentration in some essential nutrients and an acidic pH which enhances 
bioavailability of potentially toxic elements (As, Cu, Fe, Pb). Under these extreme conditions the 
species adopted some tolerance mechanisms to colonize and growth.  
The aim of this study was to assess the effect of different concentrations of Cu (1, 25, 50 and 70 
µM) on N. oleander plants obtained by vegetative propagation and cultivated in nutrient 
solution. The response to Cu levels was assessed by measuring different parameters (fresh 
weight, water content and concentration of photosynthetic pigments). Cellular localization of Cu 
was also studied by cryo-scanning electron microscopy (SEM) coupled with EDX analysis. 
A significant reduction in plant biomass was observed when the Cu concentration was increased. 
Similarly, increasing Cu led to the decrease of shoot water content, chlorophylls a and b and 
carotenoids. Semi-quantitative EDX-analysis of treated plants revealed that in leaves, copper 
was predominantly accumulated in trichomes and cuticle while in root tissues Cu was uniformly 
distributed. 
These preliminary results indicate that concentrations greater than 50 µM Cu result toxic for N. 
oleander. Available Cu is easily translocated to plant shoots, where it accumulates in some leaf 
tissues and interferes with physiological processes.   
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N 119.  Physiological Responses of Nicotiana glauca and N. tabacum under Zinc and 
Cadmium Stress 
 
Christofakis M., Konsolakis G., Primikirios N., Loulakakis K. 
 
Several plant species are able to accumulate and withstand large quantities of heavy metals in 
their tissues. Metal accumulating plants are tested and used for remediation of contaminated 
soils and waters. In an effort to better understand the responses of accumulating and non-
accumulating plant species, and particularly the physiological role of ammonia assimilating 
enzymes under heavy metal stress, a comparative study was held between Nicotiana glauca, a 
plant with promising properties for phytoremediation and N. tabacum. Plants were grown in the 
presence of different concentrations of zinc (Zn) and cadmium (Cd) in the following 
experimental systems in the greenhouse: in pots containing artificial substrate for 35 days and 
hydroponically for 8 days. Endogenous metal concentrations as well as several morphological 
and physiological parameters of the plants were followed. Heavy metal concentration negatively 
affected plant parameters such as morphology, total chlorophyll content, photosynthesis rate, 
photosynthetic efficiency, transpiration and stomatal conductance. Differential responses were 
observed between N. tabacum and N. glauca. In addition, the concentration of Zn and Cd 
differentially affects the activity and protein levels of ammonia assimilating enzymes of both 
plant species. Correlation of the endogenous heavy metal concentrations with alterations of 
physiological parameters and the levels of ammonia assimilating enzymes are presented. 
 
This work was supported by an Archimedes Project, co-funded by the European Social Fund and National 
Resources. 
 
 
 
N 120.  The Effect of Partial Root Drying on Antioxidant Activity in Different Agricultural 
Crops 
 
Vucelic-Radovic B., Savic S., Stikic R., Jovanovic Z., Paukovic M. 
 
Partial root drying (PRD) is a new irrigation strategy which applies alternating regimes of 
irrigation to half the root system while the other half dries out. Many published results showed 
that PRD may save water without significant effect on yield. The aim of this work was to 
compare the effects of PRD with full irrigation (FI) on yield and antioxidant activity in grape 
berry, potato tuber and tomato fruit.  
In both experimental conditions (field and polytunnel), the soil water content in FI treatment was 
kept close to field capacity, although in PRD treatment, 70% of the irrigation water in FI was 
applied to one half of the root system, and irrigation was shifted according to soil water content 
decrease in the dry side of the root zone. At the end of the vegetation season, analyses of total 
yield of fruit and tubers and their quality were carried out. Antioxidant activity of tomato fruit 
ethanolic extract was evaluated against 2,2´-azinobis (3-eyhylbenzothiazoline-6-sulfonic acid) 
radical cation (ABTS·+) and expressed as Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) equivalent antioxidant capacity (TEAC). 
In general, treatment differences in yield were not significant for either crop although WUE and 
antioxidant activity in the PRD treatments were higher than in the FI treatment for investigated 
crops. 
These results for all PRD-treated crops showed that PRD could be a useful strategy to save 
irrigation water without significantly sacrificing either the quantity or quality of yield. 
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N 121.  Effect of Cadmium on the Antioxidative Defense Mechanism of Sorghum bicolor L. 
 
Pinto A.P., Mota A.M., Gonçalves M.L., Martins L.L., Mourato M.P., Cardoso A.I., 
Varennes A.  
  
In this work we studied the effect of cadmium (0, 1, 5, 15 μM) on the growth parameters and 
antioxidative defense mechanism of Sorghum grown in hydroponic solution for 7 days.  
A small increase in the root fresh weight was measured for the highest Cd concentration, while 
no significant differences were detected in the shoots. Tolerance index calculations showed no 
significant differences in this Cd concentration range. Measured chlorophyll, anthocyanin and 
carotenoid concentrations also did not change indicating that the photosynthesis system was not 
significantly affected during the period of Cd exposition. It seems that cadmium uptake 
competes with copper and zinc as the levels of these two elements decrease both in leaves and in 
roots. As expected, cadmium accumulates more in roots than in shoots (between 5 and 19 times 
more). 
Although an increase in H2O2 levels was detected, the activity of the hydrogen peroxide-
scavenging enzymes guaiacol peroxidase and catalase also increased indicating that they are 
effective in eliminating the deleterious effect of that species. The concentration of 
malondialdehyde (a measure of lipid peroxidation) remained constant for all the Cd 
concentrations studied. The decrease in free proline indicates that this amino acid is probably 
involved in the sequestration of excess Cd, and this might be one of the reasons that allow this 
plant to grow in the presence of substantial amounts of cadmium. 
 
 
 
N 122.  High Isoelectric Point Superoxide Dismutase Mediates Alterations in ROS 
Metabolism and Developmental Disturbances in Hybrid Aspen 
 
Srivastava V., Schinkel H., Witzell J., Hertzberg M., Torp M., Srivastava M.K, Melzer M., 
Wingsle G. 
 
Transgenic hybrid aspen (Populus tremula L. x tremuloides Michx.) plants expressing a high 
isoelectric point superoxide dismutase (hipI-SOD) gene in antisense orientation were generated 
to investigate its function. Immunolocalization studies showed the enzyme to be localized 
extracellularly, in the secondary cell wall of xylem vessels and phloem fibers. The antisense 
lines of hipI-SOD exhibited a distinct phenotype; growth rate was reduced, stems were thinner 
and leaves smaller than in wild type (WT) plants. The abundance of hipI-SOD was reduced in 
the bark and xylem of plants from these antisense lines. The vascular tissue of transgenic lines 
became lignified earlier than in WT plants and also showed an increased accumulation of 
reactive oxygen species (ROS). Xylem fibers and vessels were shorter and thinner in the 
transgenic lines than in WT plants.  Total phenolic content was enhanced in the antisense lines. 
Furthermore, microarray analysis indicated that several enzymes involved in cell signaling, 
lignin biosynthesis and stress responses were up-regulated in apical vascular tissues of 
transgenic plants. The up-regulation of selected genes involved in lignin biosynthesis was also 
verified by real time (RT) PCR. The results suggest that in the transgenic plants, a premature 
transition into maturation occurs and the process is discussed in terms of the effects of increased 
ROS accumulation due to reduced expression of hipI-SOD during development and 
differentiation. 
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N 123.  Differential Response of AtPCS1 and CePCS Overexpressing Tobacco to Cadmium 
and Arsenate; Potential Role of  AtMRP7 in the Vacuolar Transport 
 
Wojas S., Clemens S, Schat H., Antosiewicz D.M. 
 
Phytochelatins, small heavy-metal complexing polypeptides synthesized by phytochelatin 
synthase (PCS), play an important role in cadmium and arsenate tolerance. AtMRP7 belongs to 
the MRP family of transporters, removing various substrates (including heavy metals) from the 
cytosol to other subcellular compartments. This study on a model species tobacco, transformed 
with two different PCS genes: AtPCS1 and CePCS, addresses the mechanisms underlying the 
contrasting responses to cadmium and arsenate due to PCS overexpression. We found that plants 
overexpressing AtPCS1 were Cd-hypersensitive, whereas CePCS transformants had enhanced 
Cd-tolerance. The difference in Cd-tolerance was accompanied by substantial metabolic 
changes. AtPCS1 expression led to decreased Cd-detoxification capacity and to higher oxidative 
stress. The interrelationship between the rate of PC biosynthesis and their transport to 
vacuole/degradation is probably different in AtPCS1 and CePCS plants, which might contribute 
to the observed difference in Cd-tolerance. To test this hypothesis, the vacuole isolation and 
determination of cadmium and PC levels were performed. We checked the potential role of 
AtMRP7 in the vacuolar transport of cadmium. We demonstrated that expression of both genes 
enhanced As-tolerance, with CePCS plants most tolerant. These results suggest that some 
specific metabolic pathways/regulation mechanisms, different from those involved in Cd-
detoxification, are associated with phytochelatin function in As-tolerance. Further research is 
needed to identify mechanisms underlying observed differences in response to As and Cd. 
 
 
N 124.  Phytochelatins as a Response to Cadmium in Dittrichia viscose 
 
Fernández R., Bertrand A., González A., Tamés R.S. 
 
Cadmium has become a serious environmental problem because of its lastingness in the soil. 
However, it can be absorbed by the roots of some plants and accumulated in their tissues. 
Phytochelatins (PC) are binding peptides with important roles in the detoxification of Cd, and 
thus in the hyperaccumulation capacity of some species. We studied by HPLC the phytochelatin 
content of the Cd accumulator Dittrichia viscosa, that grows spontaneously in Cd-polluted sites 
of Asturias (Spain), when cultured in vitro in the presence of 0 (control), 3 and 90 μM Cd for 6, 
12, 24, 48 and 72 hours. 
The HPLC analysis of shoots showed five thiolic compounds, whose content varies depending 
on the period of culture and on the concentration of Cd, and that correspond to glutathione 
(GSH), phytochelatins PC2 and PC4, and two non-identified peaks. In roots only three of these 
five thiolic compounds were detected, including GSH, PC4, and one of the non-identified peaks. 
The presence of PC4 in control plants indicates that this phytochelatin is involved not only in the 
detoxification of Cd, but also in the homeostasis of metalic ions. PC4 is produced mainly in the 
first hours of exposure to Cd at all concentrations assayed, which connotes a quick response of 
plant cells. 
The high Cd accumulated by D. viscosa is related to cuantitative changes of PCs and thiolic 
compounds during the first hours of Cd culture, but also with other alternative mechanisms not 
well-studied PC-independent. 
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N 125.  The Response of Arabidopsis Root Water Transport to a Challenging Environment 
Implicates Reactive Oxygen Species- and Phosphorylation-Dependent Internalization of 
Aquaporins 
 
Boursiac Y., Boudet J., Postaire O., Doan-Trung Luu, Prak S., Tournaire-Roux C., Santoni 
V., Maurel C. 
  
Aquaporins, which facilitate the diffusion of water across biological membranes, are key 
molecules for the regulation of water transport at the cell and organ levels. Two stimuli, salicylic 
acid (SA) and salt, were found to induce a concomitant accumulation of reactive oxygen species 
(ROS) and an inhibition of the root hydraulic conductivity (Lpr) in Arabidopsis. Lpr inhibition 
by SA, which had not been referenced before, was partially counteracted by preventing the 
accumulation of hydrogen peroxide (H2O2) with exogenous catalase. In addition, exogenous 
H2O2 reduced Lpr by up to 90% in <15 min. Based on results in heterologous expression of 
plasma membrane aquaporins (PIPs) and on a pharmacological approach, we propose that ROS 
do not gate Arabidopsis aquaporins through direct oxidation, but rather act through cell 
signalling mechanisms. PIP-GFP fusions and immunogold labelling in roots indicated that 
external H2O2 enhanced, in <15 min, the accumulation of PIPs in intracellular structures. Roots 
exposure to SA or salt also induced an intracellular accumulation of the PIP-GFP fusion 
proteins, and these effects were fully counteracted by co-treatment with exogenous catalase. This 
study is connected to another recent work (see abstract by V. Santoni) which describes multiple 
phosphorylations in the C-terminus of the PIP of Arabidopsis roots and a novel role for 
phosphorylation during the salt-induced relocalization of AtPIP2;1, an abundant isoform in roots. 
Altogether, the data delineate ROS-dependent signaling mechanisms which, in response to a 
variety of abiotic and biotic stresses, can trigger phosphorylation-dependent PIP aquaporin 
intracellular trafficking and root water transport down-regulation. 
 
 
 
N 126.  Copper Sulphate: a New Abiotic Stress to Improve (Green) Haploid Plant 
Production in Barley (Hordeum vulgare L.) 
 
Jacquard C., Sangwan R.S., Devaux P., Clément C. 
 
Microspore embryogenesis (ME) is the most commonly used method to produce doubled 
haploid (DH) plants from micropsores. The gametophytic pollen program of the microspore is 
arrested by a stress treatment and reoriented towards a sporophytic embryo program. In cereals, 
albinism in microspore-derived plants is a major problem. The factors controlling the 
phenomenon are not well understood.  
We studied the effect of copper sulphate addition in the pre-treatment medium. We showed a 
positive influence of copper on the production of DH plants in 5 well known recalcitrant 
cultivars of barley (Hordeum vulgare L).  
The presence of copper sulphate in the anther pre-treatment medium allows getting green DH 
plants from cultivars known to regenerate exclusively albino plants using classical procedures. 
The main effect on plastids consisted in a decline of starch accumulation and an increase of 
internal membrane development.  
Copper sulphate should enable breeders to exploit the genetic diversity of these recalcitrant 
cultivars using DH technology. 
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N 127.  Redox Homeostasis Alteration Induced by Mercury and Cadmium in Alfalfa Plants 
 
Sobrino-Plata J., Ortega-Villasante C., Flores-Cáceres M.L., Montero-Palmero B., Del 
Campo F.F, Escobar-Lucas C., Hernández L.E 
 
Exposure of plants to Hg and Cd result in a rapid imbalance of cellular redox homeostasis. Part 
of these responses are activation of antioxidant systems or accumulation of biothiols 
(phytochelatins, PCs), which might bind to metals. Glutathione (GSH) and homoglutathione 
(hGSH) contribute to both defence levels, first as an important antioxidant metabolite (Asada-
Halliwell Cycle), and secondly as PCs precursor. 15 days-old alfalfa (Medicago sativa) plantlets 
were treated with increasing doses of Cd or Hg (0, 3, 10 y 30 µM) for seven days. Glutathione 
reductase (GR) was very sensitive to both metals, but responded in a differential manner: i) 
increased in shoots (Cd and Hg) and roots (only Cd), but ii) was severely inhibited by Hg in 
roots. Among several genes involved in GSH│hGSH metabolism, �-glutamyl cysteine 
synthetase (�ECS) expression increased only in shoots. �ECS is the first step of GSH│hGSH 
synthesis, and might be related with the accumulation of PCs under metal stress (particularly 
high under Cd-stress), which might impose in turn a high demand to build up the amount of 
GSH│hGSH. There was no alteration in the amount of oxydised GSH│hGSH. However, 
ascorbate accumulated under mild stress conditions, indicating that this antioxidant might be 
relevant for metal homeostasis. 
 
We acknowledge funding from Fundación Ramón Areces, Spanish MICINN (REUSA, CTM2005/04809/TECNO), 
CAM (EIADES, S/0505/AMB/000296), and JCCLM (FITOALMA, PBI07/0091/3644). 
 
 
 
N 128.  SnRK2 Kinases Participate in Plant Response to Cadmium 
 
Jaworska A., Wawer I., McLoughlin F., Testerink C., Dobrowolska G. 
  
Cadmium, a serious environmental pollutant, induces genotoxicity and programmed cell death in 
plants. Plants cope with toxicity of heavy metal by elevation of synthesis of thiol-containing 
compounds as glutathione, phytochelatins, metallothioins, which play a role in Cd2+ chelation 
and its sequestration in vacuoles. Signaling pathways responsible for changes in expression of 
genes involved in sulfur metabolism, observed in plants subjected to cadmium salts, are still 
elusive. It was shown that several MAPK cascades are activated in plant cells in response to 
cadmium. Our studies revealed that beside MAPKs also protein kinases belonging to the SNF1-
related kinases 2 (SnRK2) family are activated in plants exposed to cadmium salt. Nicotiana 
tabacum Osmotic Stress-Activated Protein Kinase (NtOSAK), a member of ABA-independent 
SnRK2 in tobacco and its closest homologues in Arabidopsis, SnRK2.4 and SnRK2.10, are 
transiently activated in plant cells treated with CdCl2. Activation of studied kinases reaches 
maximal level within about 30-60 minutes of 100 μM CdCl2 treatment and gradually declines to 
the basal level within another 60 min. The obtained results indicate that reactive oxygen and 
nitrogen species are key elements in SnRK2 activation in response to cadmium. Experiments 
with transgenic plants with altered expression of SnRK2.10 or SnRK2.4 in Arabidopsis and 
NtOSAK in tobacco suggest that these enzymes are positive regulators of plant tolerance to 
cadmium.  The results suggest the role of SnRK2s in heavy metal stress signal transduction 
pathways and indicate that these kinases might be a target for improving plants tolerance to 
cadmium and for phytoremediation.  
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N 129.  2-C-Methyl-D-Erythritol 2,4-Cyclodiphosphate (Mecdp) Accumulation in 
Illuminated Leaves at Supraoptimal Temperatures. Effect of Cadmium 
 
Rivasseau C., Seemann M., Boisson A.-M., Streb P., Gout E., Douce R., Rohmer M., Bligny R. 
 
In this communication, we show that the leaves of different herbs and trees accumulate MEcDP, 
an intermediate of the methylerythritolphosphate MEP pathway of isoprenoid synthesis, during 
bright and hot days. Using 31P-NMR, we observed that in spinach (Spinacia oleracea L.) leaves 
MEcDP accumulation depends on irradiance and temperature. It is the only 31P-NMR-detected 
MEP pathway intermediate. Remaining in chloroplasts, MEcDP may behave as a sink for 
phosphate.  
MEcDP accumulation suggests that its conversion rate into 4-hydroxy-3-methylbut-2-enyl 
diphosphate (HMBPP), catalyzed by (E)-4-hydroxy-3-methylbut-2-enyl diphosphate synthase 
(GcpE, also called HDS), is limiting under oxidative stresses like those induced by O2 and 
reactive oxygen species (ROS). O2 and ROS produced by photosynthesis disassemble GcpE 
[4Fe-4S]-cluster. Nevertheless, as isoprenoid synthesis is not inhibited in this case, these 
damages are supposed to be continuously repaired.  
Cadmium reinforces MEcDP accumulation. However, in the presence of Cd2+, the MEP pathway 
is blocked. In vitro approaches show that Cd2+ does not react directly with fully assembled 
GcpE, but interferes with its reconstitution from recombinant GcpE apoprotein and prosthetic 
group. Our results suggest that MEcDP accumulation in leaves may originate from both GcpE 
hypersensitivity to oxidative environment and limitations of its repair. Here, we propose a model 
wherein GcpE turnover represents a bottleneck of the MEP pathway in plant leaves when they 
are simultaneously exposed to high irradiance and hot temperature. 
 
 
 
N 130.  Clones of the Unicellular Green Alga Scenedesmus Acutus Over-Expressing the 
Gene S2-T A63 Showed Enhanced Tolerance to Copper 
 
Torelli A., Marieschi M., Zanni C., Corradi M. G. 
  
The analysis by means of RNA Differential Display showed a differential gene expression 
between two strains of Scenedesmus acutus, the wild-type and a laboratory selected Cr-tolerant 
strain. Among the isolated amplicons S2-T A63 resulted to be high differentially expressed in the 
tolerant strain and was further characterized. S2-T A63 corresponding gene is present with the 
same number of copy in the wild type and tolerant genomes and corresponds to an mRNA of 
about 2000 nt. The corresponding transcript is overexpressed in the Cr-tolerant strain after a 4-
day culture and turns out to be not up-regulated by chromium exposition. The partial cDNA 
sequence, till now obtained, does not show significant homologies with any known gene. The 
analysis of the putative translation product however reveals the presence of a fasciclin domain. 
This extracellular domain has been found in proteins from mammals, insects, sea urchins, plants, 
yeast and bacteria, usually involved in cell adhesion. This finding suggests for the S2-T A63 
translation product an extracellular collocation, maybe as surface or secreted protein. Clones 
selected from the original Cr-tolerant population for their over-expression of S2-T A63 showed 
unchanged Cr-tolerance but enhanced tolerance to copper. The lacking of information about the 
function of the corresponding gene does not allow to infer about its role in the mechanisms of 
heavy metal tolerance. 
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N 131.  The Characterization of Chloride Channel Mutants in Arabidopsis: The Effect of 
Heavy Metals 
 
Moradi H., Elzenga J.T.M., Lanfermeijer F.C. 
 
In higher plants anion channels play a role in signaling pathways leading to the adaptation of 
plant cells to abiotic and biotic stresses, in the control of metabolism, and in the maintenance of 
the electrochemical gradient across membranes. Anion channels are present in various cell types 
of plants. 
Seven chloride channel (CLC) genes are identified in the Arabidopsis genome. To assess the 
function of these CLCs in Arabidopsis, we obtained three knock out mutant plants with T-DNAs 
inserted in the AtClCa, b, and d genes. Using these single mutants we made the three double and 
the triple mutant plants. In order to characterize these mutants we exposed the plants to various 
treatments: low pH, low osmotic potential, high salinity, varying nitrate concentrations and 
heavy metals. We monitored the effects of the treatments on plant growth, primary root growth, 
morphology of roots and ion-fluxes, which originated from the root. The effects of the different 
treatments, and especially the effect of heavy metals, on plant and root growth are described, the 
different characteristics of the CLCs are shown and the roles of the different CLCs in plant and 
root growth are discussed. 
 
 
 
N 132.  Genes that Confer Heavy Metal Tolerance to Plants  
 

Kim Y.-Y., Kang J., Park J., Song W.-Y., Martinoia E., Lee Y. 
 
Pollution of the environment is accelerating due to the progress of industrialization and the 
continuous increase in population. Phytoremediation uses plants to remedy the polluted 
environment, exploiting plants’ ability to absorb, store, degrade, or detoxify toxic materials, 
thereby remedy their environment. Phytoremediation provides an economic, non-invasive, and 
aesthetic method to improve our environment. 
To find genes useful for engineering plants for phytoremediation, we are using diverse methods. 
First method is to screen Arabidopsis mutant plants altered in expression of ATP-binding 
cassette (ABC) proteins. Arabidopsis genome contains about 130 ABC transporters, and some 
members of this family have been reported to transport heavy metals, metabolic by-products, 
hormones, and lipids. We have collected over 86 different ABC transporter knockout plants, sow 
them on toxic metal containing media, and compare their growth with that of wild-type plants. 
Second method is to screen yeast genes that confer heavy metal tolerance, express them in model 
plants and evaluate the heavy metal tolerance of the transgenic plants in comparison with wild-
type plants. Third method is functional complementation of Cd2+-sensitive yeast mutant with 
plant cDNA library. We have thus identified many candidate genes, expressed them in 
Arabidopsis and poplar and are characterizing their performance in media containing Pb, Cd, Zn 
and As.  
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N 133.  Validation of Reference Genes in Poplar under Cd Stress 
 
Basa B., Sárvári E., Tamás L. 
 
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) approaches are widely 
used in plant stress studies. Misinterpretations of the results can be avoided with a proper 
validation process. Using reference genes for transcript normalization, the accuracy of the results 
is significantly influenced by the chosen references. 
In order to study transcription level changes in Populus glauca leaves under Cd-stress at 
different developmental stages, the suitability of four widely used (cyclophilin [cyp], elongation 
factor 1 α [ef-1 α], polyubiquitin [ubq], tubulin beta-chain [tub]) and two potential internal 
control genes (serine/threonine-protein phosphatase 2A [pp2a] and ubiquitin-conjugating 
enzyme [ubc10]) was tested by applying a novel validation strategy. RiboGreen dye was used to 
measure the concentration of cDNA in the samples, and the amount of transcripts was 
normalized on the basis of cDNA quantity. Transcript normalization of a gene of interest psI-h 
by the RiboGreen method was also assessed in comparison of relative quantification methods 
using reference genes. 
Real-time PCR data normalized on the basis of cDNA quantity revealed relatively large 
variations in the expression of the reference genes, particularly in very young leaves. In addition, 
the expression of most references showed sensitivity to Cd-stress. There were differences in 
transcription level changes of psI-h gene normalized either to cDNA quantity or to the transcript 
level of reference genes. Our results indicate that RiboGreen method can reveal even small-scale 
transcription changes and could provide either an alternative validation for reference genes or 
normalization for Real-Time PCR data in the absence of suitable reference genes. 
 
This work was supported by grant NN-74045 (OTKA) 
 
 
 
N 134.  Accessions and Mutants of Arabidopsis thaliana L. with Changed Al3+ Sensitivity 
 
Honysová B., Cvrčková F., Žárský V. 
 
In many parts of the world aluminium in soils is solubilized as Al3+ cation by acid rains causing 
stress damage to sensitive plants including crops. Using bioinformatics approach we have 
identified a new putative gene family we call BAli/AlBi? which consists of 34 genes found in 
plants exclusively. To confirm our hypothesis about importance of those genes for aluminum 
tolerance we focused on 5 genes belonging to Arabidopsis species (BAli1- BAli5/AlBi…). 
Using publicly available databases we have selected other 8 genes/mutants suggested to to be 
involved in aluminium response of plants as testers for our screen and tested also selected 
Arabidopsis accessions from different parts of the world. Root growth is slowed down or 
stopped in small concentration of Al3+ cation (AlCl3 concentration range 0 to 1.5 mM, pH 4.2); 
seeds from T3 and T4 insertion lines received from NASC were cultivated on glass filters soaked 
with AlCl3 solution in sterile conditions and roots were measured after 6 days period. We found 
that two insertional mutants from the BAli/AlBi gene family are resistant towards aluminum, 
three mutants of this family behave like Col-0 wt. We will also summarize results comparing 30 
Arabidopsis accessions/ecotypes response to elevated Al. 
 
Acknowledgement: MSM0021620858 
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N 135.  Metallothioneins 2 and 3 Are Not Directly Linked to Zn Accumulation but May 
Contribute to Metal-adapted Phenotype in Metal Hyperaccumulator, Thlaspi caerulescens 
 
Hassinen V.H., Tuomainen M., Peräniemi S., Schat H., Kärenlampi S.O, Tervahauta A.I. 
 
Metal hyperaccumulation is a consequence of increased root to shoot transport and internal 
sequestration to storage organelles. Metallothioneins (MTs) are often strongly expressed in 
hyperaccumulators; however, their functions are still not fully understood. To study their role in 
Zn accumulation, the expression of TcMT type 2a, 2b and 3 were analyzed in 15 F3 families of 
two inter-accession crosses of the Cd/Zn hyperaccumulator T. caerulescens that show different 
degrees of Zn accumulation. The highest expression was found in a superior metal-accumulating 
accession compared to calamine and a non-metallicolous accession. Moreover, F3 sibling lines 
that harboured the MT2a or MT3 allele from the superior accumulating accession had higher 
expression levels. However, there was no co-segregation of TcMT2a or TcMT3 expression and 
Zn accumulation.  
When TcMT2a and TcMT3 were ectopically expressed in Arabidopsis the transformant lines had 
reduced root length in control medium but not at high metal concentrations, suggesting that the 
overexpressed MTs interfered with the physiological availability of essential metals under 
limited supply. The Arabidopsis transformant lines did not show increased Cd, Cu or Zn 
tolerance or accumulation.  
Our results suggest that TcMT2a, TcMT2b and TcMT3 are not primarily involved in Zn 
accumulation. However, the elevated expression levels in the metallicolous accessions suggests 
that they do contribute to the metal-adapted phenotype, possibly through improving Cu 
homeostasis at high Zn and Cd burdens. Alternatively, they might function as hypostatic 
enhancers of Zn or Cd tolerance. 
 
 
N 136.  An Antioxidant Redox System for Hydrogen Peroxide Detoxification in the Nucleus 
of Wheat Seed Cells Suffering Oxidative Stress 
 
Pulido P.,  Cejudo F.J 

 
Cereal seed cells contain different mechanisms for protection against the oxidative stress that 
occurs during maturation and germination. One such mechanisms is based on the antioxidant 
activity of a 1-Cys peroxiredoxin (1-Cys Prx) localized in nuclei of aleurone and scutellum cells. 
However, nothing is known about the mechanism of activation of this enzyme. Here we describe 
the pattern of localization of NADPH Thioredoxin reductase (NTR) in developing and 
germinating wheat seeds using an immunocytochemical analysis. The presence of NTR in 
transfer cells, vascular tissue, developing embryo and root meristematic cells, agrees with the 
localization of thioredoxin h (Trx h) and supports the important function of the NTR/Trx system 
in cell proliferation and communication. Interestingly, NTR is found in nuclei of seed cells 
suffering oxidative stress, thus showing co-localization with Trx h and 1-Cys Prx. To test 
whether the NTR/Trx system serves as reductant of the 1-Cys Prx, we cloned a full-length 
cDNA encoding 1-Cys Prx from wheat and expressed the recombinant protein in E. coli. Using 
the purified components, we show NTR-dependent activity of the 1-Cys Prx. Mutants of the 1-
Cys Prx allowed us to demonstrate that the peroxidatic residue of the wheat enzyme is Cys46, 
which is over-oxidized in vitro under oxidant conditions. Analysis of extracts from developing 
and germinating seeds confirmed 1-Cys Prx over-oxidation in vivo. Based on these results, we 
propose that NADPH is the source of reducing power to regenerate 1-Cys Prx in nuclei of seed 
cells suffering oxidative stress in a process catalyzed by NTR. 
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N 137.  A Comparative Study of Ni-hyperaccumulating Plants from Ultramafic Soils of 
Barberton, South Africa and the Polar Urals, Russia 
 
Kataeva M., Van Wyk A.E. 
 
Berkheya coddii Roessler and Senecio coronatus (Thunb.) Harv. (Asteraceae) are nickel-
hyperaccumulating plants growing on Ni-enriched ultramafic soils in South Africa. Plants and 
soils were collected from Agnes Mine in 2008. Alyssum obovatum (C.A.Mey.) Turcz. 
(Brassicaceae) was collected in 2005 on ultramafic Rai-Iz massif, Russia. Concentrations of Ni, 
Cr, Ca, Mg in leaves, stems, and roots were determined after digestion in accelerated reaction 
system MARS. We also determined Ni in soils. Ni in plants was measured by Electrothermal 
Atomic Absorption Spectrometry using Perkin Elmer AAS AAnalyst 600 and SIMAA 6000.  
We determined that the average Ni concentration in upper leaves of Berkheya coddii was higher, 
19000 µg·g-1 than the level of Ni in lower leaves, 15100 µg·g-1, stems, 3500 µg·g-1, and seeds. 
The same tend was observed in samples of Senecio coronatus, which displayed highest levels of 
Ni in upper leaves, 31700 µg·g-1 as compared to Ni values in medium leaves, 19500, or stems, 
13300 µg·g-1. Alyssum obovatum from the Polar Urals growing on soils with available Ni 
concentration 47.3±15 µg·g-1 has the lowest average leaf Ni concentration across studied plant 
species, 2425±160 µg·g-1. The concentration of Ni in Ni-hyperaccumulating plants displays the 
following trend: leaves>stems>roots. The highest level of Ni in leaves of Ni-hyperaccumulating 
plants may be of significance, as the epidermis is the first line of a plant defense against insects. 
 
 
N 138.  Phylogentic Comparison of the Chloroplast Antioxidant System 
 
Pitsch N., Baier M. 
 
Background: Excess light energy and the overflow of electrons from the photosynthetic electron 
transport chain result in production of reactive oxygen species (ROS), such as singlet oxygen 
and superoxide anions, inside chloroplasts. A network of enzymatic and low molecular weight 
antioxidants evolved, which protects plants from photooxidative damage over a wide range of 
environmental conditions. Various enzymes, such as ascorbate peroxidase and peroxiredoxins, 
and low molecular weight antioxidants show overlapping protection properties. 
Regulation of the chloroplast antioxidant system evolved under the selective pressure of 
photooxidative ROS production. In all sequenced chlorobionts, the antioxidant enzymes and the 
enzymes involved in the biosynthesis of low molecular weight antioxidants are nuclear encoded 
and post-translationally targeted to chloroplasts. 
Results: Genome analysis demonstrated that green algae to higher plants share a common set of 
ancestor genes for chloroplast antioxidant enzymes. However, the individual gene numbers, the 
relative expression intensities and suborganellar localization vary between the various plant 
divisions. 
Chloroplast ascorbate peroxidases show strong variations. While stromal and thylakoid-bound 
ascorbate peroxidase are encoded by two genes in Arabidopsis, the two enzymes can also result 
from alternative splicing or one enzyme activity is lacking. Sequence characteristics indicate 
ascorbate-sensitive isoforms, which are typical for chloroplasts of higher plants, besides 
ascorbate-insensitive forms in cryptogamic plants. 
In contrast, in the peroxiredoxin gene families are more conserved. Only soluble isoforms 
evolved. In all plants analyzed, at least two 2-Cys peroxiredoxins, one atypical peroxiredoxin 
(PrxQ) and one type II peroxiredoxin are chloroplast-targeted. Lack of stromal ascorbate 
peroxidase coincides with an increase in the number of genes encoding chloroplast 
peroxiredoxins. 
 
Support by the German Research Foundation (DFG) and the Heinrich-Heine-University 
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N 139.  Nicotiana tabacum L. Plant Response to Oxidative Stress Caused by Cadmium 
 
Martins L.L., Mourato M.P., Cardoso A.I., Pinto A.P., Mota A.M., Gonçalves M.L., 
Varennes A. 
  
Tobacco (Nicotiana tabacum L.) is a cadmium tolerant and accumulative plant that can be 
important to clarify the strategy of plant response against oxidative stress caused by this heavy 
metal and evaluate the extension of the damage caused by the net increase of ROS. 
With this purpose we studied the effect of Cd (0, 10, 25, 50, 100 μM) on the growth parameters, 
chlorophyll content, proline content, enzymatic antioxidative response and lipid peroxidation of 
tobacco plants grown in hydroponic culture for eleven days.  
Cadmium accumulated more in roots than in shoots. Consequently, the damage caused by 
reactive oxygen species (ROS) formation was more intense in roots. Plant growth was slightly 
affected by high cadmium concentrations, mainly at 100 μM. New leaves were more affected, 
showing visible chlorosis and a significant decrease in chlorophyll content with higher Cd 
concentrations. Cd caused a decrease in the FW leaves/FW roots ratio due to an increase of root 
production in response to the lower capacity to absorb water. An increase in malondialdehyde 
was observed, indicating that lipid peroxidation occurs as a result of ROS formation. The 
activity of guaiacol peroxidase in leaves increased, indicating that it is very important in the 
scavenging of H2O2 while the superoxide dismutase activity only increased in old leaves. 
Catalase activity was very low and ascorbate peroxidase showed constant activity levels in 
tobacco leaves, meaning that the ascorbate-glutathione pathway is less important as a defense 
mechanism. 
 
 
 
N 140.  Alleviation of PSII Photoinhibition in Hardening Phase of Cd Treated Poplar 
 
Solti A., Szegi P., Szőllősi E., Mészáros I., Sárvári E. 
 
Cadmium is a highly toxic heavy metal for all livings causing many types of stresses. In plants, 
among others, Cd inhibits the photosynthesis. It is known to affect photosystem II (PSII) at 
molecular level thereby decreasing PSII efficiency (ΦPSII). However, it may also cause 
photoinhibition due to oxidative and light stress. Nevertheless, the alleviation of Cd induced 
PSII inhibition under hardening is still unknown. Therefore, we followed changes in oxidative 
stress defence, ΦPSII and PSII excitation quenching under Cd treatment to clarify when hardening 
appears and how PSII efficiency is adapted to Cd stress. 
Experiments were performed on hydroponically cultured (10 μM Fe-citrate as iron source) 
poplar (Populus glauca) plants treated with 10 μM Cd(NO3)2 at four-leaf stage. Second leaves 
emerged during the treatment have been monitored for three weeks. By the 7th day of treatment, 
ΦPSII and ascorbate peroxidase (APX) activity showed decay, while the level of photoinhibition 
(kpi) and malondialdehyde (MDA) content increased. Thereafter, an improvement in all these 
parameters could be observed except the elevated constitutive non-radiative energy dissipation 
of PSII (Φf,D), which only showed slight changes. Under hardening MDA content, APX activity 
and efficiency of non-photochemical quenching began to alleviate first, followed by the increase 
in ΦPSII and the anti-parallel decrease in kpi. The energy dissipation of inactivated PSII centres 
(ΦNF) decreased, whereas ΔpH induced quenching (ΦNPQ) increased. Therefore ΦNPQ replaces 
the quenching of regenerating inactive reaction centres under hardening of Cd treated poplar. 
 
This work was supported by grant NN-74045 (OTKA) 
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N 141.  Effect of Cd on the Iron Re-supply Induced Greening of Iron Deficient Cucumber 
 
Sárvári E., Cseh E., Balczer T., Szigeti Z., Záray G., Fodor F. 
 
Cd induced changes in photosynthetic activity and the accumulation of chlorophyll-protein 
complexes were studied during the iron induced re-greening of iron deficient cucumber plants to 
reveal the development of Cd-induced alterations in thylakoids. 
Hydroponically grown iron deficient plants at two-leaf stage were treated with 1 μM Cd(NO3)2 
one day before the start of re-greening with 10 µM Fe-citrate. Iron deficient second leaves had 
low iron (17%) and chlorophyll (10%) content and defects in photosynthetic activity (63% 
ΔF/Fm’, 17% CO2 fixation). During re-greening for 144h, a fast increase in iron content (up to 
72h) preceded chlorophyll biosynthesis (mostly between 24 and 144h) together with a mass 
increase in the amount of all chlorophyll-proteins. However, reorganization of thylakoids 
(elevation of PSI ratio) was observed in the first 24h. CO2 fixation increased parallel to 
chlorophyll, while ΔF/Fm’ reached its maximum earlier (to 72 h). The course of greening was 
similar but strongly inhibited (iron content>chlorophyll content>CO2 fixation>ΔF/Fm’) in Cd 
treated plants, though Cd could not be detected in leaves. In the first 24h the increase in PSI 
happened at the expense of LHCII, and in the last period (72-144h) when iron content did not 
increase, PSI and LHCII was the most and less retarded complexes, respectively. 
In conclusion: Cd at moderate concentration primarily acts on chlorophyll synthesis and PSI 
biogenesis indirectly by decreasing the iron content of leaves, whereas, the development of PSII 
activity and LHCII biogenesis are less influenced without Cd in the leaves. 
 
This work was supported by grant NN-74045 (OTKA) 
 
 
 
N 142.  Effects of Salinity on Antioxidative Response in Early Maize Seedlings 
 
Kolarovič L., Demko V., Luxová M., Gašparíková O. 
 
High salinity in soil is a common environmental problem affecting plant growth and productivity 
by provoking osmotic stress and ion toxicity together with induction of oxidative stress. There is 
an increasing body of evidence which suggests that an efficient antioxidant system is important 
in combating salinity stress. The aim of this study was to determine the effects of salt stress on 
antioxidative machinery in maize (Zea mays L.), which is classified as a salt-sensitive crop plant. 
We studied activities of ascorbate peroxidase, catalase, superoxide dismutase, glutathione 
reductase, guajacol peroxidase, alternative oxidase, lipid peroxidation, electrolyte leakage, the 
rate of mitochondrial respiration, proline and ascorbate contents in root tissues of dark-grown, 4 
and 5-day-old maize seedlings. Salt stress treatment was induced by half strength Hoagland’s 
solution containing 50, 100, 200 and 300 mM NaCl. Standard methods were used to estimate our 
aims. To determine the AOX protein, a monoclonal antibody against the Sauromatum guttatum 
AOX was used. We found that mitochondrial respiration and growth were significantly reduced 
by NaCl treatments in a dose-dependent manner.  The opposite tendency was found for proline 
and ascorbate contents. Although 300 mM NaCl induced the lowest proline content and the 
highest damage of cell membranes, antioxidative machinery was extremely efficient under these 
conditions. This corresponded with high content of ascorbate. Moreover, lipid peroxidation after 
48h of 300 mM NaCl was lower than those of control. It can be concluded that the effective 
antioxidative machinery contributes to the salt tolerance of early maize seedlings. 
 
Supported by Slovak Grant Agency for Science VEGA, project No. 2/7072/07. 
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N 143.  Different Effects of Cadmium, Lead and Arsenic on Roots of Maize and Soybean  
 
Piršelová B., Schultz N., Libantová J., Moravčíková J., Fluch S., Matušíková I. 
 
Plants can accumulate heavy metals from the soil and atmosphere. Their sensitivity to these 
compounds depends on an interrelated network of physiological and molecular mechanisms. We 
studied the effect of cadmium (300 mg.l-1), lead (500 mg.l-1), and arsenic (100 mg.l-1) on the 
roots of maize (Zea mays L. cv. Quintal) and soybean (Glycine max L. cv. Korada). All three 
metals caused after 48h exposure inhibition of root growths. This strongly correlated with the 
viability of cells within the stressed tissue. Soybean was most sensitive to arsenic, least to lead. 
Maize showed similar levels of sensitivity to As and Cd, while was relatively tolerant to lead. In 
soybean, lipid peroxidation was enhanced when exposed to arsenic, while no change has been 
observed in lead- and cadmium stressed roots. In addition, the activity of total glucanases, that 
form the group 2 of so-called pathogenesis-related proteins, was increased in soybean stressed 
with lead and cadmium. In contrast, it was repressed by arsenic in both species. Apparently, 
defence mechanisms activated in the stressed plants by tested concentrations of arsenic are 
different from those triggered by lead and cadmium. 
 
  
N 144.  Stress Reactions as a Consequence of Metal Compartmentation in Foliage of 
Poplar (Populus Tremula (L.)) Grown on Soils with Zn, Cd, Cu and Pb Contamination  
 
Vollenweider P., Menard T., Günthardt-Goerg M.S. 
 
Trees established at sites polluted with toxic metals are increasingly managed for the purpose of 
phytoremediation. In order to improve the phytoextraction of soil contaminants, metal 
compartmentation and toxic effects in tree crowns need to be characterised. This study within 
the interdisciplinary framework "From Cell to Tree" 
(http://www.wsl.ch/forschung/forschungsprojekte/von_zelle_zu_baum/index_EN) analysed 
metal compartmentation from the canopy to leaf sub-cellular level, Zn binding by subcellular 
storage compounds and structural changes as a consequence of metal toxicity in foliage of yearly 
coppiced poplars. Metal distribution, microlocalisation, chelation and structural effects were 
studied using ICP-AES, several new microanalytical and cytochemical applications and different 
methods from light and electron microscopy. Analysis showed Zn to be the most abundant 
contaminant in both soil and foliage. It was discretely accumulated inside the leaf blade and 
tended to saturate leaf veins especially in older foliage. Excess Zn was more frequently stored in 
cell symplast than apoplast. Within vacuoles, cytoplasm and chloroplast sub-cellular storage 
compartments, the deposit structure, elemental composition and element ratios clearly indicated 
that Zn was chelated by phosphate groups belonging to phytate molecules. The vacuolar 
seclusion of Zn favoured metal stress tolerance whereas the diversion of Zn-phytate salts 
especially to chloroplasts caused increased oxidative stress and triggered hypersensitive and 
accelerated senescence responses centred on the lower palisade parenchyma. The 
phytoremediation potential of poplar might be improved by engineering new breeds with 
enhanced Zn-phytate binding, accelerated transfer of metals to vacuoles and alleviated vein still-
stands, thus targeting the constitutive detoxification processes existing in poplar. 
 
 
 

http://www.wsl.ch/forschung/forschungsprojekte/von_zelle_zu_baum/index_EN
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Session IV  Plant Response to Nutrient Stresses 
 

N 145.  Dynamics of the Plasma Membrane Proteome under Iron Deficiency: a 
Comparison of Strategy I and Strategy II in Plants 
 
Hopff D., Meisrimler C. N., Menckhoff L., Renaut J., Lüthje S. 
  
Plants have two major problems with iron as a free ion: its insolubility and its toxicity. Iron 
deficiency is among the most common nutritional disorders in plants. Low iron supply causes 
decreased root growth and even plant death. Iron uptake in plants is highly regulated in order to 
supply amounts sufficient for optimal growth while preventing excess accumulation and 
oxidative stress. Nowadays it appears clearly that plasma membrane redox systems are involved 
in both processes (Lüthje et al., 2008). Pea developed a reduction-based (strategy I) mechanism, 
whereas maize educed a chelation-based mechanism (strategy II) to enhance iron uptake from 
the soil. Phytosiderophores are also utilized for the uptake of other minerals and they play a key-
role in detoxification. As iron deficiency leads to oxidative stress, it can be expected that besides 
the iron reductase (PsFRO1), some other redox proteins change their state as an answer to this 
drawback.  
The aim of the present work was a comparison of plasma membranes isolated from roots of 
strategy I and II plants by proteomic approaches like differential gel electrophoresis (DIGE), 
high resolution clear native electrophoresis (hrCNE) and conventional 2D-electrophoresis 
(IEF/SDS-PAGE). We showed up- and/or down-regulation of several plasma membrane-bound 
proteins in dependence on iron deficiency. Two up-regulated proteins PSFRO1, the iron 
reductase in pea (Waters et al., 2002), and a plasma membrane-bound malate dehydrogenase 
isolated from maize (pmMDH) were characterized in more detail. 
 
Supported by Appuhn Foundation (PhD student’s grant to L.M.), the University of Hamburg 
(PhD student’s grant no. HmbNFG to D.H.), and COST FA0603 (STSM-grant to C.N.M.) 
 
  
N 146.  The Effect of Nitrogen and Potassium Stress on Nitrate Uptake in Sugarcane 
 
Robinson N., Lakshamanan P., Schmidt S. 
 
The Australian sugarcane industry covers 500 000 ha along the north eastern coast of the 
continent and is the main source of N fertilisers in catchments which discharge into the Great 
Barrier Reef. On average 50-75 kg N ha-1 is lost annually from Australian sugarcane fields, 
leading to increased subsoil nitrate stores and export of approximately 8800 t N y-1 to east-
coastal waters. N losses from soil also occur in the form of the potent greenhouse gas, N2O. 
Since N is applied as urea fertiliser early in the growing season when plant N demand is low, N 
loss occurs mostly early in the crop cycle due to nitrification, leaching and denitrification. N 
form (ammonium, nitrate, amino acids) discrimination during N uptake was tested to determine 
N source selectivity in the context of N and K supply. Sugarcane plants were grown in a 
glasshouse for 10 weeks with reciprocal combinations of low and high N and K supply (0.4 and 
10 mM N and 0.5 mM and 5 mM K, respectively). Nitrate and ammonium uptake was 
determined by 15N incorporation into shoot and root tissues after plants were supplied with either 
15NH4NO3 or NH4

15NO3 for 24 hours prior to harvest. Different preferences were evident with 
different N status, and we discuss the implications for external NUE and N management 
strategies.  
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N 147.  Ethylene Mediates Plant Response and Tolerance to Potassium Deprivation 
 
Jung J., Shin R., Schachtman D.P. 
 
Potassium deprivation leads to large reductions in plant growth and yields. How plants sense and 
transduce the stress signals initiated by potassium deprivation is poorly understood. Ethylene 
production as well as the transcription of genes involved in ethylene biosynthesis increase when 
plants are deprived of potassium. To elucidate the role of ethylene in low potassium signaling 
pathways, we used both genetic and chemical approaches. Our results showed that ethylene is 
important in tolerance to low potassium as well as for changes in both root hair and primary root 
growth. We show that ethylene acts upstream of ROS in response to potassium deprivation. The 
expression of AtHAK5 was used as a marker of potassium deprivation and was found to be 
dependent on ethylene signaling. In the ein2-1 mutant, the ethylene-mediated low potassium 
responses were not completely eliminated suggesting that some potassium deprivation induced 
responses were either ethylene independent or EIN2 independent. Ethylene signaling is a 
component of plant response to low potassium which initiates signaling from the production of 
reactive oxygen species and is important in changes in root morphology as well as whole plant 
tolerance to low nutrients. 
 
 
 
N 148.  Effects of Potassium Nitrate and Girdling on Flowering of Mango Cv. Chukanan  
 
Moneruzzaman K.M., Hossain A.B.M.S., Boyce A.N., Mekhled A.M., Saifuddin M. 
 
An experiment was carried out in garden of Institute of Biological Science, Faculty of Science, 
University of Malaya to investigate the effect potassium nitrate and girdling effect on flowering 
of mango. The warm, humid climate encourages vegetative growth and grower need to 
implement flowering treatments to maximize opportunities for high fruit yields.  The aim of the 
study was to verify the effect of Potassium Nitrate and girdling practice on flowering and 
production of mango cv. Chukanan. The experiment was composed of four treatments of two 
types of girdling (25, 50,75 and 100 days before potassium nitrate spraying) and a control 
treatment ( with out girdling). The partial ringing comprised removal of 3 cm length bark and 
remaining 1cm strip where as complete girdling no remaining strip. It was observed that 
complete girdling mango trees 50 days and partial girdling mango trees 75 days before 
potassium nitrate applications resulted in higher percentage of flowering and fruit set  in 
comparison to control. Complete girdling as a way of improves earliness and intensity of 
flowering of mango than partial girdling. The accumulation of carbohydrates in complete 
girdling is higher than partial girdling. Partial girdling prevented the translocation of 
photosynthates from above grounds parts to roots although entire inhibition in complete girdling. 
All girdling treatments showed lower vegetative growth in relation to control.  
Keywords:- Potassium Nitrate, Girdling, Mango, Flowering 
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N 149.  Nitrogen Improves the Grain Zinc Concentration in Wheat 
 
Kutman U.B., Yildiz B., Cakmak I. 
 
Zinc (Zn) deficiency is a well-documented problem affecting both human nutrition and crop 
production, globally. Nearly one-third of the world population is afflicted by Zn deficiency due 
to insufficient dietary Zn intake. Both agronomic and breeding approaches are being utilized to 
cope with Zn deficiency and contribute to Zn concentration of cereal grains, but efforts are 
impeded by the lack of knowledge on the physiological factors limiting the grain Zn 
concentration. In screening studies of over 2000 modern and wild wheat genotypes, a high 
positive correlation has been found between the grain concentrations of Zn and protein, 
indicating a role of nitrogen (N) in grain Zn accumulation. This study focused on the effects of 
varied N nutrition on the grain Zn concentration and Zn deficiency tolerance (Zn efficiency) of 
durum wheat (Triticum durum) under Zn-deficient and Zn-sufficient conditions. Increasing the N 
supply improved the Zn efficiency under Zn-deficient conditions during the early vegetative 
development. Improving the N nutrition was also effective in increasing the grain Zn 
concentration together with the grain protein concentration, and the effect was more pronounced 
at higher levels of Zn supply provided by soil and/or foliar Zn fertilization. Our results suggest 
that N management can be an effective agronomic strategy to address the global Zn malnutrition 
problem. 
 
 
 
N 150.  Cultivation of Helianthus tuberosus and Galega orientalis in Spoil Bank Substrate: 
a Potential of Arbuscular Mycorrhizal Fungi to Alleviate the Edaphic Stresses 
 
Püschel D., Sudová R., Rydlová J., Gryndler M., Vosátka M. 
 
Large-scale mining of brown coal results in formation of extensive spoil banks composed mainly 
of grey Miocene clays. Unfavourable physical properties of this substrate as well as lack of 
nutrients and organic matter represent significant stress factors limiting successful growth of 
plants. Nowadays, a new trend emerged to use reclaimed spoil banks for production of technical 
and fast growing crops. However, some crop species repeatedly fail to establish a regular cover 
or to grow on these sites at all without costly inputs of organic matter.  
Application of symbiotic arbuscular mycorrhizal fungi (AMF) has been suggested to improve 
plant establishment and biomass production on spoil banks. In a greenhouse experiment, 
Helianthus tuberosus and Galega orientalis were cultivated either in the original pure spoil bank 
clay, or in this substrate amended with a low dose of organic matter. The plants were inoculated 
with i) native AMF strains isolated  from vegetation patches on spoil banks, ii) reference isolates 
originating from man-made ecosystems, which were previously successful in supporting plant 
growth in anthropogenic substrates. The preliminary results showed significant positive effects 
of the AMF on plant growth and nutrient uptake. The potential of AMF inoculation for plant 
biomass production in spoil bank substrate will be tested in a large-scale field trial. 
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N 151.  Phosphate-Related Genes Analysed in Barley Using a VIGS System 
 
Pacak A., Barciszewska-Pacak M., Bruun-Rasmussen M., Nilsson L., Nielsen T.H., 
Albrechtsen M. 
 
Phosphorus is one of the most important plant nutrients. It is a component of nucleic acids and 
phospholipids and is also involved in regulatory processes. Phosphate, the form of phosphorus 
taken up by plants, is very often poorly accessible from the soil. This necessitates the use of 
phosphorus-containing fertilizers, with resultant risks of environmental pollution. 
Plants have developed different strategies for taking up phosphate, including a number of 
different phosphate transporters. Some of these are activated by phosphate starvation, others by 
the presence of mycorrhizal fungi. Very important roles in phosphate acquisition are played by 
transcription factors (e.g. homologous to PSR1 from Chlamydomonas reinhardtii) and by 
regulatory genes such as IPS1 (Induced by Phosphate Starvation 1) or the microRNA-regulated 
PHO2 gene. To analyze the roles and interactions of important phosphate acquisition-related 
genes in barley we use a virus induced gene silencing (VIGS) approach based on Barley stripe 
mosaic virus (BSMV). 
Some of the phosphate-related genes are expressed only in roots, some also in leaves. It is 
therefore necessary to use a tool which can turn off gene expression in both leaves and roots. 
Our results show that we are able to silence genes in roots. We will present suggestions 
concerning the difficulties sometimes experienced when using BSMV for gene silencing in 
barley roots. 
 
 
 
N 152.  Genetic Basis of a [K+]-Dependent Growth-QTL in Arabidopsis thaliana 
 
Prinzenberg A., Barbier H., Koornneef M., Reymond M. 
 
The fitness of a plant is modulated by its growth which is determined by genetic and 
environmental factors, as well as interactions between them. One important environmental factor 
is nutrient availability. For the macronutrient potassium several transporters involved in complex 
networks have been identified by mutant analysis. On the other hand, natural variation in A. 
thaliana can also be used to identify novel genes that didn’t appear in mutant screens. 
Furthermore, allelic variation among accessions is assumed to reflect adaptation to their specific 
habitats. Several Quantitative Trait Loci (QTL) of growth related traits in response to potassium 
starvation were detected in a mapping population derived from Landsberg erecta (Ler from 
Poland) and Kashmir-2 (Kas-2 from India). The nutrient supply was controlled by using a 
hydroponic system with contrasted nutrient regimes. A selected Near Isogenic Line (NIL) 
validated one of these QTL and revealed 20% of variation in response of rosette weight to 
potassium deficiency. A fine-mapping approach to unravel the genetic determinism underlying 
this variation has narrowed down this QTL from 16Mbp to 5Mbp. Fine mapping is pursued and 
candidate genes are under selection. Revealing polymorphisms between natural accessions for 
these candidates enriches our understanding of adaptation processes to potassium starvation in 
different natural habitats and their implication in plant growth.  
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N 153.  Study of Plant Response to Organics Xenobiotics - Example of Nitroaromatics. 
 
Podlipna R., Vavrikova Z., Premysl Landa, Vanek T. 
 
Background: The enzymatic systems participating in degradation of nitroaromatics in plants has 
not yet been sufficiently characterized. The aim of this study is to contribute to better 
understanding of this process to give us possibility to utilize plants for environmental protection 
and/or construct new GM plants for such purposes.. 
Methods: Plant material   
The suspension cultures of Saponaria officinalis and Arabidopsis were  used. 
Proteins identification 
2D electrophoresis  using DIGE approach were utilised 
MALDI TOF  
Mass spectra were recorded on a matrix-assisted laser desorption/ionisation reflectron time-of-
flight MALDI-TOF mass spectrometer BIFLEX. 
Gene expression 
Were studied using DNA arrays (Agillent) 
Results: The enzyme responsible for the first step of plant response, degradation of nitro- to the 
amino- group was  characterised as analogue of 12-oxophytodienoate reductase  isolated from 
Arabidopsis thaliana and tomato (Lycopersicon esculentum).  According to data, obtained using 
DNA Arrays,  enzymes responsible for the following steps will be glutathione synthase and/or 
glucosidase. 
Conclusion: We isolated and characterized a plant enzyme with nitroreductase activity, which 
participated in the TNT degradation in plants. The enzyme catalysed the first steps in the 
reduction of nitro groups in the presence of NAD(P)H under anaerobic conditions.  Identification 
of other enzymes responsible for next degradation steps  is in progress. 
 
Acknowledgement: This work were supported by  2B06187 MYES projects. 
 
 
 
N 154.  Differential Response of in Vitro Grown Potato Genotypes to Nitrogen Deficiency 
Stress 
 
Schum A., Balko C., Debnath M. 
 
Increasing nutrient use efficiency is an important aspect in sustainable agriculture as low nutrient 
efficiency levels are regularly linked to increased environmental pollution (DFG 2005: Future 
Perspectives of Agricultural Science and Research). Genetically based differences in nitrogen 
uptake and utilization efficiency have been demonstrated for several crop species. This indicates 
the feasibility of increasing the nutrient use efficiency by plant breeding. Our investigation aims 
at the identification of diverse reacting genotypes which will allow analyzing specific 
components of nitrogen efficiency. An in vitro culture system was used to grow potato plantlets 
at different nitrogen levels. Specific morphological parameters were recorded within three weeks 
of culture and kinetics of nitrogen uptake analyzed. The development of shoots and roots as well 
as nitrate uptake was differentially affected by reduction of nitrogen in the culture medium and 
varied with the genotype. Image analysis of root architecture revealed a general decrease in root 
length, root diameter, and number of root tips if the nitrogen supply was reduced to 1/8 of the 
original concentration. However, differences between genotypes were observed in respect to the 
extent specific parameters were affected. 
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N 155.  Ammonium Stress in Arabidopsis: Toxicity on the Cellular and Whole Plant Level  
 
Yang H., von der Fecht J., Neuhäuser B., Ludewig U. 
 
Together with nitrate, ammonium is a beneficial, but often limiting nitrogen (N) nutrient in 
agriculture. However, when applied in excess, ammonium gets detrimental for growth, a 
phenomenon that is also encountered in other eukaryotic and even prokaryotic organisms. Many 
plant species are highly susceptible to ammonium toxicity, especially when ammonium is 
applied as the sole nitrogen source. Although many factors have been reported to be involved in 
a variety of species, a deeper understanding of the toxicity of ammonium, or its analog 
methylammonium, is still missing. We investigated the effect of ammonium supply to 
Arabidopsis seedlings, both in the absence and presence of other N and/or carbon sources. At 
low mM concentrations, a rather typical ammonium stress is observed. To obtain a global picture 
of the transcriptomic plant adaptation to high ammonium, we performed microarray experiments 
and identified novel genes and factors involved. Using transgenic lines, including ones in which 
ammonium transport was altered, we identified plants with increased resistance. Our data 
indicate that ammonium exerts its toxic effects on different levels, on the cellular, as well as on 
the whole plant level. A summary of these factors and a global picture of ammonium toxicity 
will be presented.   
 
 
 
N 156.  The Expression of P-Induced Genes is Related to Root Hair Elongation  
 
Bremer M., Schenk M.K. 
 
Suppression subtractive hybridization revealed genes that were upregulated in P-starved roots in 
Brassica carinata. Sequencing identified genes that share homologies to a leucine-rich repeat 
protein kinase (LRR) and a proline-rich extensin-like family protein (PRP) in Arabidopsis 
thaliana. This study aims at characterizing the expression pattern of LRR and PRP by inducing 
or discontinuing phosphorus deprivation and along the root. 
Seedlings of Brassica carinata were transferred to fluctuating P-supply in nutrient solution and 
root parts were harvested daily for RNA extraction. After cDNA synthesis a semi -quantitative 
RT-PCR was performed. 
Changes in root hair length were already visible one day after changing P-supply in nutrient 
solution. Correspondingly, the expression of the root-specific LRR was induced by P-deficiency 
and inhibited by the addition of P. While the transcription of LRR responded rapidly to 
fluctuating P, the expression of PRP was weaker and more gradual. Along the root, the 
expression of LRR and PRP was highest in the tip under P-deficiency and declined continuously 
in older root parts. 
Therefore, the expression pattern of a gene with similarities to a LRR suggests a role of this gene 
in root hair elongation under P-deficiency by participating in the signal transduction pathway. In 
contrast, PRP seems to have a more general role and might be linked to root hair growth due to 
the involvement in cell wall assembly. 
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N 157.  Characterization of the Na+-Transporter HKT1 from Different Thellungiella 
Species and Ecotypes 
 
Da Costa Pereira D., Almeida P.F., Mekonnen D., Rai J., Souer E., Babakov A., De Boer 
A.H. 
 
The extremophile Brassica species, Thellungiella salsuginea, is becoming a new genetic, 
molecular and physiological model plant that both complements and contrasts the Arabidopsis 
model. The genus Thellungiella includes four species: Th. salsuginea, Th. botschantzevii, Th. 
halophila and Th. parvula. We collected seven ecotypes belonging to the first three species in 
Russia and Kazachstan from locations with very different soil and climate conditions. These 
ecotypes will be used to explore adaptation mechanisms that operate in a (salt)stress range that is 
well outside the reach of Arabidopsis. In this study we focus on the characterization of the 
Thellungiella homologue of the Arabidopsis HKT1 gene: gene and protein structure, transport 
properties and expression. We sequenced the HKT1 gene from nine Thellungiella ecotypes; 
sequence alignment of the coding sequence shows that the HKT1 gene from the Saratov ecotype 
(Th. botschantzevii) shows 17 polymorphisms as compared to the gene from Shandong ecotype 
(Th. salsuginea). Interestingly, a deletion of 16 nucleotides was found in the 5’UTR of plants 
belonging to Th. botschantzevii only. Yeast (ena1-1) complementation studies are currently in 
progress to address the question whether there are functional differences between TsHKT1/ 
AtHKT1 on the one hand and between different species on the other. Preliminary results indicate 
that TsHKT1 is a sodium transporter and that the transport capacity of the protein is higher than 
that of Arabidopsis. HKT1 expression was studied in seven Thellungiella ecotypes under control 
and salt stress conditions. As shown before in a study with Arabidopsis ecotypes, there was a 
negative correlation between HKT1 expression and shoot Na+ accumulation.  
 
  
 
N 158.  Tracking of Xenobiotic Phosphite in Plant Cells by in Vivo 31P-NMR 
 
Köck M., Luther M.  
 
Phosphite (Phi, H2PO3

-), being the active part of several fungicides, has been shown to influence 
not only the fungal metabolism but also the development of phosphate deficient plants. 
However, the mechanism of phosphite effects on plants is still widely unknown. Here we report 
on the analysis of uptake, subcellular distribution and metabolic effects of Phi in tobacco BY-2 
cells using in vivo 31P-NMR spectroscopy. Based on the kinetic properties of the phosphate 
transport system of tobacco BY-2 cells, it was demonstrated that phosphite inhibited phosphate 
uptake in a competitive manner. To directly follow the fate of phosphate and phosphite in 
cytoplasmic and vacuolar pools of tobacco cells we took advantage of the pH-sensitive chemical 
shift of the Phi anion. The NMR studies showed a distinct cytoplasmic accumulation of Phi in 
Pi-deprived cells whereas Pi resupply resulted in a rapid efflux of Phi. Pi preloaded cells shifted 
Phi directly into vacuoles. These studies allowed for the first time to follow Phi flux processes in 
an in vivo setting in plants. On the other hand, the external Pi nutrition status and the metabolic 
state of the cells had a strong influence on the intracellular compartmentalization of xenobiotic 
Phi.  
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N 159.  Study of Accumulation and Changes of Free Amino Acids in Maize (Zea mays L.) 
Leaf under Moisture Stress and Nitrogen Deficit (Vegetative Phase) 
 
Mansouri-far C., Sepehri A. 
 
Moisture stress induced by drought and it`s relation with available nitrogen in soil is one of the 
most important limited factors in growth and development of crops. In order to study the 
moisture stress as irrigation stop and it’s interaction with different nitrogen level in soil on maize 
vegetative growth, an experiment was conducted in greenhouse research. The experimental 
design was split- factorial on basis of randomize complete with three replications. Three levels 
of moisture stress (control = no stress, stress at 4-leaf stage and at 8-leaf stage) were used to the 
main plots and combinations of two levels of nitrogen fertilizer (45 and 90 μg/kg soil) and two 
maize varieties (S.C. 301 and S.C. 108) were in subplots. In this study with sap extraction from 
leaf phloem in end of each stress periods, total Free Amino Acids (FAA) and each one of them 
were measured by HPLC method and the results were statistical analyzed. It was found that, 
total of leaf FAA in 8 leaf stage increased (%18 more than control) and increase of amino acids: 
proline, serine, glycine, histidine, valine, isoleucine, leucine and phenylalanine were significant 
and other amino acids such as: glutamic acid, cysteine and lysine decreased in two stages of 
stress. Soil nitrogen deficit caused decrease in FAA specially in 8-leaf stage. However responses 
of each one of FAA to nitrogen deficit was different such that some of them increased and some 
others decreased. Differences between varieties were significant in 4-leaf stage and total FAA of 
S.C. 108 was %29.7 more than S.C. 301 which have positive correlation with drought resistance 
of them in field condition. Changes in FAA in 8-leaf stage was more significant than 4-leaf 
stage.  

 
N 160.  The Arbuscular Mycorrhizal Symbiosis in Relation to Multiple Edaphic Stress 
of the Serpentine Soils 
 
Doubková P., Sudová R., Suda J. 
 
The specific characteristics of serpentine soils impose a great challenge for the plants. In 
particular, the plants must cope with a lack of mineral nutrients, low values of calcium-to-
magnesium ratio, higher concentrations of several heavy metals (i.a. nickel) and low water 
holding capacity of this ultrabasic substrate. We suggest that the symbiosis with arbuscular 
mycorrhizal (AM) fungi is one of the important mechanisms that enable host plants to survive 
and grow under these adverse edaphic conditions. To test a contribution of the AM fungi to plant 
tolerance to the serpentine characteristics, a pot experiment was established with Knautia 
arvensis L. as a model plant. This species inhabits both serpentine and non-serpentine substrates 
and was shown to be naturally colonised with AM fungi. Eight plant populations of different 
origin were grown in a serpentine or non-serpentine substrate and left non-inoculated or 
inoculated with AM isolate native or non-native to the serpentine substrate. The AM symbiosis 
improved plant growth in both serpentine and non-serpentine substrates. However, the 
contribution of the individual isolates to host plants´ tolerance differed, depending on the origin 
of isolate and on the population. Based on these preliminary results, a series of semi-hydroponic 
experiments will be conducted where inoculated and non-inoculated K. arvensis plants will be 
subjected to various nutrient solutions, thus enabling to test separately the effects of particular 
serpentine chemical parameters. In conclusion, we have shown the importance of AM symbiosis 
for host plant tolerance to the stressful conditions of serpentine habitats, however, the 
mechanisms of this interaction still remain to be elucidated. 
 
Acknowledgement: The study is supported by the Grant Agency of the Academy of Sciences of the Czech Republic 
(grant No. KJB 600050812). 
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N 161.  Exploiting Root-to-Shoot Communication: Rootstock-Mediated Increases in Leaf 
Area and Delays in Leaf Senescence Improve Tomato Crop Productivity under Salinity 
   
Albacete A., Martínez-Andújar C., Ghanem M.E., Acosta M., Sánchez-Bravo J., Asins 
M.J, Cuartero J., Dodd I.C., Pérez-Alfocea F. 
 
The interception of light radiation by the leaves and their capacity to convert it into biomass is 
the basis for crop productivity. Under salt stress conditions, tomato crop productivity could be 
improved by grafting commercial cultivars onto salt-tolerant wild relatives, thus mediating the 
supply of root-derived ionic, nutritional and hormonal factors to the shoot and regulating leaf 
area and senescence. A commercial tomato genotype was grafted onto rootstocks from a RIL 
population derived from a cross between Solanum lycopersicum and S. cheesmanii and 
cultivated under moderate salinity (75 mM NaCl). Early variability in scion leaf area was related 
to overall productivity. Concentrations of ions (Na+ and K+) and the main root-synthesised 
hormones (abscisic acid, ABA; the cytokinins zeatin, Z, and zeatin riboside, ZR; and the 
ethylene precursor 1-aminocyclopropane-1-carboxylic acid, ACC) were analysed in leaf xylem 
sap in contrasting graft combinations. Leaf weight and area and PSII efficiency (Fv/Fm) were 
closely correlated, suggesting factors affecting leaf growth were also affecting leaf chlorophyll 
status. The concentration of the active cytokinin Z and the Z/ZR and cytokinins/ACC ratios were 
positively correlated to both leaf growth and PSII efficiency. However, the ACC/ABA ratio was 
negatively correlated with leaf biomass. Na+ concentration increased with time in the less 
vigorous graft combinations, but was not correlated with the productivity parameters. However, 
K+ concentration and the K+/Na+ in the leaf xylem sap were higher in the more vigorous graft 
combinations, and close correlated with Z concentration. The results support the hypothesis that 
the tomato crop productivity under salinity can be improved by exploiting the root-to-shoot 
hormonal communication. 
 
 
 
N 162.  The Protein Profile of Lupinus albus Roots Due to Boron Deficiency 
 
Alves M., Ricardo C. 
 
Boron (B) deficiency in plants greatly limits their growth and development. Although this is 
known for a long time, the processes where this microelement participates are not completely 
known. It is considered that B participates in the cell wall assembly due its capacity to form 
diester bridges between adjacent cis-hydroxyl-containing molecules. However, this observation 
by itself does not seem to explain all the dramatic effects that result from B deficiency. Knowing 
that the dicotyledonous plants are more sensitive to B deficiency that the monocotyledonous 
ones our attention was centred on Lupinus albus, an important grain legume crop. To try to 
elucidate the role of B in this plant, we focused our interest in the root, as the organ responsible 
for sensing nutrient deficiencies in the soil. A two-dimensional electrophoresis approach was 
used to screen the protein profile of the soluble fraction of the entire lupin root. The statistical 
analysis of this protein profile revealed that 2% of the polypeptides were differently expressed, 
while 5% seemed to appear de novo due to B deficiency and 26% of the polypeptides were 
suppressed due to this stress. These selected spots are currently being analyzed by MS/MS 
techniques and the identified proteins will be related to B deficiency. 
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N 163.  Characterization of an Arabidopsis Mutant with Altered Proline/Carbohydrate 
Ratio  
 
Keinänen M., Nukarinen E., Keski-Saari S., Porali I., Sipari N.  
 
The Arabidopsis mutant rcd1 (radical-induced cell death1) was originally isolated on the basis 
of its sensitivity to ozone. Metabolite profiling by HPLC-MSn showed that the proline content in 
rcd1 mutant is ca. 80% higher than in Col-0 wild type. An ozone tolerant rcd1 suppressor mutant 
line 311 was shown to be a very strong proline accumulator, having ca. 40-fold higher proline 
content than wild type plants. 
In our research project, we will try gain insight to the molecular basis of regulation of proline 
metabolism in Arabidopsis, and to elucidate the role of proline in abiotic stresses, specifically 
regarding the signalling components involved. The main objectives are to perform positional cloning 
of the gene causing proline accumulation in the rcd1 suppressor mutant line 311, and characterize 
the mutant, specifically in relation to oxidative stress responses, including salt and cold tolerance. So 
far, we have backcrossed the line 311 once to Col-0 wildtype, and analyzed F2 plants for proline and 
total carbohydrate content and the presence of rcd1 mutation. Among the plants that were not 
homozygous for the rcd1 mutation, only a few plants with high proline content were found. 
Surprisingly, we found instead plants with lower proline content than wild type, but with much 
higher total carbohydrate content. More detailed chemical characterization as well responses to 
abiotic stresses will be described. 
 
 
 
N 164.  Nickel Reduces the Toxic Effects of Foliar Urea Application and Improves the 
Nitrogen Use Efficiency in Urea-Fed Plants 
 
Yildiz B., Kutman B.U., Cakmak I. 
 
Nickel (Ni) is an essential micronutrient for plants and plays a critical role in urea metabolism as 
the cofactor of urease, which catalyzes the breakdown of urea to ammonia. Urea is a low-cost 
nitrogen (N) fertilizer with a high N content and therefore widely used for both soil and foliar N 
fertilization. In a few studies in the literature, positive responses to Ni fertilization have been 
reported, but the potential of Ni for global crop production is far from clear. In this study, 
soybean (Glycine max) was grown in hydroponics in a growth chamber with or without Ni 
supply from the nutrient solution. As expected, shoot Ni concentrations increased significantly 
when Ni was supplied to the plants. Nontoxic levels of Ni supply significantly reduced the 
toxicity symptoms of foliarly applied urea, with the effects being more dramatic in N-deficient 
plants. Solute leakage analysis based on electrical conductivity measurements indicated that 
membrane damage was significantly higher in Ni-deficient plants after foliar urea application. 
Dry weight analysis showed that N-deficient plants fed with Ni grew better than N- and Ni-
deficient plants after foliar application of urea. Our results suggest that Ni fertilization can be an 
effective agronomic tool to minimize the visible or hidden toxic effects of foliarly applied urea 
and improve the nitrogen use efficiency in urea-fed plants.  
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N 165.  Mineral Nutrition Status of Hydocotyle Vulgaris Growing on Seawater Affected 
Coastal Soils, Latvia 2007 
 
Karlsons A., Osvalde A., Ievinsh G. 
 

Plant and soil analysis were used to evaluate the nutritional status of Hydrocotyle vulgaris - 
endangered species from coastal march of the Baltic Sea. The results demonstrated strong impact 
of seawater on coastal soil and H. vulgaris tissue mineral content. Increased levels of N, P, K, 
Ca, Mg, S, Fe, Zn, Cu, B, and EC were stated in soils from study sites situated in close vicinity 
to sea, whereas the concentrations of Mn increased with distance from the sea. Concentrations of 
K, Ca, Mg, S, and Fe increased but Cu – decreased in H. vulgaris as proximity to the sea 
increases. There were no significant correlation between accumulation of nutrients (N, Mn, Zn, 
Na, and Cl) in plants and high supply status of these elements in soils of study sites in short 
distance from sea. Chemical results indicated extremely low Mo (0.02 mg·l -1) and low Cu (1.99 
mg·l -1) levels in the coastal soils while plant tissue concentrations were optimal to increased. 
Especially high variability of Cl concentrations was stated in soils (48 – 3120 mg·l -1, Clmin/Clmax 
78.0), while ratio of Clmin/Clmax in plant tissue reached only 2.2 (3.4 – 7.6 %). Similar trends 
were found for Na concentrations: Namin/Namax in soils and plants reached 15.0 and 3.0 
respectively. These phenomenons indicated on efficient nutrient uptake mechanisms and plant 
adaptive responses to increased substrate salinity. Although there are mineral-specific seasonal 
variations in the concentrations of nutrients and impact of sea level fluctuation, in general, mean 
macro and micronutrient concentrations in H. vulgaris could be characterized as sufficient to 
abundant. 
 
 
 
N 166.  Effects of N Form Supply on Growth and Morphogenesis of Tomato (Lycopersicon 
Esculentum Mill) Var Moneymaker  
 
Gweyi-Onyango J.P., Neumann G., Roemheld V. 
 
Growth inhibitory effects resulting from sole ammonium nutrition has been documented. Our 
results suggest lack of nitrate rather than sole ammonium as causal factor for inhibitory growth. 
Minirhizotron experiments were conducted with tomato supplied with either Arenosol or Luvisol 
and either NO3- or NH4

+ (stabilised with DMPP) as N sources. Field experiments with different 
N forms were conducted in Kenya and nutrient solution in climate chamber under controlled 
conditions (Light intensity of 250-350�E m-2 s-1), 24/200C light/dark temperature regime, and 
60% RH. Nitrogen was supplied as nitrate or ammonium and in a parallel experiment, urea 
replaced ammonium. Nitrogen treatment constituted ammonium/nitrate or nitrate/urea mixture. 
In essence, the growth medium constituted 2.0mM nitrogen in each case. In either nitrate/urea or 
nitrate/ammonium treatments; nitrate concentrations were; 0, 10, 100, 200µM, 1.0, 1.5 or 2.0 
mM and the other part made of ammonium or urea as follows: 2mM, 1990, 1900, 1800µM, 1.0, 
0.5, 0mM. There was growth inhibition with NH4

+ that disappeared with moderate NO3- supply 
in both soils (<5mg/L NO3

-) with minirhizotrons experiments. Sole NH4
+ inhibition was not 

observed in field experiment ((>5mg/L NO3
-).In nutrient solution experiment, addition of NO3- 

as low as 100µM in either nitrate/ammonium or nitrate/urea mixtures elicited growth 
comparable to 1.0-2.0mM domains probably through phytohormonal transduction cascade. 
Indeed low concentrations of nitrate in combination with high levels of NH4

+ inhibited the 
outgrowth but not the formation of lateral buds, while presence of urea reduced both number and 
elongation of lateral shoots. Manipulation of nitrogen forms can therefore be exploited to reduce 
cost of tomato production by avoiding pruning. 
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N 167.  Effects of Salinity and Nitrogen on Yield, Yield Components and Oil Content of 
Safflower (Carthamus tinctorius) 
 
Abedini R., Zamani G.R. 
 
Salinity and soil nutrient deficiencies are the main factors reducing plant productivity in arid and 
semiarid areas. Among the essential elements, nitrogen is usually the most growth limiting plant 
nutrient in saline and non-saline soils. In order to study the effects of salinity and nitrogen on 
yield, yield components and oil content of safflower, a field experiment was carried out at the 
Experimental Station of The University of Birjand during 2008. The study was done the split 
plot experiment based on Completely Randomized Block design with three replications. 
Treatments were three salinity levels (1, 5 and 9 dS/m irrigation water) as main plots and four 
nitrogen levels (46, 92, 138 and 184 kg/ha) as sub plots. IL111 safflower variety was used in this 
experiment. Results showed, salinity had significant effects on seed yield, number of head per 
square meter, number of seed per head, 1000-seed weight and oil content. Also, nitrogen had 
significant effects on seed yield, number of head per square meter and oil content. In general, 
results indicated that, increasing nitrogen in all salinity levels, increased seed yield and it was 
more in lower salinity levels. Also, as increasing nitrogen, oil content decreased and this 
reduction was more in higher nitrogen levels.  
 
 
  
N 168.  Combined Nitrate-Ammonium Fertilization Alters Hormonal Balance, Delays Leaf 
Senescence and Improves Vegetative Tomato (Solanum lycopersicum L.) Growth under 
Salinity  
   
Ghanem M.E., Martínez-Andújar C., Albacete A., Pospíšilová H., Dodd J.C., Pérez-
Alfocea F., Lutts S. 
 
A mixed nitrate/ammonium fertilisation can alleviate the negative effect of salinity in some plant 
species. To gain insights about the precise mechanisms involved, tomato (Solanum lycopersicum 
L.) plants were hydroponically grown for 3 weeks with two NO3

-/NH4
+ fertilization treatments 

(6/0.5 and 5/1.5) in the absence or presence of salt stress (100 mM NaCl). The ammonium 
enriched treatment improved the shoot and root biomasses under salinity by 35% and maintained 
the PSII efficiency in the leaves close to the control plants, while leaf senescence was 
prematurely induced by the stress under the usual fertilisation (6/0.5). This improvement was 
related not only to a lower decrease of K+ concentration but also to a higher NO3

- and NH4
+ 

contents and activity of the N-assimilatory enzymes glutamate synthase (GOGAT) and 
glutamine synthase (GS) in the leaves. The alteration of the hormonal balance under enriched 
ammonium conditions helps to explain the enhanced growth under salinity. In agreement with 
the lower reduction of stomatal conductance with this treatment, the increase in abscisic acid 
(ABA) following salinisation was lower than under 6/0.5 fertilization in leaves, roots and xylem. 
The growth-related auxin indole acetic acid (IAA) was also less reduced in the leaves and 
increased more in the roots respect to the usual fertilisation. The higher shoot growth and 
delayed leaf senescence were also correlated to a lower negative effect of salinity on the leaf 
concentration of cytokinins zeatin (Z) and zeatin-riboside (ZR), due to both a maintained root-to-
shoot xylem transport and a lower induction of the cytokinin degrading enzyme cytokinin 
oxidase (CKX) under enriched ammonium conditions. 
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N 169.  Sugar Homeostasis and Cell Wall Integrity Signalling Pathways 
 
Seguela-Arnaud M., Li Y., Corke F., Bevan M. 
 
Sugars, as a resource of energy and structural components, regulate many important cellular 
processes. In photosynthetic and sessile organisms like plants, maintenance of sugar homeostasis 
requires complex regulatory mechanisms. In recent years, a pivotal role for sugar as signalling 
molecules has become apparent and many efforts have been done to study the molecular 
mechanisms of sugar regulation. Recently, isolation and characterisation of the high sugar 
response mutant 8 (hsr8) revealed a link between sugar sensing and cell wall integrity pathways. 
The hsr8 mutant was isolated because it displayed, in response to sugar levels, increased dark 
development, increased sugar-regulated gene expression, increased starch and anthocyanin 
levels and reduced chlorophyll content (Li et al, 2007). The hsr8 mutation was mapped in the 
gene encoding the first enzyme of the arabinose biosynthetic pathway. This suggests that the 
defect in the cell wall composition is sensed, transduced to the nucleus, and lead to altered 
glucose-responsive growth and development. Genetic analysis demonstrated that the Pleiotropic 
Regulatory Locus 1 (PRL1) was one component of this cell wall integrity pathway. The aim of 
our work is to use a combination of genetic and biochemical approaches to identify components 
of the cell wall integrity pathway and to establish the relationships with sugar-responsive and 
growth control pathways. The first strategy consist in a genetic screen to isolate suppressors of 
the hsr8 mutation and the second strategy aim to further investigate the role of PRL1 and its 
putative partners in the cell wall integrity pathway. Identification of mutants and PRL1 partners 
will  provide insights in how sugar and cell wall integrity pathways are linked. 
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Session V   Signal Transduction of Stress Tolerance 
 

N 170.  Wound Jasmonate and Ethylene are Controlled by PP2C Phosphatases 
 
Meskiene I., Umbrasaite J., Choopayak C., Schwanninger M., Schweighofer A. 
 
Abiotic stress, such as wounding induces signalling pathways of protein phosphorylation 
cascades, activation of specific response genes and regulatory mechanisms leading to stress 
hormone production. Stress hormones ethylene (ET) and jasmonates (JAs) are important 
regulators of plant defence responses. However, it is not know how plant JA production is linked 
to phosphorylation signalling.  
We found that wound-induced PP2C-type phosphatase (metal-dependent Serine/Threonine 
protein phosphatase of 2C type), AP2C1 from Arabidopsis controls JA amounts in plants after 
wounding. Consequently with the JA role in plant defence responses and in plant protection 
against herbivores, ap2c1 plants revealed differential expression of marker genes and were more 
resistant to phytophagous mites. Another PP2C from Arabidopsis PP2C family was analysed by 
multiple approaches and the data suggests its control of MAPK activities, interaction with 
specific MAPK and involvement in JA control. Thus, our results demonstrate contribution of 
PP2C-type phosphatases in regulation of JA and ET levels in Arabidopsis plants. By establishing 
the PP2C-type phosphatase role as MAPK phosphatase we uncovered the link between 
phosphorylation-related signalling and JA production in plants and provide new data about 
ethylene control by phosphatases. 
 
We are supported by Austrian Science Fund (FWF) and the fellowship to J.U. from University of Vienna. 
 

N 171.  Arabidopsis PP2C Phosphatase Controls MAPKs 

Ayatollahi Z., Schweighofer A., Meskiene I. 
 
Intracellular signalling systems communicate the inputs perceived at the cell membranes to the 
nucleus to regulate cellular functions in developmental and stress responses. These transmissions 
are based on reversible protein phosphorylation performed by opposing actions of protein 
kinases and protein phosphatases. Phosphorylation of mitogen activated protein kinases (MAPK) 
is an essential posttranslational modification mechanism leading to the activation of the MAPK 
in response to stress signals. Significance of MAPK phosphorylation by upstream kinases is 
already established in Arabidopsis; but the meaning of de-phosphorylation by phosphatases is 
not recognized enough.  

Protein phosphatases of PP2C-type are S/T protein phosphatases retaining a big family (76 
members*) in comparison to all Arabidopsis protein phosphatases (in total 127). We are 
studying the function of a novel Arabidopsis PP2C (AP2Cc) by identifying its substrate(s) and 
integrating the function of this phosphatase into the known signaling pathways.  
Based on results in vitro (phosphatase and kinase assays), in yeast (yeast two-hybrid assays) and 
in vivo (co-transformation in plant cells) we identified AP2Cc as a functional MAPK 
phosphatase that specifically interacts, co-localizes with, dephosphorylates and inactivates 
selected MAPKs.  
 
This work was supported by the Austrian Science Fund (FWF) and the fellowship to Z.A Nr 313from University of 
Vienna. 
* Schweighofer et al., 2004. Trends Plant Sci 9: 236-243. 
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N 172.  Transcription Factor Interactions of the Stress-Signaling Protein RCD1 
 
Jaspers P., Brosché M., Vainonen J., Reddy R.A., Immink R., Angenent G., Kangasjärvi J. 
 
The RCD1 (Radical-induced Cell Death1) protein is a key regulator of stress and developmental 
responses in Arabidopsis and a member of a plant-specific protein family. RCD1 and SRO1 
(Similar to RCD One1) contain a WWE-domain for protein-protein-interactions and canonical 
nuclear localization sequences. In addition, RCD1, SRO1 and the other four SRO-proteins in 
Arabidopsis have the poly-ADP-ribosylase (PARP) core domain involved in NAD-binding, and 
a highly conserved C-terminal domain that is involved in protein-protein interactions. 
A yeast two-hybrid screen identified several RCD1 and SRO1-interacting proteins, most of 
which are transcription factors related to salt and osmotic stress (e.g., DREB2A). A large-scale 
pairwise y2h analysis was conducted utilizing the REGIA transcription factor collection. The 
discovered protein-protein interactions are being verified in planta and their significance to the 
regulation of stress-responsive gene expression is being studied. Also, bioinformatics work is 
ongoing to identify possible domains of RCD1 interaction in the transcription factors.  
Elucidating the dynamics of RCD1 and its interacting transcription factors on the protein level is 
likely to give new insights into how plants transmit the signal from stress stimulus to cellular 
response and ultimately to stress tolerance. 
 
 
 
N 173.  Evidence for a Signalling Role of Tocopherols in Adjustments of the Photosynthetic 
Performance of Plants under Stress Conditions 
 
Brückner K., Falk J., Krupinska K. 
 
Tocopheroles are lipophilic antioxidants and contribute to performance of photosynthesis by 
scavenging singlet oxygen which is produced by photosystem II even under low light conditions 
and which has an elevated level under conditions of excess light. Additionally, tocopherols have 
been suggested to be involved in chloroplast-to-nucleus signalling affecting carbohydrate 
metabolism. The aim of this study was to investigate potential effects of tocopherols on gene 
expression associated with photosystem II performance under stress conditions. 
The study has been performed with the Arabidopsis thaliana mutant vte1 that is defective in 
tocopherol cyclase activity and deficient in all tocopherols. vte1 plants were exposed to excess 
light conditions in combination with chilling. Mutant plants were compared to wild-type plants 
as well as to mutant plants that were grown under continuous supplementation with α-
tocopherol. Differences observed in the efficiency of photosystem II between the vte1 mutant 
grown with exogenously provided α-tocopherol and control plants not supplied with tocopherol 
suggest that plants may uptake tocopheroles. To elucidate whether the tocopherol induced 
changes in efficiency of photosystem II are accompanied by changes in expression of genes 
encoding components of the photosynthetic apparatus, RT-PCR analyses were performed under 
conditions of excess light stress. Based on the results of these studies we hypothesize that 
tocopherols affect the composition of the photosynthetic apparatus under stress conditions by 
their impact on expression of genes encoding sigma factors of plastid encoded RNA polymerase.  
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N 174.  Calcium Sensor Interacts with and Regulates Activity of the SNF1-Related Protein 
Kinase 2 Family Members 
 
Bucholc M., Ciesielski A., Goch G., Jaworska A., Aielska-Mazur A., Dobrowolska G. 
 
SNF1-related protein kinases 2 (SnRK2s) are plant specific enzymes involved in environmental 
stress signaling and in abscisic acid-regulated plant development. So far, information concerning 
regulation of these kinases activity inside the cell is limited. Our results show that SnRK2s 
interact with and can be regulated by calcium binding protein. We screened a Nicotiana 
plumbaginifolia Matchmaker cDNA library for proteins interacting with Nicotiana tabacum 
osmotic stress-activated protein kinase (NtOSAK), a member of the SnRK2 family. One protein 
strongly interacting with NtOSAK was identified; a putative EF-hand calcium-binding protein. 
Calcium binding of identified protein was confirmed by several independent methods. The 
calcium binding constant of the protein, determined by fluorescence titration of the only Trp 
protein residue, is K=2.5+/-0.9x105 M-1. The CD spectrum indicates that the secondary structure 
of the protein is significantly changed in presence of calcium, suggesting a possible function as a 
calcium sensor in plant cells.  
To determine whether identified protein interacts exclusively with NtOSAK, we cloned cDNA 
encoding calcium binding protein orthologue from Arabidopsis thaliana, produced the protein in 
yeast and bacteria, and analyzed its interaction with selected Arabidopsis SnRK2 kinases 
(SnRK2.4, SnRK2.6 and SnRK2.8). All studied kinases interact with the protein. Therefore the 
protein was named as SCaS (SnRK2 interacting calcium sensor).  
Moreover, in vitro studies revealed that activity of all studied by us SnRK2 kinases was inhibited 
by SCaS in calcium dependent manner. Since our data show that SnRK2s interact with SCaS 
also in planta, we suggest that SCaS is a negative regulator of SnRK2 kinases in response to 
calcium influx in plant cells.   
 
 
 
N 175.  The MKKKC5 - MKK2 Connection - Joint Players in Plant Stress Response? 
 
Himbert S., Forzani C., Hirt H. 
 
In plants MAPK (mitogen activated protein kinase) signaling networks are major modules in 
biotic and abiotic stress responses. In Arabidopsis thaliana 20 MAPK’s, 10 MAPKK’s (MAPK 
kinases) and 60 putative MAPKKK’s (MAPKK kinases) interact in different combinations, 
depending on the stress the plant is facing. In this way MAPK pathways offer a large capacity to 
regulate the reactions of plant cells to changing environmental conditions.  
The MKK2 pathway was shown to be involved in plant resistance to cold and salt (Teige et al., 
2004) and biotic stresses (Brader et al., 2007). A yeast-two-hybrid screen with MKK2 led to the 
discovery of a new player in the MKK2-mediated signaling cascade, named MKKKC5. In vitro 
co-immunoprecipitation confirmed the interaction between MKK2 and this putative MAPKKK. 
To address the function of MKKKC5 in the MKK2 signaling pathway, we analyzed mkkkc5 
mutant plants under different stress conditions. As observed for mkk2 mutants, germination of 
mkkkc5 seedlings was inhibited on high salt concentrations. However, in contrast to mkk2 
mutants, mkkkc5 plants showed increased sensitivity to the necrotrophic fungus Alternaria 
brassicicola, an effect also seen in MKK2 overexpressors. Transcriptome data of Alternaria 
infected mkkkc5 plants and MKK2-overexpressors revealed a strong overlap of the differentially 
regulated genes in these two lines, pointing to an involvement of both genes in Alternaria 
induced stress signaling.  
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N 176.  ROS Perception via Receptor-Like Protein Kinases 
 
Idänheimo N., Wrzaczek M., Brosché M., Kollist H., Kangasjärvi J. 
 
The production of reactive oxygen species (ROS) is a common response to many stresses in 
plants. The production and the action of ROS are critical to the stress recognition and the 
coordination of the plant’s response to those stresses. It is not known how ROS signals are 
perceived and transmitted further downstream. Gaseous ozone (O3) induces apoplastic ROS 
production similar to other stresses and is used as a tool to study ROS perception and effects of 
apoplastic ROS. Receptor-like protein kinases (RLKs) are good candidates for ROS perception 
since several members of the DUF26 (DUF-domain of unknown function) family are 
transcriptionally induced upon pathogen infection or treatment with ROS, salicylic acid and 
ozone. In their extracellular receptor domain they contain two copies of a DUF-domain, which 
contains three conserved cysteines (C-X8-C-X2-C), which might have a function in redox 
regulation and protein-protein interaction. We have found several DUF26 RLKs, which respond 
to ozone. Up-regulated gene expression and ozone sensitive phenotype of the corresponding 
knock-out plants suggests that these proteins have a role in ROS-mediated signal transduction 
pathway. We have started physical and molecular characterization of these proteins which will 
provide more information about their role in ROS perception and subsequent signal transduction, 
receptor complex, ligands and targets, regulation, etc 
 
 
 
N 177.  Arabidopsis GRI Is Involved in the Regulation of Extracellular ROS-Induced Cell 
Death 
 
Wrzaczek M.,  Brosché M., Kollist H., Kangasjärvi J. 
 
Reactive oxygen species (ROS) can function as signaling molecules during disease, stress 
adaptation and development. They are produced in response to many biotic and abiotic stresses 
in different subcellular locations. In plants, ozone and pathogen infection induce an extracellular 
oxidative burst involved in the regulation of cell death. ROS also serve as second messengers in 
abscisic acid-mediated stomatal aperture regulation and root hair growth. In flowers ROS are 
involved in the regulation of pollen tube growth and potentially in self-incompatibility. 
However, very little is known how plants can perceive the formed ROS and regulate the 
initiation and the containment of cell death. 
We have identified an Arabidopsis thaliana protein, GRIM REAPER (GRI), which is involved 
in the regulation of extracellular ROS-induced cell death. An insertion in the GRI gene causes an 
ozone-sensitive phenotype in Arabidopsis. GRI is an Arabidopsis orthologue of the Tobacco 
flower-specific Stig1 gene. GRI protein appears to be processed in leaves with a release of an N-
terminal fragment of the protein. Infiltration of a N-terminal GRI protein fragment into leaves 
caused superoxide-dependent cell death. gri has altered expression of several genes involved in 
hormone responses and reduced accumulation of salicylic acid and jasmonic acid in response to 
ozone. Analysis of the extracellular GRI protein yields novel information on how plants can 
initiate ROS-induced cell death during stress response and development.  
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N 178.  14-3-3 Proteins Interact with ABF Transcription Factors 
 
Vysotskiy D.A., Kostina M.B., Babakov A.V., De Boer A.H. 
 
In recent years the halophyte Thellungiella halophila attracted much attention as a new model 
object for research of plant abiotic stress tolerance. The members of highly conserved family of 
14-3-3 proteins play important functional roles in phosphorylation-dependent physiological 
pathways, including ABA mediated signal transduction. We purposed that ABF transcription 
factors of Thellungiella, which are the key regulators of the ABA responsive genes expression, 
can be regulated by 14-3-3 proteins. To investigate this, we identified nine isoforms of 14-3-3 
and four isoforms of ABF genes in Thellungiella plants, based on fact of close relation between 
A.thaliana and T.halophila and using RT-PCR and RACE techniques. Expression analysis using 
RT-PCR and quantitative RT-PCR reveals that the most identified isoforms of 14-3-3s are 
highly expressed in different plant tissues and slightly induced by salt treatment. Meanwhile, the 
expression of ABF genes is strongly induced by the stress. The yeast two-hybrid assay using 
ThABF4 as bait and seven Th14-3-3s as prey showed that ThABF4 interacts with five 14-3-3 
isoforms. To determine whether the putative motif in the C-terminus of ABF proteins is a target 
for binding with 14-3-3s, we introduced a point mutation in putative motif of ThABF4 that 
should block possible phosphorylation. The point mutation in ThABF4 resulted in a complete 
loss of interaction with 14-3-3s. Thus, our data suggest that 14-3-3 proteins can control ABA 
action via interactions with the components of its signaling pathway. 
 
 
 
N 179.  Wound –Responsive Calcium Dependent Protein Kinase from Barley (HvCDPK12) 
 
Lewandowska-Gnatowska E., Szczegielniak J, Muszyńska G. 
 
A unique family of Calcium Dependent Protein Kinases (CDPKs) exists only in plants and some 
protists. These protein kinases are likely to be crucial mediators of responses to diverse 
endogenous and environmental stimuli. Previously, we have isolated cDNA encoding CDPK 
from maize which was designated ZmCPK11. Mechanical wounding of maize leaves results in 
altered activity and the transcript level of the ZmCPK11.[1]  
Comparison of sequences of CDPKs allowed us to conclude that ZmCPK11 homologs are 
present only in monocots. We used barley EST sequences to isolate HvCDPK12, a structural 
homolog of ZmCPK11. Similarly to ZmCPK11, activity (monitored using in-gel kinase assay) 
and transcript (measured by RT-PCR) level of HvCDPK12 increases after wounding (activity 
after minutes, the transcript after 3-4 hours). The obtained results suggest that after the wounding 
the rapid HvCDPK12 activation is followed by the latter response manifested by a stimulation of 
specific transcription. Most wound-responsive genes are regulated by jasmonic acid (JA) 
produced in the octadecanoid pathway, where linolenic acid (18:3) is the substrate for JA 
biosynthesis. The effect of these compounds was studied. 
Treatment of barley plants by JA, as well as by 18:3 caused increasing of the transcript level of 
HvCDPK12. The presented results suggest that HvCDPK12 play a role in wound signalling 
pathway dependent on the JA. 
 
[1] Szczegielniak J, Klimecka M, Liwosz A, Ciesielski A, Kaczanowski S, Dobrowolska G, Harmon AC, 
Muszynska G (2005). Plant Physiol 139:1970-1983  
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N 180.  Novel Splicing Variant Encoding Putative Catalytic α Subunit of Maize Protein 
Kinase CK2 
 
Łebska M., Szczegielniak J., Dobrowolska G., Muszyńska G. 
 
Protein kinase CK2 is a protein kinase present in all eukaryotic cells. CK2 forms a stable 
heterotetramer, α2β2, where α is the catalytic subunit, and β the regulatory subunit. The kinase is 
implicated in critical cellular processes (Meggio and Pinna, 2003). The current knowledge of 
CK2 comes mainly from studies on animals and yeast cells, less is known about CK2 from 
plants. 
A cDNA highly homologous to the known catalytic α subunit of protein kinase CK2 was cloned 
from maize (Zea mays). It was designated ZmCK2α-4 (AAF76187). Sequence analysis shows 
that ZmCK2α-4 and the previously identified ZmCK2α-1 (X61387) are transcribed from the 
same gene, ZmPKCK2AL (Y11649). The cDNA encoding ZmCK2α-4 has three potential 
translation initiation sites. The three putative variants of ZmCK2α-4 were expressed in 
Escherichia coli as GST-fusion proteins and purified from bacterial extracts. In contrast to the 
previously characterized ZmCK2αs (ZmCK2α-1, ZmCK2α-2, ZmCK2α-3) the obtained 
GST:ZmCK2α-4 proteins were catalytically inactive as monomers and upon addition of the β 
subunit. The ZmCK2α-1 and ZmCK2α-4 transcripts were expressed differentially in various 
maize organs at different stages of development. The expression of both transcripts was induced 
by mechanical wounding of maize leaves. The obtained results suggest an involvement of CK2 
in plant development and defense against wounding. 
 
Meggio F, Pinna LA (2003) One-thousand-and-one substrates of protein kinase CK2? FASEB J 17: 349-368 
 
 
 
N 181.  Functional Analysis of MAPKK-Independent Plant MAPK Activation by 
Calmodulin 
 
Takahashi F., Mizoguchi T., Yoshida R., Ichimura K., Shinozaki K. 
 
Mitogen-activated protein kinase (MAPK) cascades are universal signal transduction modules in 
eukaryotes. In Arabidopsis, it is suggested that there are 20 genes encoding possible MAPKs, 
and these MAPKs can be divided into at least four groups (A-D). Group D has 8 members, and 
forms the largest subgroup. Group D MAPKs contain TDY motifs instead of TEY motifs in their 
T-loop and larger C-terminal regions relative to other groups. We have been focused on MPK8, 
one of the group D MAPK, for further analysis. MPK8 functioned as a member of MAPK in 
yeast mpk1 mutant based on complementation. Yeast two-hybrid and Arabidopsis protoplast 
BiFC analysis revealed that MPK8 interacts with various types of calmodulin. We showed that 
calmodulin activates MPK8 without calcium in vitro. These results suggest novel activation 
mechanisms of MAPK in plant. We will discuss the activation mechanism of MPK8. 
 
 
 



 134

N 182.  Cytosolic Glutamine Synthetase is a Potential SnRK2 Substrate in Plant Cells 
 
Wawer I., Krzywińska E., Anielska-Mazur An, Dobrowolska G. 
 
SNF1-related kinases 2 (SnRK2s) are plant specific enzymes, which are considered  
as important regulators of plant response to osmotic stress; drought and salinity.  
Nicotiana tabacum Osmotic Stress-Activated Protein Kinase (NtOSAK) is a member of the 
ABA-independent SnRK2 kinase family in tobacco. In order to gain some insight into the 
function of this kinase, we are searching for NtOSAK cellular partners. Cytosolic glutamine 
synthetase (GS) was found as one of the proteins co-immunoprecipitating with NtOSAK.  
GS is the key enzyme involved in ammonia assimilation in plants catalyzing the  
ATP-dependent condensation of NH3 with glutamate to produce glutamine. GS plays a major 
role in regulating production of proline and glutathione, molecules which protect plant cells 
against osmotic and oxidative stresses. Since in literature there are several indications that GS 
can be regulated by phosphorylation, we decided to check if GS can be an NtOSAK substrate. 
Recombinant tobacco GS1 (Gln1-3) was produced in bacteria and the purified protein was used 
in in vitro phosphorylation  assay. The results indicate that in vitro NtOSAK phosphorylates 
GS1. To evaluate whether the phosphorylation of GS1 by NtOSAK  
is specific, the in vitro phosphorylation assay was also conducted with two SnRK2 kinases from 
Arabidopsis, SnRK2.4 (an NtOSAK homologue) and SnRK2.6 (ABA-dependent SnRK2 
kinase), as well as one of CDPK kinases. NtOSAK and SnRK2.4 phosphorylated GS1 quite 
efficiently, whereas the phosphorylation by SnRK2.6 and CDPK was much lower.  
 
 
 
N 183.  The Role of F-Box-Proteins in Abiotic Stress and Stress-Related Signaling in 
Arabidopsis thaliana 
 
Piisilä M., Brader G., Keçeli M.A., Kariola T., Palva E.T.  
 
Arabidopsis genome encodes roughly 700 F-box proteins that function in protein degradation 
pathway as part of the ubiquitin proteasome system (UPS). They are involved in various 
processes including plant metabolism, hormonal responses as well as responses to environmental 
stresses. One example of the role of F-box proteins in abiotic stress response is TUBBY-like 
protein 9 (TLP9) involved in abscisic acid (ABA) signaling pathway. TLP9 interacts with 
XERICO that confers drought tolerance through increased ABA biosynthesis (Ko et al., 2006).  
The objective of this study is to identify and characterize F-box proteins involved in abiotic 
stress signaling in Arabidopsis. Using reverse genetic screen approach, we are screening mutants 
of F-box proteins belonging to C1-C4 subfamilies based on the classification of Gagne et al. 
(2002). These subfamilies contain many proteins associated with stress signaling (e.g. 
ORE9/MAX2, TLP9). The screening program includes testing freezing and ozone tolerance as 
well as ABA responses. Freezing tolerance was studied by exposing plants to -8 oC. For testing 
ozone sensitivity, plants were subjected to 300 ppm of ozone. Seed germination was studied in 
the presence of ABA. Preliminary results indicated several mutant lines showing ozone 
sensitivity and ABA insensitivity. The function of F-box genes potentially involved in altered 
stress tolerance phenotypes will be further characterized by independent mutants, genetic 
complementation and by transcriptom analysis using microarrays. 
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N 184.  The Ntmpk4 Encoded MAP Kinase is Essential for CO2-Induced Stomatal Closure 
And Ca2+ Signals in Guard Cells. 
 
Marten H., Hedrich R., Roelfsema M.R.G. 
 
Light-induced stomatal opening is mediated through two signaling pathways in guard cells. One 
pathway is blue light specific and depends on phototropins, whereas the other pathway is 
stimulated by Photosynthetic Active Radiation (PAR) and involves changes in the CO2 
concentration. The role of NtMPK4 in light-induced stomatal opening was studied. Stomata of 
NtMPK4-silenced plants show a diminished response to PAR and do not close at elevated 
atmospheric CO2 concentrations. Measurements with multi-barreled intracellular micro 
electrodes showed that CO2 activates plasma membrane anion channels in wild type Nicotiana 
tabacum guard cells, but not in NtMPK4-silenced cells. Anion channels were also activated after 
switching off PAR. In approximately half of the wild type guard cells, the anion channel 
response was accompanied by a rise of the cytoplasmic free calcium concentration. The 
darkness-induced anion channel activation and calcium signals, however, were strongly 
repressed in NtMPK4 silenced guard cells. These data thus show that NtMPK4 plays an essential 
role in CO2-and darkness-induced activation of anion channels, through Ca2+-dependent as well 
as Ca2+-independent signaling pathways. 
 
 
N 185.  Genetic Analysis of Arabidopsis thaliana Mutants That Suppress Hypersensitivity 
to ABA Derived From abh1 (ABA – hypersensitivity 1) Mutant and EcoTILLING of 
Selected Genes Related to ABA Signaling  
 
Daszkowska A., Sawczak M., Szarejko I., Małuszyński M., Szweykowska- Kulińska Z., 
Jarmołowski A. 
 
Background: The abh1 mutant contains T-DNA insertion in CBP80 gene encoding subunit of 
CBC, nuclear cap binding complex. Mutant shows hypersensitivity to ABA and tolerance to 
drought. After chemical mutagenesis we obtained lines that were insensitive to ABA. Three lines 
were chosen for genetic analysis. 
Methods: Chemical mutagenesis of abh1 mutant with ethyl sulfonate (EMS) was performed and 
selected suppressor mutants were genetically analyzed. Response of suppressors to selected 
abiotic stresses also was analyzed. 
Results: Among progeny of EMS treated plants three lines were selected, A18, A21 and A36 
that suppressed hypersensitivity to ABA during seed germination. These lines were chosen for 
genetic and molecular analysis. Series of crossings between suppressor lines revealed that they 
were non-allelic. Suppression of ABA hypersensitivity was caused by three independent loci. 
Crosses between abh1 and suppressors revealed that mutation in A18 is dominant while in A21 
and A36 recessive. Morphological traits and response to selected abiotic stresses (drought, 
osmotic, salt) were investigated. The dominant mutant A18 was the most insensitive to ABA. 
All three lines were tolerant to drought treatment. Based on literature information and 
physiological assays the candidates genes (CGs) related to ABA signaling and drought response 
were chosen. It was expected that one of them could carry a mutation that change a response to 
ABA in suppressor lines. These CGs were analyzed using EcoTILLING approach. There was no 
identified mutation in suppressor mutants when compared to parental line abh1.  
Conclusion: We believe that presented approach will help to discover new proteins that co-
operate with CBC in ABA signal transduction.  
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N 186.  Phosphorylation of the Dehydrins: Consequences for Structure, Lipid Binding and 
Kinase Specificity 
 
Eriksson S.K., Harryson P. 
 
Plants activate an array of responses upon exposure to different environmental stresses such as 
low temperature or drought.  One such response is the induction of the late embryonic abundant 
(LEA) proteins.  Although the precise function of these proteins is yet unknown, the general 
hypothesis is that they prevent membranes or other cellular components from loosing their 
physiological structures.  The dehydrins constitute a class of intrinsically disordered LEA 
proteins that are expressed under drought and low temperature.  Characteristic to the dehydrins 
are some highly conserved stretches of 7-17 residues that are repetitively scattered in their 
sequences, the K-, S-, Y- and lysine rich segments.  
In this study, of four recombinant dehydrins from Arabidopsis  (Lti30, Lti29, Cor47 and Rab18), 
we investigate how the molecular character and lipid interaction are affected by posttranslational 
phosphorylation.  The results, which are mainly based on structural analysis by CD and lipid 
binding strips, shows that although the structural response is small, phosphorylation affect the 
lipid interaction negatively.  Notably, phosphorylation in vitro of the lipid binding dehydrin 
Lti30 is performed by a different kinase as compared to the non-lipid binding Cor47 and Lti29.  
The implication is that the activity of different kinases could be an important point of regulation 
of the dehydrins putative functions. 
 
 
 
N 187.  Ethylene-Induced Epidermal Cell Death in Rice Is Mediated by Ethylene, H2O2 and 
Gα 
 
Steffens B., Sauter M.  
 
Upon submergence, many plants form adventitious roots to replace soil-borne roots that become 
disfunctional under anaerobic conditions. In rice, emergence of adventitious roots from the 
nodes is preceded by death of epidermal cells above the root primordia. Epidermal cell death 
was shown to be regulated by ethylene and H2O2. A microarray study identified 61 genes as the 
transcriptome that is co-regulated by ethylene and H2O2 during epidermal cell death. OsMT2b 
encodes a metallothionein which functions as a ROS scavenger. OsMT2b was down-regulated 
by, both, ethylene and H2O2. Analysis of OsMT2b::Tos17 and OsMT2b-RNAi rice plants 
showed that constitutive down-regulation of OsMT2b expression resulted in constitutively 
elevated epidermal cell death rates. The results indicated that control of H2O2 scavenging 
through regulation of OsMT2b is an effective means to control epidermal cell death. The results 
further indicated that H2O2 acts in a positive feedback loop to promote its own accumulation. 
Pharmacological studies revealed a role of G proteins in cell death signaling. Analysis of the d1 
(dwarf1) mutant, which is defective in the single Gα gene of rice, showed that epidermal cell 
death is dependent on signaling through Gα. Neither submergence, nor treatment with ethylene 
or H2O2 induced significantly elevated rates of cell death in d1. A model of cell death signaling 
through H2O2 and Gα is presented that integrates these results. 
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N 188.  Characterization of the OXI1 Signaling Pathway 
 
Forzani C., De la Fuente van Bentem S., Carreri A., Hirt H. 
 
Plants are able to use ROS as signaling molecules for regulating biological processes such as 
development and defense pathways. Various components are now being positioned in the ROS 
signal transduction pathway. In Arabidopsis thaliana OXI1 (oxidative signal-inducible1), a 
Ser/Thr protein kinase of the AGC family (AGC2-1), was shown to act downstream of ROS 
(Rentel et al., 2004). Then, Anthony et al., 2006 identified three Ser/Thr protein kinases (PTI1-
1, 1-2, and 1-3) as new downstream components from OXI1. In tomato, PTI1 can physically 
interact with the Ser/Thr kinase PTO, which in turn confers resistance to Pseudomonas syringae.  
In Arabidopsis PTI1 belongs to a family of 10 closely related kinases. Using a yeast two-hybrid 
screen we demonstrate that OXI1 can also interact with PTI1-4. A second two-hybrid screen 
using PTI1-4 as bait was performed and 2 other AGC kinases (AGC2-2 and 2-4) were isolated. 
Since, many different PTIs heterodimerize with AGCs in vitro, studies were undertaken to 
determine whether PTI1-4 and OXI1 indeed form a complex in planta. The interaction in vivo 
was confirmed by coimmunoprecipitation experiments from plant tissues. When 35S:PTI1-YFP 
and OXI:YFP-OXI1 fusion proteins were stably expressed in Arabidopsis both proteins localized 
in the cytoplasm near the cell periphery. Promoter GUS analysis showed that OXI1 and PTI1-4 
are both expressed in the roots as well as the root hairs. Experiments are still underway to 
uncover phenotypic similarities between oxi1 and pti1-4 mutants to further position PTI1-4 in 
the OXI1 signaling pathway.   
 
 
 
N 189.  Deciphering the Contribution of GABA Catabolism to Salt Tolerance in 
Arabidopsis thaliana 
 
Renault H., Roussel V., Arzel M., Bouchereau A., El Amrani A., Deleu C. 
  
Despite the well-documented accumulation of γ-aminobutyric acid (GABA) in response to a 
wide range of environmental stimuli, its functions in plants stress tolerance remain unclear. 
Thus, several studies have investigated the contribution of GABA synthesis in stress tolerance 
owing to the regulation of glutamate decarboxylase (GAD), the enzyme that catalyses GABA 
production, by two known stress-modulated factors: cytosolic pH and Ca2+/Calmodulin complex. 
On the contrary, the way that GABA catabolism could be implicated in regulation of GABA 
accumulation and in stress tolerance is still misunderstood.  
In this work, we investigated the contribution of GABA catabolism to salt tolerance in 
Arabidopsis thaliana by performing a functional analysis of POP2 gene encoding GABA 
transaminase (GABA-T), the first enzyme of GABA catabolism. We used a pop2 mutant and 
produced transgenic plants overexpressing POP2 in order to test their tolerance to salt stress. 
Thus, we showed that pop2 mutant was oversensitive to salt stress in a dose-dependent manner, 
POP2-overexpressing plants are under investigation and will bring new data. In parallel, 
transcriptional analysis of POP2 by Q-RT-PCR and GUS gene reporter strategy revealed that 
POP2 expression was induced by salt. Consequently, GABA-T activity was also enhanced in 
salt-treated plants. Taken together, all these data clearly showed that GABA catabolism, through 
GABA-T step, is a key regulatory point of GABA metabolism and is implicated in Arabidopsis 
salt tolerance. 
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N 190.  Barley (Hordeum vulgare) G6PDH Regulation by Abscisic Acid (ABA) under Stress 
Conditions 
 
Cardi M., Chibani K., Rouhier N., Jacquot J.-P., Esposito S. 
 
The oxidative pentose phosphate pathway (OPPP) is an alternative pathway of sugar oxidation 
vs glycolysis and TCA cycle. The main function of OPPP is the production of NADPH for 
biosyntheses, e.g. nitrogen assimilation by nitrite reductase (Bowsher et al, 1989 Planta 177:359-
366), and GOGAT (Esposito et al, 2003 Planta 216:639-647). 
G6PDH (EC 1.1.1.49) represents the regulatory enzyme the OPPP because of its tight regulation 
and redox dependence, mostly via the NADPH/NADP+ ratio (Wenderoth, 1997 JBC 272:26985-
26990). Several studies suggested an increase of G6PDH activity during different abiotic 
stresses (N-starvation, salinity, cold hardening) (Esposito et al, 2005 JXB 56:55-64, Nemoto & 
Sasakuma, 2000 Plant Sci 158:53-60). 
Barley is a useful model to study cereals but as its genome is still not fully sequenced, only a few 
gene sequences are available. A G6PDH coding sequence (GenBank AM398980) has been 
recently isolated from barley roots. A phylogenetic analysis indicates that this isoform belongs to 
the P2-G6PDH group (there are three major G6PDH classes: the cytosolic G6PDH, and the 
plastidic P1- or P2-G6PDHs) (Wenderoth et al, 1999 PMB 40:487-94). The protein exhibits a N-
terminal extension to target the enzyme to the plastids. Moreover, the in silico analysis of the 
promoter, which contains an ABA responsive element, suggests that the gene can be regulated  
under stress conditions.  
In this study, we are investigating the effect of ABA on the regulation of barley P2-G6PDH at 
the transcriptional and posttranscriptional levels after different times of exposure. 
The P2-G6PDH is affected by ABA supply, and the roles of G6PDH activity in the plastids 
under stress conditions are discussed. 
 
  
N 191.  Effect of Salt-Stress on Expression of Nhxs, H+-Atpase and VPP1 Throughout the 
Growing Zone of Maize Leaf  
 
Shoresh M., Spivak M., Bernstein N. 
  
The mechanisms by which plants respond to salt stress include extrusion and intracellular 
compartmentalization of Na+, mainly in the vacuole. Proton pumps produce the motive force that 
is used by Na+/H+ antiporters to transfer Na+ outside the cell or into the vacuole. Restriction of 
leaf elongation is a primary response observed in salt-stress. Maize leaves are suitable for studies 
into stress effects on growth due to the ordered organization of their growing zone and its 
distinct location at the leaf base. Moreover, the response of cell elongation throughout the 
growing zone to salinity is not uniform and a characteristic spatial profile of sensitivity exists 
within this short distance. Combination of expression analysis with the methods of 'growth 
kinematics' allowed mapping of stress induced changes in expression on the same temporal and 
spatial scale as cell response to salinity. We explored the possible involvement of different 
maize NHX genes as well as H+-ATPase and VPP1 in response to salinity along the leaf growing 
zone. Among seven putative NHX genes identified in the maize genome the expression of three 
increased with cell age and under salinity in the growing zone of the leaf. Supplemental calcium 
increased the expression of two NHX genes even further, under salinity. V-type-H+-ATPase is 
expressed in the growth zone while VPP1 is mostly expressed in mature region. However, under 
salinity both genes expression reduced along the growth zone. Under salinity, up-regulation of 
NHX genes may be part of the adaptation mechanism and calcium is involved in their regulation. 
Down-regulation of proton pumps may contribute to salt stress sensitivity. 
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N 192.  The Gene for N-Rich Protein is Upregulated by Different Abiotic Stress Conditions 
in Arabidopsis 
 
Höpflinger M.C., Tenhaken R. 
 
The gene for NRP (asparagine-rich protein) was originally detected in Glycine max, where it is 
strongly induced in the early pathogen response. The homologous gene in Arabidopsis is 
At5g42050. Arabidopsis NRP was classified as a member of a small gene family, which contains 
a Development and Cell Death-domain (DCD domain). The NRP gene from Arabidopsis is a 
single copy gene, based on the asparagine-rich N-terminus and the highly conserved DCD-
domain in the C-terminal part. We analysed gene expression during different stress conditions in 
order to investigate the function of NRP in the plant cell stress signalling. The NRP-gene was 
upregulated during salt stress (150 mM NaCl), ozone treatment (300 ppb) and touch induced 
stress. 
A knockout for NRP was isolated, which shows no visible phenotypes under ambient conditions. 
First experiments indicate that NRP-knockout plants are impaired in their abiotic response to 
osmotic and salt stress.  
The function of the NRP-gene is currently unknown. To further investigate the gene we 
visualised the gene expression by using a promoter-GUS fusion construct. We localised NRP 
protein in plant cells by using stably transfected Arabidopsis plants expressing NRP-GFP under 
the control of the native NRP promoter. 
A yeast-two-hybrid screen will be used to identify possible interacting proteins. 
 
 
 
N 193.  Is HPt2 from Populus Able to Interconnect Different Two-Component Signalling 
Pathways?   
 
Héricourt F., Bonillo C., Chefdor F., Depierreux C., Auguin D., Brignolas F., Carpin S. 
 
Drought stress is perceived by the plant cell as a change in osmotic pressure. The osmosensing 
pathway in Arabidopsis thaliana is constituted by a multi-step phosphorelay similar to the one of 
Saccharomyces cerevisiae. In Populus, we have identified a cDNA encoding a Histidine-
aspartate Kinase, HK1 and four cDNA encoding Histidine-containing Phosphotransfer proteins, 
HPt1 to HPt4. Yet, a specific interaction between HPt2 and the cytoplasmic domain of HK1 has 
been demonstrated in the two-hybrid system. 
In A. thaliana, AHP2, the HPt2 homologue, interacts not exclusively with AHK1, the HK1 
homologue, but also with AHK2, AHK3, AHK4, which are involved in the cytokinin signaling 
pathway. In order to determine if HPt2 is able to interconnect different signaling pathways in 
Populus, we decided to study the interaction between this protein and the poplar cytokinin 
receptors. 
As a first step, we have isolated from Populus the homologous receptors of AHK2, AHK3 and 
AHK4. The sequencing of those clones revealed the presence of the two well-conserved domains 
shared by all HKs and a high level of identity with their A. thaliana homologues. 
Our next step is about testing the interaction between HPt2 and HK2, HK3 and HK4 in the two-
hybrid system. Those tests should clarify whether or not HPt2 has similar behaviour in poplar as 
AHP2 in A. thaliana. 
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N 194.  A CDPK Pathway Acts Independently of MAPK Signaling in the Arabidopsis 
Salt-Stress Response 
 
Mehlmer N., Hofman-Rodrigues D., Wurzinger B., Teige M. 
 
Plants use different signaling pathways to respond to external signals. Intracellular signaling via 
calcium dependent protein kinases (CDPKs) or mitogen activated protein kinases (MAPKs) 
present two major signaling pathways in higher plants, which are widely used to respond to a 
changing environment. Here we show the essential function of a CDPK for salt stress adaptation 
in Arabidopsis thaliana and compare CDPK and MAPK mediated signaling in the stress 
response to address potential cross-talk. The calcium dependent protein kinase CPK3 was found 
to be strongly activated by salt stress and cpk3 mutants show a salt sensitive phenotype 
comparable to MAPK knock-out mutants. However, in contrast to animal cells, where cross-talk 
between Ca2+- and MAPK signaling is well established, these signaling pathways seem to act 
completely independent, indicating that different mechanisms mediate cellular adaptation to the 
same stress. Kinase activities of salt stress activated MAPKs were not affected in CPK3 
knockout and over-expressor plants; and vice versa CPK3 activities were not affected in plants 
with altered MAPK activities. In line with these results, salt-induced transcriptional induction of 
known stress-regulated marker genes was not altered, whereas post-translational protein 
phosphorylation patterns in wild type and cpk3 plants revealed clear differences. Together with 
the different sub-cellular localization of MAPKs and CPK3, this indicates a different and 
independent mode of action of CPK3 and MAPK pathways in the salt stress response in 
Arabidopsis. 
 
 
 
N 195.  Role of Cytokinins and Abscisic Acid in Heat and/or Drought Stress Response of 
Tobacco Plants  
 
Cervinkova H., Novak O., Tureckova V., Dobra. J, Motyka V., Vankova R. 
  
Plant hormones play an important role in stress responses, mediating fast reactions, stimulation 
of defence mechanisms as well as modulation of plant growth and development. Abscisic acid 
(ABA) and cytokinins (CK) very significantly participate in abiotic stress signal transduction.  
The level of CK and ABA metabolites was determined by mass spectrometry after 
immunoaffinity purification. 
The HS effect on bioactive CK levels was dependent on temperature, stress duration as well as 
on physiological state of plants, ranging from mild increase (accompanied by overall decrease of 
CK degradation) to strong decrease (associated with elevation of cytokinin 
oxidase/dehydrogenase activity). HS at the end of drought period led to further decrease of CK 
levels. No bioactive CK gradient in favour of upper leaves, observed during drought, occurred at 
HS. HS had transient negative effect on levels of free ABA. Simultaneously an increase of ABA 
catabolite - phaseic acid was observed in upper leaves, even higher elevation being found in case 
of combined stress. After rehydration, decrease in ABA was accompanied by elevation of its 
glucosylester.  
CK elevation correlates with enhanced metabolic activity observed during initial stress phases. 
Transient ABA decrease after HS is in accordance with enhanced respiration. After plant 
adaptation to elevated temperature, ABA mild elevation coincides with stimulation of the 
defence pathways. 
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N 196.  Calcium Signaling in Plant Response to Cold 
 
Boudsocq M., Sheen J. 
 
Calcium is an essential second messenger that mediates plant responses to diverse 
developmental and environmental cues, including cold. Calcium signals must be decoded to 
trigger specific downstream responses. Among calcium sensors, the plant-specific calcium-
dependent protein kinases (CDPKs) are directly activated by calcium binding. Because cold 
induces the expression of many genes involved in freezing tolerance, we investigated the 
possible role of CDPKs in regulating gene expression in cold signaling using Arabidopsis 
thaliana as a plant model. We developed a cell-based assay using mesophyll protoplasts and a 
reporter construct responsive to cold to carry out a functional genomic screen. We generated a 
complete set of constitutively active CDPK constructs by deleting the C-terminal calcium 
regulatory and auto-inhibitory domains. By co-expressing the reporter construct and active 
CDPKs in a protoplast transient assay, we have identified a subset of CDPKs that were able to 
mimic the cold induction of the reporter. The kinase activity was required as a mutation in the 
ATP binding site of these CDPKs abolished the reporter activation. We are currently 
investigating the molecular mechanisms underlying CDPK functions in cold-inducible 
transcription.  
 
This research was supported by a Marie Curie International fellowship within the 6th European Community 
Framework Program to M.B. and the NSF (MCB-0446109) grant to J.S. 
 
 
 
N 197.  Characterization of ERF Transcription Factors Involved in Low Oxygen Signalling 
in Arabidopsis thaliana 
 
Licausi F.,  Van Dongen J.T., Geigenberger P., Perata P. 
 
Plants often experience challenging hypoxic conditions because of soil waterlogging or complete 
flooding. Previous microarray analyses revealed that members of the Ethylene Responsive 
Factor family (ERF) are upregulated in different plants by oxygen deficiency. In the present 
work, we investigated the role of two hypoxia-responsive ERF (HRE1 and HRE2) in low 
oxygen signalling and tolerance in Arabidopsis thaliana.  
The expression pattern of the genes encoding these two transcription factors was analysed by 
means of RealTime PCR. Homozygous knock-out mutants and overexpressing lines for both 
transcription factors were obtained and compared with the wild-type with respect to their 
tolerance to anoxic treatments, fermentative enzyme activities and expression of typical 
anaerobic genes. 
Expression of Hre1 was observed to be stimulated by low oxygen only in root tissues, with a 
transient pattern, whereas Hre2 responds to oxygen deficiency in all cell types and maintains its 
expression constant for several hours. Moreover Hre1, but not Hre2, requires protein synthesis 
to be upregulated, since treatments with translation inhibitors prevented its anaerobic induction. 
Transgenic Arabidopsis plants overexpressing Hre1 showed an improved tolerance to anoxic 
treatments whereas a double knock-out mutant was more sensitive than the wild-type. Molecular 
and biochemical analyses mirrored this trend as they showed a general increased expression of 
the anaerobic genes together with an increase in fermentative activities under hypoxic 
conditions, but not in normoxia. 
In conclusion, we hypothesize that the two characterized ERF transcription factors are necessary, 
but not sufficient, for the low oxygen response in A. thaliana. 
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N 198.  ABA-Mediated Changes in Phenolic Acid Concentration in Eucalyptus In Vitro 
Tissues and Its Role in Increased Desiccation Resistance 
 
Padayachee K., Watt M.P., Edwards N., Mycock D.J. 
 
Desiccation stress is a critical factor to consider when developing cryopreservation protocols, as 
tissues must be dried extensively in order to minimize ice crystal formation and damage. 
Previous studies aimed at developing cryopreservation protocols for Eucalyptus germplasm 
demonstrated that in vitro axillary buds of Eucalyptus grandis are susceptible to injury during 
cryopreparative drying over silica gel. The studies also revealed that injury could be mitigated 
by pretreatment with abscisic acid (ABA) (see Risenga et al. for details). Microscopic 
examinations of the apical dome within ABA-pretreated buds revealed phenolic acid 
accumulation in some cells as well as the accumulation of starch grains, suggesting that 
increased resistance might be mediated by the regulation of phenolic acid and carbohydrate 
metabolism by ABA. The former is currently being investigated by comparing the concentration 
of total phenolic acids in untreated and ABA-pretreated in vitro shoots (assayed using the Folin-
Ciocalteu reagent). Preliminary data support the idea of interplay between ABA and total 
phenolic acids in E. grandis, and it is proposed that improved resistance to desiccation stress 
may be mediated, in part, by the antioxidant activities of the phenolic acids. 

 
 
 

N 199.  Insight into the Resistance Mechanism of Conyza Canadensis to Xenobiotic 
Paraquat 
 
Szigeti Z., Visnovitz T., Jóri B., Soós V., Lásztity D., Rácz I. 
 
Nonselective bipyridyl herbicide paraquat (Pq) acts by diverting electrons from PSI generating 
reactive oxygen radicals. Repeated use of Pq for total weed control resulted in selection of 
resistant biotypes including monocot and dicot plants. Resistant biotypes of horseweed C. 
canadensis was first observed in Hungary in the 80s. Examinations on functional activity and 
fluorescence imaging characteristics of leaves as well as Pq content of cell fractions revealed, 
that Pq penetrated into chloroplasts in resistant plants causing transitional inhibition followed by 
recovery with concomitant decrease in Pq content of plastids. Results indicated that resistance is 
a paraquat-induced mechanism based on sequestration of paraquat into the metabolically 
inactive vacuole. Examinations on changes in Pq-induced gene expression revealed upregulation 
of four identified ESTs. Of them, complete sequence of Ferr2 was found to be identical in 
resistant and susceptible biotyes. Sequence of Myb factor - which also exhibits Pq induced 
expression in the Pq sensitive Brassica napus - is partially determined. Upregulation of the other 
two ESTs was far greater in resistant than in susceptible biotype. These are homologous to 
transporters. A cationic amino acid transporter (CAT4) is localised in tonoplast and could 
conceivably be involved in sequestration of Pq into the vacuole. Sequence determination of these 
genes could possible give answer, whether increased expression of CAT4 (possibly due to 
mutation in Myb factor), mutation/s in CAT4 sequence, or both are responsible for higher 
effectivity of sequestration of Pq into vacuole.  
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Session VI  Functional Genomics of Abiotic Stress Tolerance 
 

N 200.  Changes in Phosphorylation of Arabidopsis Thaliana Nuclear Proteins during Salt 
Stress Response 
 
Ibragimow I., Gałgański L., Sadowski J. 
 
Protein phosphorylation is involved in the regulation of diverse biological responses. For this 
reason the phosphorylation is very dynamic process which occurs simultaneously in relation to 
various types of proteins and at different rate of intensity and stability. Currently, limited data on 
the rules that govern protein phosphorylation in nucleus area during the cellular responses to 
abiotic stresses are available. In our research we use proteomics approach to analyze the 
phosphorylation changes in Arabidopsis thaliana nuclear proteins from the cell suspension 
treated with  salt stress (250 mM NaCl). We identified about 500 nuclear phosphoproteins using 
MOAC (Metal Oxide Affinity Chromatography) method for phosphoproteins enrichment and 
mass spectrometry MS/MS analysis for protein identification. Bioinformatics analysis let us 
reveal fifteen main functional protein groups connected with major nuclear processes: DNA 
replication and reparation, gene expression, cell cycle control, nuclear transport and signal 
transduction among others. Following two hour stress, distinct changes in phosphoproteins level 
have been observed in five protein groups. We observed decrease of phosphorylation in 
ribosomal biogenesis protein and translational factors group, while its increase in transcriptional 
factors, splicing factors and chromatin remodeling proteins. These initial results show at the 
proteomics scale how the salt stress influences phosphorylation process of nuclear protein 
fraction. Results obtained are interesting basis for further studies on the protein phosphorylation 
in plant nucleus in response to stresses. 
 
 
N 201.  Metabolite Profiling Reveals a Significant Down-Regulation of Metabolites in 
Citrus Roots Subjected to Flooding 
 
Arbona V., López-Climent M.F., Argamasilla R., DeOllas C., Montoliu A., Querol A., 
Pérez-Clemente R.M., Gómez-Cadenas A. 
 
The objective in this work was the optimization of a LC-QqTOF-MS-based metabolite profiling 
methodology and its application to the study of abiotic stress responses in citrus. Citrus plants 
were subjected to continuous soil flooding for 6 days. During this period, young roots from 
control and flooded plants were collected after 1, 3 and 6 days and immediately crushed in liquid 
nitrogen to fine powder before storage at -80ºC. Metabolite profiling analyses were carried out 
on methanolic extracts from roots after injection in a LC-ESI-QqTOF-MS system. 
Measurements were performed in positive electrospray ionization mode. Separation of sample 
extracts was achieved in reversed phase liquid chromatography using water and acetonitrile 
supplemented with 0.1% formic acid as solvents. After analysis, raw data were centroided using 
leucine-enkephaline as internal lockmass reference. Thereafter, data were extracted with XCMS 
algorithm rendering a total of 2375 mass features. Results were subsequently analyzed by 
principal component analysis, cluster analysis and ANOVA of yielding a total of 283 mass 
features significantly altered by treatment. Cluster analysis showed that most of these signals 
were (131 features) down-regulated in response to soil flooding although other different trends 
could be reliably detected. After adduct removal and calculation of elemental composition from 
calculated neutral masses it will be possible to putatively annotate plant metabolites and assign 
physiological roles.  
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N 202.  Reactivation of Transcriptionally Silenced Loci by Abiotic Stress 
 
Popova O., Mladek C., Kiok K., Berlinger M.,  Luschnig C., Aufsatz W., Hauser M.-T., 
Jonak C. 
 
Plants have to develop effective mechanisms to sense and adapt to a variety of unfavourable 
environmental conditions. These mechanisms represent both short-term physiological reactions 
as well as long-term genomic adaptations. Both UV-C irradiation and virus infection induce 
somatic homologous recombination and changes in DNA methylation that are transmitted to 
subsequent generations (Moliner et al., 2006; Boiko et al., 2007). In our study various chronic 
and acute abiotic stress regimes were applied to screen for expression of a silenced 35S-pomoter 
GUS transgene in L5 line (Morel et al., 2000; Probst et al., 2004). Both UV-B irradiation and 
extreme temperatures induced a robust reactivation of the silenced transgenic reporter gene in a 
time and dosage-dependent manner. Consistently with GUS reactivation, UV-B and temperature 
stress also modulated the expression of several transcriptionally silent endogenous repeats and 
transposable elements. The study on reactivation of transcriptional gene silencing in the 
offspring of stressed plants showed that stress-mediated effects on the epigenetic status were 
transferred to subsequent generations. 
 
This project is supported by the GENome Research in AUstria (GEN-AU) project GZ 200.140/1-VI/12006. CM is 
financed through a grant from the Austrian Science Foundation (FWF project P17888). 
 
 
 
N 203.  HIPPs, a New Class of Proteins Involved in Abiotic Stress Response of Plants 
 
Barth O., Ehnert S., Förster S., Zschiesche W., Humbeck K. 
 
HIPP proteins are characterized by a heavy metal associated domain (HMA-domain) and an 
isoprenylation motif at the C-terminus. Members of this functionally not yet further 
characterized protein family could be identified in Arabidopsis thaliana and Hordeum vulgare. 
Expression studies show that members of the HIPP family are induced during different abiotic 
stress conditions including drought, cold and heavy metal stress. The nuclear localization of 
some HIPPs could be confirmed in onion epidermal cells overexpressing GFP-HIPP constructs. 
Experiments with modified HIPPs indicate that the isoprenylation motif is important for the 
spatial distribution in the nucleus. Furthermore, using promoter-GUS constructs a high 
expression could be detected in vascular tissues. By yeast-two hybrid approaches interaction 
partners of HIPP proteins could be identified. A strong interaction could be detected with the 
zinc finger homeodomain transcription factor ATHB29, which is known to play a role in 
dehydration stress response. This was confirmed by GST pull-down assays.  
In order to functionally characterize several HIPP proteins Arabidopsis thaliana mutant lines 
were established and analyzed under drought stress conditions showing a decrease in drought 
tolerance as indicated by physiological parameters. Additionally, it could be shown that knock-
out of a HIPP protein affects expression of stress related genes which are regulated by ATHB29, 
indicating again the functional relationship between HIPP proteins and this central drought stress 
related transcription factor. 
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N 204.  Stress-Induced mRNA Decay of Photosynthetic Genes in Rice 
 
Park S.-H., Kwon C.-W., Kim Y.S., Kim J.-K 
 
Many environmental stimuli including water potential, temperature extremes, and high salinity, 
regulate gene expression at transcriptional and post-transcriptional levels. We are taking a 
genomics-based approach to unravel the regulation in response to such environmental stresses in 
rice. Expression profiling with the 60K Rice Whole Genome Microarray revealed that transcripts 
of a group of genes involved in light and dark reactions are decayed much earlier than the others 
under stress conditions. We have shown that such a stress-induced mRNA decay of 
photosynthetic genes is a post-transcriptional event by using RNA pol II chromatin immuno-
precipitation assay. To delineate functional determinant(s) of the stress-induced mRNA decay, 
we chose two representative genes, RbcS and Cab, and dissected them into several components. 
Transgenic rice plants expressing different combinations of the components of the genes were 
analyzed under stress conditions using the real-time qPCR method, demonstrating that 3’UTR is 
the major mRNA sequence determinant that mediates such stress-induced mRNA decay. 
 
 
 
N 205.  Functional Characterisation of AtNFXL Proteins 
 
Schröder F., Lisso J., Müssig C. 
 
The human NF-X1 protein constituted the group of NF-X1-type zinc-finger proteins. The NF-X1 
protein forms a central cysteine-rich region consisting of several NF-X1-type zinc finger motifs. 
Proteins with NF-X1 type zinc fingers may occur ubiquitously in eukaryotes. The cysteine-rich 
region encompasses several hundred amino acids and, thus, represents a striking feature. NF-X1-
like transcription factors frequently have additional domains such as a RING finger and R3H 
motif.  
The Arabidopsis genome encodes two NF-X1-like transcription factors which we termed 
AtNFXL1 and AtNFXL2. Several atnfxl1 and atnfxl2 T-DNA insertion mutants were identified. 
Nothern-blot analysis revealed that the AtNFXL2 pre-mRNA is differentially spliced. Four 
transcripts could be identified by means of RACE-PCR. Various transgenic lines expressing 
selected splice variants, epitope-tagged proteins, or mutated proteins were established. The 
AtNFXL1 and AtNFXL2 proteins are targeted to the nucleus. Phenotypic analyses revealed that 
the AtNFXL1 and AtNFXL2 proteins play partly antagonistic roles under salt and drought stress 
conditions. The proteins affect ROS production, integrity of photosynthetic apparatus, growth, 
and survival rates. Furthermore, the AtNFXL1 protein plays a role in the control of biotic stress 
responses, because the atnfxl1 mutant was less susceptible to Alternaria alternata and Botrytis 
cinerea. 
Thus, the AtNFXL1 and AtNFXL2 proteins control stress responses and may balance 
complementary and opposing pathways.   
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N 206.  Genotypic Variation in the Expression Levels of Abiotic Stress Genes in Triticum 
Aestivum and Their Association with Carbon Assimilation Related Traits in Abiotic Stress 
Prone Environments 
  
Xue G.P., McIntyre C.L.    
 
Abiotic stress such as drought and heat are common factors affecting the grain weight and yield 
of wheat in many regions of the world.  Plants possess a number of stress protection systems to 
reduce the negative impact of abiotic stress on plant growth and productivity. In this study, we 
have examined genotypic differences in the expression levels of abiotic stress genes in wheat 
recombinant inbred lines through genome-wide expression profiling using Affymetrix wheat 
genome arrays. Our study identified genotypic variation in the mRNA levels of abiotic stress 
genes among the recombinant inbred lines, and the expression levels of abiotic stress genes 
being positively correlated with carbon assimilation related traits (such as grain weight, yield 
and stem water-soluble carbohydrates) in wheat grown in Northern Australia, where wheat crops 
are prone to terminal drought and heat stresses. Physiological analysis showed that the high-level 
abiotic stress gene expressing line from these recombinant inbred lines was more abiotic stress 
tolerant than the low-expressing line. These data provide fundamental information on the 
potential role of abiotic stress protection genes in enhancing grain weight and yield in abiotic 
stress prone environments. 
 
 
 
N 207.  The Class ARIADNE E3 Ligases and Their Interaction Partners are Involved in 
Diverse Stress Responses 
 
Nigam N., Mladek C., Torres Acosta J.A., Hauser M.T 
 
ARIADNE (ARI) ARI proteins have been identified by their interaction with the E2 UBCs in 
Drosophila, mouse and man. They belong to a large protein family of “RING between RING 
fingers” (RBR) domain proteins that have been shown to mediate protein-protein interactions 
and E3 ligase activity (1). Arabidopsis code for 14 AtARI genes and two pseudogenes (2). While 
some are transcribed constitutively at low levels and/or expressed in an organ specific manner 
others are induced by abiotic stressors (3). Based on the expression data, we tested the 
hypothesis that different AtARI members are involve in specific stress responses. We isolated T-
DNA insertion mutants of the AtARI genes for which expression was confirmable by qRT-PCR 
(2). First results on the responses of these mutants to different abiotic stressors showed that 
indeed AtARI12 is involved in responses to UV-B stress (4). Currently these analyses are 
extended to cold, oxidative and osmotic stressors. 
For AtARI8 (4) and AtARI12 (5), E3 ubiquitin ligase activity has been shown. Yet none of their 
targets were identified so far in plants. In search of interactors and putative substrates we 
performed yeast two hybrid studies with homologs of a human HHARI substrate. Here we 
present evidence that two members of a family of translation initiation factors are partners of 
ARI proteins. Interestingly we observe differential interaction patterns of these translation 
initiation factors with ARI proteins.  
In the future work will focus on the functional role of these interactions in abiotic stress 
responses. 
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N 208.  Dissection of AtMYB60 Promoter, Specific for Guard Cell Expression 
 
Cominelli E., Albertini A., Galbiati M., Tonelli C. 
 
To improve plant  performance  under water stress conditions a useful strategy consists in 
manipulating gene function specifically in guard cells. Therefore the isolation of guard cell 
specific promoters is an important goal. 
We previously reported that AtMYB60 is a R2-R3 MYB transcription factor of Arabidopsis, 
expressed in guard cells and directly involved in the regulation of stomatal movements. 
AtMYB60 promoter drives  specific  reporter gene expression in guard cells. 
Here we report the deletion analysis of AtMYB60 promoter through transgenic lines harbouring 
different portions fused to the GUS reporter gene. We identified the minimal promoter fragment 
necessary for AtMYB60 gene expression in guard cells. Through complementary approaches (site 
specific mutagenesis and one-hybrid screening) we identified DNA binding sites and proteins 
with a role in the regulation of AtMYB60 promoter activity.  
We also analyzed the response of different GUS fusion lines to ABA and to blue light to identify 
the boxes for the responses to these stimuli.  
AtMYB60 gene promoter could be considered as a useful instrument for the modulation of gene 
expression in guard cells. 
 
 
 
N 209.  From Complex Tissues to Single Cells: Genomic Approaches for the Identification 
of Guard Cell-Specific Genes 
 
Galbiati M., Francia P., Cominelli E., Simoni L, Tonelli C. 
 
Higher plants consists of several distinct tissues and cell types, each contributing to the overall 
performance of the whole organism. Most genome-wide molecular profiling studies have been 
performed on whole organs or tissues, thus only providing average measurements which mask 
differences between different cell types. This averaging effects can only be overcome by 
increasing the spatial resolution to a cell-specific level. Methods such as immunolocalization, in 
situ hybridization and reporter gene expression provide the spatial resolution needed to 
investigate gene expression or protein accumulation in single cells, but they only allow the 
analysis of individual genes or proteins. Alternative approaches, as the laser capture 
microdissection technique (LCM) and gene trapping systems can provide cellular information on 
a genome-wide scale. LCM is a rapid method of isolating pure cellular preparations directly 
from heterogeneous tissues, based on conventional histological identification. LCM-harvested 
cells can provide DNA, RNA or protein for the profiling of genomic characteristic, gene 
expression and protein spectra from individual cell types. Gene trap lines, in which endogenous 
proteins are fused to reporter markers, visually reveal the pattern of gene expression within 
individual cells in complex tissues. We combined LCM and gene trap screens to investigate gene 
expression in stomatal guard cells of Arabidopsis. Integration of data from this two approaches 
allowed the identification and validation of guard cell-specific genes and promoters. The 
potential of cell-specific analyses for the study of the plant response to water deficit and for 
possible down-stream biotechnological applications will be discussed. 
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N 210.  Differences in the Regulation of Salt Tolerance Between Cultivated Tomato and Its 
Wild Salt-Tolerant Species Solanum Pennellii Using Microarrays Analysis 
 
Vicente Agulló F .M., Garcia Abellán J. O., Campos J.F., Morales B., Moyano E., Estañ 
M.T., Sanchez-Bel P., Bolarín M.C., Flores F. B. 
 
Plant tolerance to salinity is a complex phenomenon at both cellular and whole organism levels, 
and the use of genomic tools like transcriptomic analysis may be very useful to advance in the 
knowledge of the physiological basis of salt tolerance. We have used a transcriptomic approach 
in order to identify the differences in the regulation of salt tolerance mechanisms between the 
cultivated tomato (Solanum lycopersicum, Sl) and its wild salt-tolerant species Solanum pennellii 
(Sp). Changes in gene expression due to salt stress (100 mM NaCl) applied for short-term (24 h) 
and mid-term (7 d) were significantly different in Sl plants when compared with Sp plants. It has 
been detected a differential regulation of a higher number of genes with salinity in cultivated 
tomato compared with the wild tolerant species, with a predominance of gene up-regulated 
expression processes over gene down-regulated ones. However, in wild species an induction of 
the expression of key genes occurred in response to the salt stress, including several families of 
transcription factors, drought response genes like aquaporins and dehydrins and some other 
genes involved in the biotic stress response. A higher expression of genes involved in 
bioenergetics and membrane ion transport, including some ATPase subunits and K+ and Na+ 
transporters was also observed in the wild species. The link between these transcriptional 
changes and the physiological and metabolic responses to salt stress may contribute to advance 
in the knowledge of the basis of salt tolerance and to facilitate the generation of crop plants with 
enhanced salt stress tolerance.  
 
 
 
N 211.  Proteomic Analysis of Eight Populus ×euramericana Genotypes: Genetic Variation 
in Drought Response and in Water-Use Efficiency Involve Carbon Fixation-Related 
Proteins 
 
Bonhomme L., Monclus R., Vincent D, Lomenech A.M., Plomion C., Brignolas F., 
Morabito D. 
  
Genetic variation of leaf proteome in drought response was investigated from eight Populus 
×euramericana genotypes contrasted for their leaf carbon isotope discrimination (Δ), a surrogate 
of intrinsic water-use efficiency (Wi). Plants grown in open field, half of them were submitted to 
irrigation cessation while the others remained irrigated. Leaf proteome was analyzed using 2-
DE, and responsive-proteins were identified by MS/MS analysis.  
As a whole, 863 reproducible spots were studied and 62 proteins displayed a significant 
Genotype by Treatment interaction. Among these proteins, about 70% consisted in Chloroplast-
associated proteins and were involved in the Calvin cycle and in proteins associated to 
thylakoids. The other proteins were implicated in oxidative stress, in amino acid or protein 
metabolisms. 
Correlations between Δ and protein abundance were evidenced for 37 and 8 proteins under 
control and water deficit conditions, respectively. The abundance of RuBisCO activase isoforms 
scaled negatively with Δ regardless of the treatment, suggesting that a large Wi could be due to 
higher abundance of RuBisCO activase isoforms. Under control condition, abundance of 
enzymes involved in carbon fixation was also negatively correlated with Δ, whereas abundance 
of enzymes involved in photorespiration was positively correlated.  
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N 212.  Drought-Induced Transcriptomic Changes in WT and Photorespiratory Mutants 
from the Model Legume Lotus japonicus 
 
Betti M., Díaz P., Sánchez D., Borsani O., Monza J., Márquez A. 
 
Glutamine synthetase (GS) plays a key role in plant nitrogen metabolism. In order to determine 
if plastidic GS isoform is also involved in the response to drought stress, we carried out a 
comparative study in Lotus japonicus using WT plants and plastidic GS mutant. First, we 
obtained the transcriptomes of drought-stressed and control plants using Affymetrix Lotus 
Genechip®. A total of 608 and 4540 stress-regulated genes that displayed at least 2-fold change 
in expression in WT and mutant plants respectively, compared to controls. Between this subset 
of drought (up- or down-) regulated genes, important metabolic pathways were significantly 
overrepresented; such as biosynthesis of tetrapyrroles and structural components of 
photosystems, the metabolism of different secondary metabolites, and biosynthesis of GABA 
and proline. The pathway for this latter metabolite has been studied more in detail by 
determining the level of transcript of the genes of the biosynthesis and degradation of proline by 
real-time PCR, as well as ornithine amino transferase and pyrroline-5-carboxylate synthetase 
enzymatic activities . The data obtained support and active role of plastidic GS in the response to 
drought. 
Acknowledgements: projects EU FP6-517617; Ministery of Science BIO2008-03213 and Junta 
Andalucía CVI-3026 (Spain). 
 
  
 
N 213.  Heterologous Microarrays for Transcriptomics in a Non-Model Species; 
Application to the Study of Drought Stress in Musa 
 
Davey M.W., Graham N., Vanholme B., Sean, T. May, Swennen R., Keulemans W. 
 
Systems-wide approaches such as microarray RNA-profiling are ideally suited to the study of 
the highly complex responses of plants to (a)biotic stresses. Commercial microarrays hwoever 
are only currently available for a limited number of species. Here, we evaluate the use of 
Affymetrix oligonucleotide GeneChip® microarrays to profile the response of the banana (Musa 
spp) leaf transcriptome to drought-stress using a gDNA-based probe-selection strategy to 
improve the detection efficiencies.  
Using this approach, probe pairs from over 15,000 gene-specific probe sets on the Rice 
GeneChip® microarray hybridized to Musa gDNA with a high-enough efficiency to be retained 
for transcriptomic analyses. Cross-hybridization of RNA isolated from leaves of drought-
stressed and control Musa plants resulted in the identification of 2,910 genes with >2-fold 
difference in expression level. Gene ontology classifications based on both rice and Arabidopsis 
annotations identified many functional gene categories typically associated with plant (a)biotic 
stress responses including pathogen response, cold, salt, osmotic stress and water deprivation. In 
addition, a range of regulatory genes including ERF, DREB, MYB, bZIP and bHLH 
transcription factors known to be involved in coordinating plant abiotic stress responses were 
identified. A number of Musa drought responsive transcripts colocalised with known QTLs for 
water deficit in rice. 
Our results demonstrate that despite a lack of nucleotide sequence data in Musa, heterologous 
cross-hybridisation studies using comercial oligonucleotide GeneChips® is a highly-promising 
strategy to study complex plant-environment interactions in non-model species, and can serve as 
an important tool for gene discovery in the breeding and engineering of new stress-resistant 
varieties.  
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N 214.  Short Time Proteome Modification in Maize under Saline Growth Conditions 
 
Zörb C., Schmitt S., Forreiter C., Schubert S., Mühling K.H. 
 
Under salinity plant growth is subsequently reduced. Initial responses of plant cells after 
immediate stress application are of special interest for elucidating the physiological processes 
and signals of salt resistance. We therefore focus to the effects of short-term salt exposure on the 
protein phosphorylation and the sub proteome of chloroplasts in the initial phase of salt stress. A 
set of phospho-proteins from maize were detected using a two dimensional proteomics approach 
but only 12 proteins were phosphorylated and 8 proteins were dephosphorylated after the 
application of 25 mM NaCl for 1 h. Some of the phosphorylated proteins such as glucosyl 
transferase BX9, 2-Cys-peroxyredoxine, and xyloglucane-endotransglycosylase were enhanced 
after initial salt stress, whereas isocitrate-dehydrogenase, maturase, calmodulin and a 40-S-
ribosomal protein were dephosphorylated after adjustment to saline conditions. 
Sodium ions accumulate quickly in chloroplasts in the initial phase of mild salt stress. A change 
in the chloroplast protein composition was observed without a change in water potential of the 
leaves. The sub-proteome of chloroplast proteins show that 12 salt-responsive chloroplast 
proteins increased and 8 chloroplast proteins decreased. Maize chloroplast proteins such as CF1ε 
exhibit a rather transient response at the first 4 h of salt exposure. The enhanced abundance of 
ferredoxin NADPH reductase, 23 kDa polypeptide of PS II, and the FtsH-like protein may 
reflect a mechanism to attenuate the detrimental effects of Na+ on the photosynthetic machinery.  
 
 
 
N 215.  Protein Phosphatase PP2C (ABI1) Regulates Plant Stress Tolerance to Ozone and 
Drought 
 
Ludwikow A., Sadowski J. 
 
Plant growth and productivity are limited by various environmental stresses such as ozone and 
drought. Rapid acclimation to stress conditions depends on proper perception and coordinated 
responses involving interactions between signal transduction cascades. To identify the stress-
related signalling pathways and possible crosstalk controlled by an ABA negative regulator, the 
protein phosphatase ABI1, we performed a genome-wide transcription profiling of ozone-treated 
WT and ABI1 knockout (abi1td) plants. Microarray profiling revealed a subset of 484 gene 
transcripts deregulated in abi1td in ozone and drought stress. Functional categorisation showed 
the most prominent response for genes involved in metabolism, energy, and defense in drought 
while secondary metabolism and signal transduction were over-represented in abi1td in ozone 
stress. Performed studies revealed distinct ABI1-dependent signalling pathways for ozone and 
drought stress. The analysis of promoter regions of genes affected in abi1td resulted in the 
identification of known (ABRE, DRE, and G-box elements) and a set of putative motifs that may 
act as binding sites for ABI1-regulated proteins. In drought, the ABA hypersensitivity of abi1td 
resulted in significant reduction of ABA level. Furthermore, in ozone stress the abi1td mutation 
disrupted the transcription of NCED3 and ACS2 genes what diminished both ABA and ethylene 
biosynthesis. Proved physical interaction of ABI1 with ACS2 and ACS6 explained the altered 
ethylene level in abi1td. Altogether, our findings indicate that ABI1 plays a role as a general 
signal transducer linking ABA and ethylene biosynthesis/signalling pathways to stress tolerance.  
 



 152

N 216.  A Large-Scale Analysis of Phosphorylated Proteins Regulated by ABA or Drought 
Stress 
 
Umezawa T., Sugiyama N., Mizoguchi M., Anderson J.C., Peck S.C., Ishihama Y., 
Shinozaki K. 
 
A phytohormone abscisic acid (ABA) plays an important role in drought stress response 
regulating various gene expression or stomatal closure. Some other regulatory pathways are also 
involved in drought response, known as the ABA-independent pathway. Previous studies have 
shown that both ABA-dependent/independent pathways should be regulated by protein 
phosphorylation, however, our knowledge about protein phosphorylation in Arabidopsis is quite 
limited. Recent advances in phospho-proteomics, such as a high-throughput LC-MS or phospho-
peptides purification techniques, have enabled us to survey a large number of phosphorylated 
proteins in vivo. We enriched phospho-peptides from Arabidopsis seedlings treated with ABA or 
drought stress by a metal oxide chromatography, and then the peptides were analyzed by an on-
line nanoLC-FT-MS system. At present, we identified >2,000 phospho-peptides from 
Arabidopsis, and a large part of them were up- or down-regulated by ABA or drought stress. 
Furthermore, significant differences in phospho-proteome could be observed between ABA and 
drought stress, suggesting some diverse phosphorylation cascades regulated by ABA-dependent 
or –independent pathways. Now we are analyzing several ABA-related mutants to clarify ABA-
dependent protein phosphorylation cascades in Arabidopsis. 
 
 
 
N 217.  Global Network Analysis of ABA-regulated Dehydration Stress Response by 
Transcriptomics and Metabolomics  
 
Urano K., Maruyama K., Ogata Y., Morishita Y., Takeda M., Sakurai N., Suzuki H., Saito 
K., Shibata D., Kobayashi M., Yamaguchi-Shinozaki K., Shinozaki K. 
 
ABA is a phytohormone that plays an essential role in dehydration stress response. Many of 
dehydration inducible genes are regulated by ABA signal and production. There are 6 genes 
encoding a 9-cis-epoxycarotenoid dioxygenase (NCED), a key enzyme involved in the 
biosynthesis of ABA in Arabidopsis genome. In Arabidopsis NCED gene family, NCED3 was 
required for dehydration inducible ABA accumulation that is essential for dehydration tolerance. 
In the present study, using NCED3 knockout mutant (nc3-2), we analyzed the ABA-dependent 
transcriptome and metabolome of Arabidopsis in response to dehydration stress. Metabolite 
profiling revealed that the accumulation of amino acids depended on ABA production. Whereas, 
the level of the oligosaccharide raffinose was regulated by ABA independently under 
dehydration stress. Metabolic network analysis showed that global metabolite-metabolite 
correlations occurred in dehydration-increased amino acids in WT, and strong correlations with 
raffinose were reconstructed in nc3-2. Transcriptome analysis showed that ABRE and 
AREB/ABF are major cis- and trans-acting factors, respectively, in ABA-dependent gene 
expression in the dehydration-stress response. Co-expression analysis also showed the global 
gene-gene correlations occurred in ABA-regulated genes. Integration of metabolomics and 
transcriptomics analyses revealed new molecular mechanisms of dynamic metabolic networks in 
response to dehydration stress. Endogenous ABA plays an essential role in these processes. 
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N 218.  Poplar Exposed to Drought or Heat Stress Exhibit Common and Specific 
Responses in Physiology and on Leaf Proteome 
 
Durand, T.C., Morabito D., Planchon S., Sergeant K., Carpin S., Label P., Hausman, J.F., 
Renaut J. 
 
The response of plants to environmental stress presents generic patterns but also more specific 
aspects that remain to be described. Due to their long life cycle, trees have to face many of these 
constraints. To unravel the differences related to the applied condition, a combinatory approach 
has been carried out on actively growing poplars, considered as the model plant for woody 
species. 
Young poplar cuttings were submitted to drought stress by withholding water during 12 days or 
to heat stress by exposing plants to a rapid or a stepwise increase of temperature from 22°C to 
42°C. TCA-acetone extracted proteins of leaves were separated and quantified by 2D-DIGE 
using DeCyder software. Differentially expressed proteins were identified using a MALDI-Tof-
Tof analyser.  Physiological data associated to ongoing proteomic analyses aim to bring 
information on 1) the kinetics of response to drought stress, 2) the effect of a previous heat 
acclimation on heat stress response, 3) the common or specific proteomic changes caused by 
drought and heat.  
Among the 150 differentially expressed proteins, 82% were specific dependent on the constraint 
that was applied. Nonetheless, the main functions and metabolisms affected by the different 
constraints overlap. Carbon metabolism, photosynthesis and redox homeostasis turned out to 
make up the majority of proteomic changes 
 
 
 
N 219.  A Cisgenics® Approach to Confer Drought-Tolerance in Perennial Ryegrass 
(Lolium perenne L.) 
 
Puthigae S., Templeton K., Bryant C., Sontam D., Gill G., Hanley Z. 
 
Perennial ryegrass (Lolium perenne L.) is the most important pasture grass in New Zealand and 
is subject to episodic or continual water deficit to various degrees under natural growing 
conditions.  Using the Serial Analysis of Gene Expression (SAGE) technology we analysed the 
transcriptome of perennial ryegrass during dehydration and rehydration and compared the same 
against the transcriptome of plants grown under optimal hydration to understand the mechanism 
behind drought-tolerance in this important forage grass.  Altogether, 63,157 14-mer SAGE tags 
were sequenced and, after applying various quality measures to discard poor quality tags, we 
proceeded to analyse the expression pattern of 10,133 unique tags. The tags were mapped 
against a perennial ryegrass proprietary, sequence-database consisting of methyl-filtered genome 
and EST sequences.  Through this platform, we have identified a number of transcription factors 
and genes that may increase tolerance to drought as well as a dehydrin-like promoter.  We report 
here the result from over-expressing a vacuolar H+-pyrophosphatase gene, which was otherwise 
observed to be down-regulated during drought-stress.  Our preliminary results from a screen for 
drought tolerance involving these transgenic (T0) and control plants under controlled conditions 
produced a number of T0 lines with increased resistance to drought relative to control plants. We 
are now developing a cisgenics®-based strategy for enhancing drought-stress tolerance in 
perennial ryegrass by using only ryegrass-derived genetic elements, including promoters, 
3’UTRs and plant-derived Agrobacterium T-DNA borders. 
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N 220.  Genetic Variation and Drought Response in the Leaf Proteome of Two Populus 
×euramericana Genotypes Cultivated Under Contrasting Experiment Locations 
 
Bonhomme L., Monclus R, Vincent D., Claverol S., Lomenech A.M.,  Labas V.,  Plomion 
C., Brignolas F., Morabito D. 
  
Genetic variation and water deficit effect in the leaf proteome of two Populus deltoides x P. 
nigra, cv. ‘Agathe_F’ and ‘Cima’, were analysed both in glasshouse and in open field. Poplar 
plants were submitted to a moderate water deficit over a short-term period and a long-lasting 
period, in glasshouse and in open field respectively. Leaf proteome analyses were performed 
using 2-DE, and responsive-proteins were identified by mass spectrometry.  
A reliable genetic variation was observed regardless of the experiment location, the water regime 
and the sampling date. Differences between genotypes were mainly based on relative abundance 
of protein isoforms. However, ‘Cima’ genotype displayed the highest abundance of enzymes 
involved in the prevention of oxidative damages. 
In response to water deficit, about 10% of the reproducible spots (78 spots) significantly varied 
regardless of the experiment location; among which about 25% displayed genotype dependent 
variations. The short-term moderate drought led mainly to a down-regulation of proteins 
participating to carbohydrate and amino acid metabolisms, whereas the long-lasting moderate 
drought led to an increase in enzymes involved in photosynthesis and in protection against 
oxidative stress, thus suggesting acclimative changes.  
 
 
 
N 221.  Transcript Profiling in Potato Exposed to Salt Stress 
 
Legay S., Lamoureux D., Hausman J.F., Bohn T., Hoffmann L., Evers D. 
 
In agriculture, high salinity in soil is a major cause of yield loss, depending on the sensitivity of 
the cultivated species. In plant cells, high NaCl content causes a reduced uptake of a large 
number of ions such as potassium, calcium, nitrate and phosphorus resulting in nutritional 
defects, osmotic imbalance and cellular dehydration. High NaCl content causes additional 
oxidative stress through an increase in reactive oxygen species (ROS) and a concomitant 
decrease in antagonistic detoxication systems. Potato is one of the most cultivated crops 
worldwide but is salt sensitive. In the present experiment, we studied the effect of a salt exposure 
on a potato cultivar named PS3, using a transcriptomic approach. Plants were exposed to 150 
mM NaCl. Differentially expressed genes were identified after one and three days of salt 
exposure by microarray, using the TIGR potato cDNA slide containing approximately ~15000 
different cDNA spotted twice. The results showed a strong inhibition of genes belonging to 
photosynthesis apparatus, CO2 assimilation and subsequently in carbohydrate and amino acid 
metabolism. On the other hand, we observed an increase in transcripts of cell rescue genes such 
as calcium and IP3-dependent signalling pathway, HSPs, LEA proteins and osmolyte synthesis 
such as proline and trehalose. We also observed an induction of biotic stress-responsive genes 
such as ethylene-responsive transcription factors, osmotins and PR proteins. The global 
transcriptomic response to salt stress observed here provides a valuable starting point for 
detailed studies to thoroughly understand potato response to high salinity. 
 



 155

N 222.  Temperature Strongly Modulates UVB Effects in Arabidopsis thaliana 
 
Neuschaefer-Rube O., Albert A., Seidlitz H.K., Stich S., Heller W., Ernst D. 
 
In Arabidopsis thaliana numerous transcriptome analyses upon different abiotic stressors have 
been performed. Most of these stressors have been studied separately and not in a concurrent 
manner. Here we analysed gene expression and flavonoid accumulation in A. thaliana Col-0 
plants under discrete short-term chilling treatments or UVB exposures and also under concurrent 
conditions.  
We focused on secondary metabolites, e.g. quercetin and kaempferol derivatives over a period of 
3d after transfer from ambient 22°C to 12°C together with or without supplemental UVB. 
Accumulation of these metabolites was observed 24h after transfer to 12°C (no accumulation in 
22°C control plants over 3d). As expected, supplemental UVB applied at both temperature 
regimes led to a fast and steep increase in total flavonoid content. 
Agilent oligonucleotide microarrays were used to assess gene expression changes at different 
conditions. 18-d-old plants were either exposed to chilling (12°C/22°C[ctr]), a combined chilling 
and UVB treatment (12°C+/-UVB[ctr]) or a single treatment with UVB at ambient temperature 
(22°C+/-UVB[ctr]). 8 h chilling of plants produced a set of 371 up- and 336 down-regulated 
genes, respectively, while 107 genes were induced after 8 h UVB applied to plants incubated for 
24 h at 12°C. In contrast, plants at 22°C showed an induction of 350 genes after 8 h UVB 
treatment. For selected flavonoid biosynthesis genes, qPCR time course analysis was used to 
verify the differential expression patterns during chilling and UVB treatments.  
Our data demonstrate that cold acclimation of A. thaliana resulted in a lower UVB sensitivity, 
but to a faster transcriptional response to a transiently applied UVB pulse. 
 
 
 
N 223.  Differential Proteomic Responses to Heat Stress for Two C3 Grass Species 
Contrasting in Heat Tolerance   
 
Huang B., Xu C. 
 
Protein metabolism plays an important role in plant adaptation to heat stress. Proteomics offers a 
powerful approach to discover proteins that are crucial for stress responsiveness and tolerance. 
The objective of this study was to identify differentially-expressed proteins associated with 
superior heat tolerance for thermal A. scabra adapted to geothermal areas with temperatures up 
to 45oC in Yellowstone National Park in comparison to creeping bentgrass (A. stolonifera), a 
commonly-used forage or turf grass adapted to cool climatic regions with optimal growth 
temperature up to 24oC. Plants of both grass species were exposed to 20 oC (control), 30 oC 
(moderate heat stress) or 40 °C (severe heat stress) in growth chambers. Proteins were extracted 
from roots of both species exposed to three different temperature regimes for 10 days and 
separated by two-dimensional polyacrylamide gel electrophoresis. Seventy protein spots were 
either up- or down-regulated by heat stress and their sequences were identified using mass 
spectrometry. A significantly greater number of proteins involved in carbon metabolism and 
antioxidative defense were up-regulated in thermal A. scabra than in A. stolonifera. The up-
regulation of sucrose synthase, glutathione S-transferase, superoxide dismutase, and heat shock 
protein Sti (stress inducible protein) in thermal A. scabra may contribute to its superior heat 
tolerance.  
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N 224.  Local Adaptation to Cold Temperatures in Arabis alpina: a Genome Scan 
Approach 
 
Poncet B. Herrmann D., Rioux D., Gielly L., Aubert S., Holderegger R., Taberlet P., 
Gugerli F., Laporte F., Herzog M.,  Manel S. 
 
In conservation biology and in the present context of global climate change, understand how 
wild populations are adapted to their environment or how adaptively favourable traits are 
distributed across the landscape are crucial challenges. However, this is a formidable task due to 
the technical (adaptive markers are difficult to find) and logistic problems (work load). 
Here we investigate local adaptation of Arabis alpina, a perennial Brassicaceae closely related 
to Arabidopsis thaliana through an appropriate sampling design in the Alps. We sampled 679 
individuals, in 198 sites in the French and the Swiss Alps. We genotyped 802 amplified 
fragment length polymorphism markers randomly scattered across the genome. We then 
analysed the data using complementary approaches, classical population genetic methods and 
multiple logistic regressions, in order to identify outlier loci, markers showing unusual patterns 
of variation potentially due to selection at this marker or at linked marker. Ten markers were 
identified as outliers by both approaches in at least two studied regions. Nine of them were 
correlated with the number of days with the daily minimum temperature below freezing 
temperatures. These outliers have been sequenced and compared with the Arabidopsis thaliana 
genome as reference using bioinformatic tools with the objective to identify candidate genes 
involved in local adaptation to the cold. Thanks to close phylogenetic relationships between the 
two crucifer species our research will gain enormously from the knowledge and available 
molecular/genetic resources accumulated with Arabidopsis.   
 
 
N 225.  Transcriptional and Metabolic Changes Associated with Leaf Growth Inhibition in 
Maize in Response to Cold Nights 
 
Rymen B., Baute,J., Nelissen H., Fiorani F., Morreel K., Wouters H., Vuylsteke M., Inzé 
D., Beemster G. 
 
Early season low temperatures affect the early growth of maize seedlings and limit yield in 
temperate climates. We exposed maize B73 seedlings to chilling night temperature (4°C) after 
germination and throughout the completion of leaf 4 expansion. Compared with control (18°C), 
this treatment resulted in a 25% lower steady-state leaf elongation rate during the photoperiod 
(25°C both for control and treated plants), suggesting an active inhibition of the growth process.  
To investigate this impaired growth at the cellular level, we performed a kinematic analysis of 
leaf growth on control and treated leaves. This revealed that the growth effects were explained 
by increased cell cycle duration resulting in a reduced meristematic cell production. In contrast, 
mature epidermal cell length was unaffected. 
Next, we sampled dividing, elongating and mature cells of stressed and non-stressed leaves to 
start unravelling the underlying effects on the transcriptional and metabolic level. Therefore, 
transcript profiling was performed by micro-array experiments together with real-time PCR for 
42 core cell cycle genes. These expression profiles were complemented with a quantitative 
metabolite profiling by GC-MS, allowing us to identify approximately 150 known metabolites. 
This led to the identification of specific transcriptional and metabolite profiles strongly 
associated with the different cellular growth processes at low temperature. 
Together, these results provide a comprehensive insight into the molecular and cellular 
responses of maize leaf growth to low temperature and provide a framework for future strategies 
aimed at improving the chilling tolerance of crops. 
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N 226.  Enhanced Determination of Abscisic Acid (ABA) and Abscisic Acid Glucose Ester 
(ABA-GE) in a Mediterranean Shrub by LC-ESI-MS/MS Mode. 
 
López-Carbonell M., Jáuregui O.  
 
Development of simple and reliable procedures for accurate hormone determination is very 
important. Here we present an improved, quick and simple method for the extraction and 
quantification of ABA and its major glucose conjugate, ABA-GE in plant samples. The method 
includes the addition of deuterium-labeled internal standards, a simple extraction/centrifugation 
process and the injection into the liquid chromatography-electrospray ionization tandem mass 
spectrometry (LC-ESI-MS/MS) system in multiple reaction monitoring mode. Quality 
parameters of the method have been studied. The objective of this work is to show the 
applicability of this method for quantify the endogenous content of both ABA and ABA-GE in 
Cistus albidus plants  that have been grown during an annual cycle under Mediterranean field 
conditions. Leaves samples from winter plants have low levels of ABA which increase in spring 
and summer showing two peaks that corresponded to April and August. These increases are 
coincident with the high temperature and solar radiation and the low RWC and RH registered 
along the year. On the other hand, levels of ABA-GE increase until maximum values in July, 
before ABA reaches its highest concentration, decreasing in August and during autumn and 
winter. Our results suggest that the method is useful for quantify both compounds in plant 
material and represents the advantage of a short-time sample preparation with high accuracy and 
viability. 
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Session VII Breeding and Biotechnology of Abiotic Stress Tolerance 
 

N 227.  Potential Effects of Future GM Crop Introductions with Added Abiotic Stress 
Tolerance on the Establishment of Crop/Wild Hybrids and Their Ecological Consequences 
 
Hooftman D.A.P., Hartman Y., Van Hengstum T., Van Tienderen P.H. 
 
The effects of irreversible introgression of transgenes from crops to wild relatives are critical in 
the risk assessment process of GM crops. Enhanced fitness of hybrid plants, due to a new trait or 
substance introduced, could result in a major shift in their frequency. Transgenes providing an 
increase tolerance to abiotic stress are of specific interest in this respect, as they could allow the 
carriers to invade new types of habitat. This could result in the disappearance of competing 
species, and introduce associated species (pathogens, herbivores, pollinators) to the recipient 
system. 
Here we present our framework for investigating these effects, using the following appraches: 
(i) Using RILs from a cross between (non-GM) Lactuca sativa (Lettuce) and its wild 
relative L.  serriola, we identify QTLs for abiotic stress tolerance (salt, drought and nutrients). 
Through a combination of greenhouse and field studies we investigate if abiotic strees tolerance 
is a relevant factor for the performance of introgressants in “wild” habitats. 
(ii) We investigate the consequences of a potential range expansion of introgressants for 
ecosystem functioning and diversity, by experimentally creating ‘oases’ in habitats with more 
extreme stresses than typical for L. serriola. 
(iii) Both approaches will be combined in a simulation model of the hybridisation 
process, keeping track of LD-relations between positively or negatively selected crop QTLs and 
putative future transgenes. In this model, plant reproduction depends on local conditions as well 
as their stress tolerance. The spread of genes depends on gene flow among populations as well as 
new colonizations by dispersing seeds. The aim is to better predict the likelihood of the spread of 
transgenes affecting abiotic stress, through range expansion into novel habitats. 
 
 
N 228.  Enhanced Tolerance to Oxidative Stress with Elevated Antioxidant Capacity in 
Doubled Haploid Maize Derived from Microspores Exposed to Paraquat.  
 
Darko E., Ambrus H., Fodor J., Király Z., Barnabás B. 
 
In order to improve the oxidative stress tolerance of maize ((Zea mays L.), doubled-haploid 
(DH) plants were regenerated from in vitro selected microspores exposed to paraquat. The 
efficiency of in vitro selection was tested by physiological and biochemical investigations, in 
which the tolerance to paraquat-mediated oxidative damage and antioxidant capacity of the 
second generation of fertile microspore-selected lines (DH2) were determined. In the leaves of 
paraquat-selected DH2 lines reduced accumulation of reactive oxygen species, lower rates of 
chlorophyll bleaching, protein breakdown and membrane damage, but higher photosynthetic 
activity were detected upon exposure to paraquat stress than either in the leaves of non-selected 
DH2 lines or in the original hybrid used as controls. The tolerant DH2 plants showed elevated 
activities of antioxidant enzymes such as superoxide dismutase, ascorbate peroxidise, 
glutathione reductase, glutathione S-transferase and catalase as compared to both controls. These 
results suggest that elevated antioxidant capacity may contribute to the paraquat tolerance of the 
paraquat-selected DH2 lines and in vitro microspore selection represents a potential way to 
improve oxidative stress tolerance in maize.  
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N 229.  Identifying Genetic Donors for Heat Tolerance in Rice 
 
Redoña E.D., Sierra S., Laza M. 
 
With global warming, genetic donors for developing rice varieties that tolerate temperatures 
>35°C during flowering are needed. However, very few heat tolerance donors are known from 
germplasm collections. We field-screened 455 IRRI genebank accessions from 5 ‘hot’ countries 
(Iran, Iraq, India, Pakistan, and Afghanistan) with their flowering periods timed to occur during 
the growing season’s hottest period (April-May 2008). Substantial variation was observed for 
traits important for heat tolerance. Grain sterility ranged from 7 to 93% and averaged 46% while 
pollen sterility ranged from 5 to 68% and averaged 27%. Peak anthesis occurred at 1030 (42%) 
and 1130 (36%) hrs. The most promising 200 accessions were screened further under controlled 
conditions (38/21°C day/night temperatures and 75/85% day/night RH). The main tiller was 
exposed to 38°C for 6 hrs (0830-1430 hrs) until all spikelets completed anthesis. Grain and 
pollen sterilities ranged from 68% to 100% and 6% to 100%, and averaged 95% and 27%, 
respectively. Mean duration of exposure to 38°C was 10 days and grain sterility was 
significantly correlated with exposure duration (r=0.148**). The effect of high temperature 
varied with genotypes with the tolerant check variety (N22) being the least affected. Potential 
donors identified included Sadri Seln (Iran), T75 (India), Narrow Columi Kundry (Afghanistan), 
Hezawy (Iraq), Single Head 73 (Afghanistan), and Lawangin Garma Baghlan (Afghanistan). 
Performance of the best 100 accessions will be confirmed further under field and controlled 
conditions.   
 
 
 
N 230.  Intragenic Approaches to Develop Potatoes with Increased Tolerance to Abiotic 
Stress 
 
Catanach A.S., Pringle J.M., Meiyalaghan S., Jacobs J.M.E., Conner A.J. 
 
While significant progress has been made towards developing transgenic crop cultivars with 
increased tolerance to abiotic stress, concerns regarding consumer acceptance constrain 
opportunities to commercialise  transgenic  stress-tolerant cultivars. To address this  issue, we 
are using “intragenics” to develop new stress-tolerant potato varieties. Binary  vectors were 
constructed that carry sequences with the functional  equivalence of a T-DNA region designed 
entirely from potato DNA sequences. These are being used to build expression cassettes of novel 
potato promoter and gene combinations for transfer via Agrobacterium mediated transformation.  
We have isolated the stress-associated potato genes StEREBP1 and StCBF1 and will investigate 
their effectiveness at conferring abiotic stress tolerance when driven by the StLhca3 promoter.  If 
proven effective at increasing stress-tolerance, these genes will be placed under a stress-
inducible promoter, aimed at limiting any negative effects of constitutive expression. Potential 
potato stress-inducible promoters of putative orthologous genes of a stress-inducible sweet 
potato anionic peroxidise (SWPA2) are being isolated and tested for their stress-inducibility.  
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N 231.  Methyl Jasmonate Plays a Major Role in Stress-Induced Loss of Grain Yield 
 
Kim E.H., Koo Y.J., Kim Y.S, Lee I.J., Kim M.-K., Choi Y. D., Kim J.K. 
 
Jasmonic acid (JA) is involved in plant development and defense response. Transgenic rice 
plants that overexpresses Arabidopsis jasmonic acid carboxyl methyltransferase gene (AtJMT) 
under the regulation of the Ubi1 promoter had an elevated level of MeJA by 6-fold in young 
panicles. Grain yield was significantly reduced in Ubi1:AtJMT plants by having much lower 
numbers of spikelet per panicle and of filling rate than those of nontransgenic (NT) control 
plants.  The Ubi1:AtJMT plants had altered numbers of spikelet organs including lemma, palea, 
lodicule, anther and carpel. The loss of grain yield and alteration in spikelet organ numbers 
could be reproduced by treating NT plants with exogenous MeJA. These results indicate that the 
increased levels of MeJA in Ubi1:AtJMT and MeJA-treated NT plants inhibit developing 
spikelet meristems and/or normal spikelets, consequently resulting in the loss of grain yield. 
Interestingly, NT plants exposed to drought conditions had increased levels of MeJA by 19-fold 
in developing young panicles, resulting in reduction of grain yield in a similar manner to that of 
the Ubi1:AtJMT plants. Levels of abscisic acid (ABA), a plant stress hormone, in the drought-
treated NT panicles were increased only by 1.5-fold. By using oligomeric microarray and real-
time PCR analyses, we identified 7 genes that are regulated both in the Ubi1:AtJMT and in 
drought-treated NT panicles as compared to NT panicles. These observations suggest that MeJA 
plays a major role in loss of grain yield under stress conditions by mediating stress signals to 
alteration of spikelet development in rice. 
 
 
 
N 232.  Selection Traits for Drought Tolerance in Cereals 
 
Chloupek O., Dostál V., Středa T. 
  
Global climate changes with increasing temperatures and soil drought are challenge also for 
plant breeding. Unpremeditated selection trait for drought tolerance is adaptability of breeding 
lines to dry environment in different locations and different years within mega-environments for 
which they are intended. However, they occur accidentally and therefore inhibit breeding 
progress. Secondary selection criteria are therefore suitable to accelerate the process, such as 1) 
Photosynthate distribution into plant organs and redistribution during the stress, 2) Root length 
densities, 3) Efficient water use, 4) Defensive traits like as antioxidants, protectans, abscisic 
acid, etc. Such criteria should be (Edmeades et al., 2006): a) Genetically associated with grain 
yield under drought, b) highly heritable, c) cheap and fast to measure, d) stable over the 
measurement period, e) observed at or before flowering, f) not associated with yield loss under 
unstressed conditions. We use root system size (RSS) measured by its electrical capacity 
between root surface and surrounding soil by 1 kHz current frequency, which is correlated with 
volume and mass of the measured RSS. The trait was controlled in barley by quantitative trait 
loci on five of the seven chromosomes and associated to sdw1 and plant height, weight, yield, 
harvest index and tiller number. The trait enabled development high yielding and persistent 
varieties of alfalfa and white clover. Barley and wheat varieties with greater RSS brought higher 
grain yield with increased concentration of starch in the very dry year 2007, as found on 17 and 
20 locations in the Czech Republic, respectively. The RSS evaluation by its electric capacity 
fulfills therefore the criteria published by Edmeades et al. (2006).  
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N 233.  Identification of Genes Related to Salt and Drought Tolerance in T-DNA Tagging 
Lines of Cultivated and Wild Tomato Species 
 
Antón T., García-Abellán J.O., Pérez F., Pineda B., Moyano E., García-Sogo B., Vicente-
Agulló F.,. Campos J.F, Angarita P., Schleicher P, Atarés A., Estañ M.T., Angosto T., 
Lozano R., Moreno V.,  Bolarin M.C. 
  
Many genes encoding potential salt and drought tolerance determinants have been identified in 
model plant species, but the identification of these genes in crop plants is scarce. Functional 
genomic programmes in species of agronomic interest or their wild relatives will help to identify 
key genes involved in the process of tolerance. Among the ways of achieving such aim, we can 
highlight insertional mutagenesis by T-DNA, which in recent years has become a fundamental 
tool for identification and tagging of genes. We are using two genomic tools, insertional 
mutagenesis and trapping, in tomato (Solanum lycopersicum) and its wild tolerant species S. 
pennellii, with the aim of identifying both the coding sequences and regulation elements of the 
genes involved in the tolerance or sensitivity to salinity and drought stress. To date we have 
generated over 2000 T-DNA lines of tomato and 2000 lines of the wild species by using an 
enhancer trap vector, and several mutants affected in the degree of salinity and/or drought 
tolerance have already been identified. The functional characterisation of the most interesting 
mutants is being performed in order to infer the function that has been affected in each mutant, 
and proceed to cloning the T-DNA tagged gene. Moreover, the analysis of the reporter gene 
expression has enabled the identification of several genes exhibiting different space-time 
expression patterns in control and saline conditions, which indicates that enhancer trapping is an 
effective strategy for tomato functional genomics research.  
 
This work was supported by the Project AGL2006-15290-C01-C02-C03 
 
 
 
N 234.  Cell Selection: from Cell’s Heavy Metal Resistance to Plant’s Resistance to Osmotic 
Stresses 
 
Sergeeva L., Poretskaya E. 
 
Plant’s metabolism can be affected or blocks by a number of imfavorable conditions or 
substances. Abiotic osmotic stresses (salinity and water stress) are the most hazardous 
environmental factors that limit plant growth and production. At the same time the lowest doses 
of some heavy metal ions form the same injures as high salinity. The similar responses to heavy 
metals and osmotic stresses may be caused by common sites of toxic action. Changes typical for 
the majority of stresses induce similar stress coping mechanisms. On these grounds we have 
suggested a hypothesis and worked out the in vitro method that provide the opportunity to obtain 
the plants resistant to abiotic stresses. On selective cultural media with lethal to wild type cell 
cultivars concentrations of cations Ba2+ or Cd2+ resistant cell lines of tobacco were obtained. The 
variants  grew vigorously in the presence of those heavy metal cation during several (3-4) 
passages. Then the Ba-resistant clones were transferred to media with  lethal doses of sea water 
salts or sodium sulfate. The Cd-resistant variants were cultivated in the presence of the mannitol 
lethal concentration. The selected variants of tobacco grew under such stress pressure. There are 
plants challenge salt and water stresses. Selective systems with toxic concentrations of heavy 
metal ions are the new promising method of the cell selection. 
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N 235.  Analysis of Seedling Development under Stress Conditions as Criteria for Selection 
of Drought Stress Tolerant Oilseed Rape (Brassica napus L.) Genotypes 
 
Bláha L., Vyvadilová M., Kučera V., Klíma M. 
 
In recent years, when distinct fluctuation of air temperatures and unequal precipitation during 
vegetation period are common owing to climate change, water and high temperature stress 
increase in importance. Tolerance to specific stress is a complex trait, which is influenced by 
many plant characteristics. Drought tolerance is affected mainly by root morphology and 
physiology. However, no less important drought tolerance components represent seed traits that 
influence water uptake efficiency, initial growth of roots and affect whole vegetation period. 
The basic aim of this work is to present the effect of standard and stress conditions, on the seed 
germination and water utilisation. It was showed that there is a considerable genetic variability 
within and among Brassica species in these traits. Breeding of improved adaptable cultivars 
requires methods for screening of genetic resources with increased drought tolerance. Nine 
initial breeding materials, advanced doubled haploid lines of oilseed rape from the Czech 
breeding companies and eight foreign cultivars were subjected to laboratory germination test. 
Seed germination, emergence and seedling growth under different stress conditions initiated by 
high and low temperatures were evaluated. Considerable differences in speed of germination 
between the tested genotypes were detected and they are supposed to be related to variation in 
enzymatic activities and speed of water uptake. Availability of water and efficiency of water 
utilisation for germination is one of the basic factors that influence field emergence rate. Every 
genotype has different necessary level of water content for sprouting and growth of plants at 
standard and stress conditions, which indicates that large differences among genotypes at water 
utilisation exists. 
 
Supported by the Czech Ministry of Agriculture, Research Project No. QH 82285 

 
N 236.  Expression of H+- Pyrophosphatase from Rhodospirillum Rubrum Increases the Salt 
Tolerance and Productivity of Nicotiana Tabacum Plants 
 
Diakova E.,  Rakitin A., Kamionskaya A., Ravin N., Skryabin K.  
 
One of approaches to increasing salt tolerance of plants is based on overexpressing genes 
encoding various ionic transporters (for example, H+-pyrophosphatases or H+ -ATPases).  
Previously we constructed transgenic Nicotiana tabacum plants expressing gene encoding 
membrane H+-pyrophosphatase from photosynthetic bacterium Rhodospirillum rubrum (RPP).  
 Trasngenic and control plants were grown at different NaCl concentrations (0-250 mM). We 
found that NaCl concentration of 100 mM and more inhibit the growth of the control plants 
while 200 mM of NaCl is lethal. In contrast, transgenic RPP expressing plants grew on the 
media containing up to 250 mM NaCl. We found that at high salt concentrations transgenic 
plants accumulate less Na+ ions then control plants.  
Observation transgenic and control plants cultivated in vivo showed, that: root of transgenic 
plants was two times longer, than root of control plants; the weight of root of transgenic plants 
was 2,9 times more, than weight of control plants. The quantity of leaves transgenic plants was 
1,3 times more, that control plants. The chlorophyll concentration in transgenic plants was 1,5 
times high, that in control plants leaves. 
Thus, expression of H+- pyrophosphatase from Rhodospirillum rubrum not only increases the 
salt tolerance of Nicotiana tabacum plants, but also stimulates and accelerated growth of plants.
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N 237.  The Barley ERF-type Transcription Factor HvRAF Confers Enhanced Pathogen 
Resistance and Salt Tolerance in Arabidopsis 
  
Jung J., Won S.-Y., Suh S.C., Kim H.R., Wing R., Jeong Y., Hwang I., Kim M. 
 
We isolated HvRAF (Hordeum vulgare Root Abundant Factor), a cDNA encoding a novel ERF-
type transcription factor from young seedlings of barley. In addition to the most highly 
conserved AP2/ERF DNA-binding domain, the encoded protein contained an N-terminal 
MCGGAIL signature sequence, a putative nuclear localization sequence, and a C-terminal acidic 
transcription activation domain containing a novel mammalian hemopexin domain signature-like 
sequence. RNA blot analyses revealed that HvRAF transcripts were more abundant in roots than 
in leaves. HvRAF expression was induced in barley seedlings by various treatment regimes such 
as SA, ethephon, MeJA, cellulase, and methyl viologen. In a subcellular localization assay, the 
HvRAF-GFP fusion protein was targeted to the nucleus. The fusion protein of HvRAF with the 
GAL4 DNA-binding domain strongly activated transcription in yeast. Various deletion mutants 
of HvRAF indicated that the transactivating activity was localized to the acidic domain of the C-
terminal region, and that the hemopexin domain signature-like sequence was important for the 
activity. Overexpression of the C-terminus region of the HvRAF conferred enhanced cadmium 
tolerance to yeast. Furthermore, overexpression of the HvRAF gene in Arabidopsis plants 
induced the activation of various stress-responsive genes. Furthermore, the transgenic 
Arabidopsis plants showed enhanced resistance to Ralstonia solanacearum strain GMI1000, as 
well as seed germination and root growth tolerance to high salinity. These results collectively 
indicate that HvRAF is a transcription factor that plays dual regulatory roles in response to biotic 
and abiotic stresses in plants. 
 
 
 
N 238.  Molecular Breeding for Drought Tolerance in Potato 
 
Kumari A.M, Visser R.G.F.,Van der Linden C.G. 
 
Potato is an important food crop, yet it is relatively susceptible to drought. As a first step 
towards identifying the genetic basis for drought tolerance in potato, we make use of diploid 
potato populations that have been genetically well characterized (CxE, SHxRH). The CxE 
population has been extensively phenotyped for drought tolerance under greenhouse conditions 
mainly by measuring traits like Relative water content of leaf, ∆13C as a measure of Water Use 
Efficiency, Chlorophyll fluorescence, Shoot biomass and tuber yield. The progeny displayed a 
wide contrast in drought tolerance, with individuals surviving and recovering completely after 3 
weeks of drought, and others completely wilted beyond recovery. For genetic dissection of 
potato drought tolerance, we have expanded a backbone AFLP/SSR genetic map of CxE with 
markers in members of gene families that have been shown to be involved in the regulation of 
drought response, such as Myb genes, WRKY genes and Peroxidases, by employing a new PCR 
based method called Motif directed profiling (MdP). We also populated the CxE genetic map 
with 165 SNPs. The SNPs were discovered in public EST databases using the QualitySNP 
software (Tang et al, 2005) and scored with the Illumina GoldenGate assay. The same set of 
markers was mapped in the SHxRH population, which resulted in approx. 100 SNPs mapped in 
both populations, allowing alignment of the CxE genetic map with the SH x RH genetic map. 
The drought tolerance QTLs that we will identify in CxE can therefore be located on the SHxRH 
map, enabling us to make use of the extensive genetic and sequence information of the SHxRH 
population and the RH genome sequence to zoom in on candidate genes for these QTLs. 
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N 239.  Is It Possible to Select Drought-Resistant Rubus Genotypes from In Vitro 
Populations of Seedlings or Adventitious Shoots? 
 
Orlikowska T., Kucharska D., Klamkowski K., Horbowicz M., Lahuta L. 
 
Raspberry is an important fruit in the Polish horticulture, fresh produce and food industries. 
Irrigation during spring and summer is essential in some years and on some plantations, but this 
increases the production costs. Therefore, drought stress tolerance should be one of the breeding 
goals. We would like to develop a reliable system enabling the preliminary screening of 
seedlings and adventitious regenerants at the in vitro stage.  
We compared the reactions of 6 raspberry and 2 blackberry cultivars propagated in vitro to 
drought stress simulated by the addition of polyethylene glycol 6000 (PEG) to the media. We 
measured the contents of osmoprotectants (proline and soluble carbohydrates) and of the 
percentage dry mass at different PEG concentrations and after different culture times. We also 
observed the reaction to water deficit of one-year old plants grown in pots in the greenhouse 
using the same genotypes, by measuring: leaf water potential, the intensity of gas exchange and 
chlorophyll fluorescence. 
A metabolic reaction in vitro was already observable after one week, but the patterns of reactions 
differed between genotypes depending on the stressor concentration and the length of the stress 
period. The differences in the osmoprotectant contents were also found in the control shoots 
(non-stressed). The water deficit in the soil limited the intensity of gas exchange and the water 
potential in the leaves, and decreased the ETR coefficient, but differences between genotypes 
were also observed. All the parameters, whether in vitro or in vivo, indicated cv Latham as the 
most resistant to water stress.  
 
 
 
N 240.  Increasing Salt Tolerance in Solanum tuberosum 
 
Van Culemborg M., Bauchet G., Visser R.,  Van der Linden G.  
 
Potato (Solanum tuberosum) is the world’s 4th important food crop and moderately sensitive to 
salt stress. Hitherto attempts to improve salt tolerance by conventional breeding programs has 
had limited success due to the genetic and physiological complexity of the trait.  
This study aims to identify phenotypic traits that affect salinity tolerance of potato, and the genes 
that underlie these traits. For this, a diploid potato population (CxE) was characterized for 
salinity tolerance on a hydroponics system. Traits like chlorophyll fluorescence, chlorophyll 
content, root and shoot biomass were monitored, while also the Na+ and K+ levels in root and 
shoot will be measured. The CxE population was found to segregate for salinity tolerance, with 
individuals that hardly survived 2.5 weeks of 100mM NaCl, and others recovering completely. 
For the genetic analysis, we will make use of a CxE genetic map consisting of neutral markers 
like AFLP and SSRs as well as gene targeted markers (SNPs and Motif directed Profiling (MdP) 
markers. The MdP markers are targeted to gene families with members that have been 
implicated in the abiotic stress response (Myb, WRKY, peroxidases, and AP2 (under 
development)). In addition, we will monitor the expression of candidate genes that are likely to 
be involved in Na+/K+ homeostasis (NXH genes, AKT, SOS genes) in the CxE population. 
Expression of these genes will be mapped as well. 
The physiological trait data together with the genetic markers and transcription data will be used 
for a QTL analysis to identify the genes in potato that are able to confer salt tolerance. 
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N 241.  Preparing Future Rice Plant towards Dry and Saline Areas: Engineering 
Glyoxalase Pathway 
 
Singla-Pareek S.L., Sahoo K.K., Singh A.K., Mustafiz A., Pareek A., Sopory S.K. 
 
Background: Glyoxalase I (gly I) and glyoxalase II (gly II) are the two enzymes which are 
required for glutathione based detoxification of methylglyoxal (MG) which is a potent cytotoxic 
compound in living cells. We wanted to test the potential of engineering this pathway for 
improving tolerance of plants towards abiotic stresses. 
Methods: We have been using molecular techniques to identify potential salinity responsive 
genes followed by their functional validation in a model system tobacco and crop plants such as 
rice. Various molecular, physiological and biochemical parameters are scored for transgenic 
plants to evaluate their performance under stress conditions.  
Results: We have carried out functional validation of the glyoxalase pathway engineering in 
plants such as tobacco and rice. Overexpression of gly II gene could improve salinity tolerance 
in rice. However, by overexpression of the entire glyoxalase pathway, the transgenic plants were 
able to tolerate even higher levels of salinity without any yield penalty. Double transgenic lines 
were able to grow, flower and set seeds under salinity. Ionic measurements in transgenic lines 
revealed higher accumulation of Na+ in old leaves and negligible accumulation in seeds thereby 
indicating that the seed quality is not compromised with the transgene overexpression. 
Importantly, under both salinity and drought stress conditions, the double transgenic rice plants 
developed an extensive and longer root system. Presently, experiments are underway in our 
laboratory to dissect out the mechanism responsible for this agronomically desirable trait. 
Conclusion: Overexpression of glyoxalase pathway genes enhances salinity stress tolerance in 
rice. 
 
 
 
N 242.  Genetic Variation Among Bougainvillea Glabra Cultivers (Nyctaginaceae) Detected 
by RAPD Markers and Isozymes Patterens 
 
Hammad I. 

 
Abstract. This study was aimed at determining the genetic relationships among the most 
important Bougainvillea cultivars grown at most of the gardens in Egypt using random amplified 
Polymorphic DNA (RAPD) technology and isozymes patterns.  Ten random decamer primers 
were screened and five were selected for final RAPD analyses. Each primer produced a unique 
set of amplification products ranging in size from. Isoenzyme patterns peroxidase, esterase, Poly 
phenyl-oxidase (PPO) and Alkohol- Dehydrogenase (Adh) were studied in five cultivars of 
Bougainvillea having different bracts colors ( purple, red, orange, white and dwarf plant)  
commonly grown in Egypt. Isozymes revealed higher polymorphism among bougainvillea 
cultivars with all enzymes used. The cluster analysis based on isozymes data showed that all the 
cultivars fell in one group but the purple and red is very close to each other and orange cultivar 
is the different. 
 
 
 
 
 

http://en.wikipedia.org/wiki/Nyctaginaceae
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N 243.  Growth and Water Relations of Salinized Tomato Plants Overexpressing K+/H+ 
and Na+/H+ Antiporters 
 
Jurado O., Venema  K., Rodríguez-Rosales M.P., Belver A., Romero-Aranda R. 
 
High external NaCl concentrations limit plant growth by exerting both osmotic stress and ionic 
stress. Osmotic stress is caused primarily by salt-induced reduction of root water uptake and 
transpiration and ionic stress is caused mainly by Na+ accumulation in plant tissues. Transporters 
that mediate Na+ sequestration into vacuoles and keep the K+ homeostasis under salinity seems 
to play a major role in salt tolerance. Therefore, the aim of this study was to determine possible 
benefits of the over-expression of K+/H+ and Na+/H+ antiporters to alleviate deleterious salt 
effects in tomato plants (Solanum lycopersicon) cv. Microtom.  Plants of the wild type genotype, 
and two transgenic lines over-expressing a Na+/H+ antiporter and a K+/H+ antiporter were grown 
in aerated nutrient solution without (control) and with 80 mM NaCl. Nutrient solution was 
modified to have a potassium content of 1 or 6.6 mM. Measurements of gas exchange 
parameters were used to evaluate stress tolerance. Salinity significantly reduced both net 
photosynthesis and transpiration rates but not significant difference was recorded between the 
different lines grown under non-saline and saline growth conditions. Reduction of  K in the 
nutrient solution slightly reduced biomass production but water use efficiency estimated as the 
ratio of whole plant dry weight and cumulative water uptake was similar in all plants.  
 
 
 
N 244.  Evaluation of Sodium Chloride and Polyethylene Glycol Influence on In Vitro 
Growth of Onion Seedlings 
 
Kiełkowska A., Adamus A. 
 
The objective of our study was to maintain an in vitro selection of drought tolerant genotypes of 
onion. Onion seeds were surface sterilized and placed on MS medium. Five days old seedlings 
were grown on MS medium containing NaCl (0, 5 ,100, 150, 200 mmol/dm3) and PEG (0, 1%, 
5%, 10%). Salt and osmotic stress tolerance was measured by survival, growth, and root 
elongation of the stressed plantlets. Stress response in the study was genotype depended. Highest 
number of seedlings survived on medium containing 200 mmol/dm3 NaCl was noted in cv. 
Supra. The degree of stress tolerance of tested genotypes was greater for PEG induced stress 
than for NaCl induced stress. Two highest NaCl levels decreased growth of shoots and roots. 
10% PEG caused root length reduction and vitrification of survived plants. 
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N 245.  Water Deficits and Heat Shock Effects on Photosynthesis in Arabidopsis thaliana 
constitutively expressing ABP9, a bZIP Transcription Factor 
 
Wollenweber B., Zhang X., Jiang D., Liu F., Zhao J. 
 
The effects of water deficits (WD), heat shock (HS), and both (HSWD) on photosynthetic 
carbon- and light-use efficiencies together with leaf ABA content, pigment composition and 
expressions of stress- and light harvesting-responsive genes were investigated in ABP9 [ABA-
responsive-element (ABRE) binding protein 9] transgenic Arabidopsis (5P2). WD, HS, and 
HSWD significantly decreased photosynthetic rate (A) and stomatal conductance (gs) in wild-
type plants (WT). A and gs of 5P2 transgenic plants were slightly reduced by a single stress and 
were hardly modified by HSWD. Although A and electron transport rate (ETR) in 5P2 plants 
were depressed under optimal growth conditions (control) in relation to WT, they were enhanced 
under HS and HSWD. These results indicate that ABP9 transgenic plants are less susceptible to 
stress than the WT. In addition, the increased ABA contents in both WT and 5P2 plants in 
response to WD and/or HS stresses suggest that declines in A and gs might have been due to 
ABA-induced stomatal closure. Moreover, compared with WT, 5P2 plants exhibited higher 
ABA content, instantaneous water use efficiency (IWUE), Chl a/b, NPQ, and lower 
Chl/carotenoid ratios. Finally, altered expression of stress-regulated or light harvesting-
responsive genes was observed. Collectively, our results indicate that constitutive expression of 
ABP9 improves the photosynthetic capacity of plants under stress by adjusting photosynthetic 
pigment composition, dissipating excess light energy, and elevating carbon-use efficiency as 
well as increasing ABA content, IWUE, and expression of stress-defensive genes, suggesting an 
important role of ABP9 in the regulation of plant photosynthesis under stress. 
 
 
  
N 246.  The Link Between Responses of Abiotic and Biotic Stress, Is It Real?  
 
Fursova O.V. 
 
METHODS: Real-Time PCR, NMR, 2DE  
RESULTS: Previously we described ICE2 which is a transcription factor of the bHLH family 
that participates in the response to deep freezing through the cold acclimation-dependent 
pathway in Arabidopsis thaliana plants (Fursova OV et al., in press). The analysis of expression 
of CBF1 and CBF3 genes in normal conditions indicated a difference between expression of the 
CBF1 gene in transgenic plants (with overexpression of ICE2) and the wild-type control plants 
(Columbia-0). In summary, we have demonstrated in transgenic lines with constitutive 
expression of ICE2 gene enhanced expression of the PIF7, which also belongs to the bHLH 
family of transcription factors and contains COE-domain which is not characterized in plants 
yet. In 2003 Toledo-Ortiz and colleagues classified all known transcription factors A. thaliana 
and determined additional domains for some genes (Heim MA et. al., 2003).  
CONCLUSION: Summarizing these data we predicting that ICE2 and PIF7 provides organism 
resistance to the stress conditions and involved in control of innate immune system. 
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N 247.  Genetic Variation of Stem Diameter in Wheat (Triticum Aestivum L.) in Relation to 
Drought and Heat Tolerance  
 
Omara M.K., El-Sayed N.E., Hashad M.M., Sallam A.M. 
 
Control of variation in stem diameter and other stem attributes of wheat in relation to yield 
components were analyzed in a 7- parent F1 diallel cross in favorable, drought and drought 
combined heat environments, as well as in 12 F2 populations under heat stress. Polygenes with 
mainly additive effects were involved in the control of stem diameter which segregated in 
normal distributions in the F2. The narrow-sense heritability was of comparable magnitude under 
favorable (0.73); drought (0.62) and drought + heat stress (0.76) whereas heritability of stem dry 
weight was reduced under stress. Non-allelic duplicate interaction was operating for stem 
density under drought stress. Stem diameter was positively correlated under both drought and 
drought + heat stresses with stem weight and stem density. Stem diameter was significantly 
associated with 1000 kernel weight and grain yield per spike in three environments whereas stem 
density was associated with single grain mass only under favorable condition and with grain 
yield per spike under drought stress only. Such strong associations of stem diameter with single 
grain mass and grain yield per spike under stress indicated the important role this character play 
in sustaining grain filling through providing greater capacity of assimilates in the stem before 
mobilizing it to grains. 
 
 
 
N 248.  Enhanced Tolerance to Abiotic Stress in Cauliflower by Mutagenesis 
 
Hadi F., Fuller M.P. 
 
Mutagenesis offers one method to manipulate resistance to abiotic stresses in plants. Mutants of 
cauliflower were created in-vitro through microshoots treated with N-nitroso-N-ethyleurea and 
N-nitroso-N-methyleurea and screened for dehydration stress; resistant mutants were weaned to 
in-vivo condition. In-vivo plants were analysed and highly resistant mutants were selected and 
regenerated. Clones were assessed by leaf discs assay for drought, salt and frost resistance to 
confirm the persistence of mutations over many clonal generations. Assessment was carried out 
by using mannitol (drought stress), NaCl (salt stress) and freezing (frost stress). Both acclimated 
and non-acclimated leaves were assessed. Results confirmed the persistence of mutations in 
clones with enhanced tolerance levels to stresses over control plants. Response of individual 
mutants were different for each of the stresses, some mutants were resistant to a single stress 
whilst others demonstrated multiple resistance. A few mutants were resistant to all three stresses. 
Acclimation tended to emphasise the difference between clones. Responses of in-vitro and in-
vivo plants within a clone were correlated. It is concluded that dehydration, salt and freezing 
resistance can be successfully enhanced in cauliflower by mutagenesis. Molecular analysis is in 
progress to determine whether the induced resistance can be attributed to overexpression of the 
DREB/CBF gene family.  
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N 249.  Molecular Basis of Plant Performance Response to Different Temperature and 
Light Scenarios in Arabidopsis thaliana 
 
Ilk N., Koornneef M., Reymond M. 
 

Plant performance results from many processes which occur during the plant life cycle and can 
be quantified using growth, flowering and pigmentation related traits. Genetic, environmental 
factors and interaction between them are involved in the variation of plant performance. The 
genetic and molecular basis of these responses to environments remains unclear yet. In this 
work, the effect of light intensity combined with temperature differences is studied. Plant 
performance related traits have been quantified on a new mapping population of Arabidopsis 
thaliana derived from a cross between Ler (Landsberg erecta from Poland) and Eri 
(Eriengsboda from Sweden) in contrasted environmental scenarios to detect Quantitative Trait 
Loci (QTL). Three clusters of QTL have been mapped and each of them is involved in the 
variation of growth but also of flowering time and anthocyanin content. Further analysis 
revealed QTLxQTL and QTLxEnvironment interactions at these specific clusters. Selected lines 
(either near isogenic lines or heterozygous inbred families) validated the effects of the detected 
clusters. Fine mapping and cloning of these clusters of QTL will be pursued to unravel genetic 
and molecular determinisms responsible for these responses to the combination of high light and 
cold treatment applied. 
 
 
 
N 250.  Cucumber Breeding for Tolerance to Low Temperatures by Gametophytic 
Selection  
 
Shmykova N.A., Nastenko N.V., Suprunova T.P. 
 
 Development of varieties tolerant to low temperatures has become one of the major breeding 
objectives of cucumber breeding. In our study the viability of pollen of four cucumber inbred 
lines was estimated by in vitro germination at 16оС. After 24h of cold treatment the percentage 
of germinated pollen of lines №1, №2, and №3 was similar to that observed in the control 
experiments (25oC), while the line №4 produced only 50-60% of viable pollen.  
 The same inbred lines were tested for seed germination and seedlings development under low 
temperatures (12-14оС). The seed germination capacity of line №3 was 10-20%, while the seeds 
of other lines did not germinate. For the further experiments, the cold tolerant and cold sensitive 
seedlings were selected from line №3. The adult plants obtained from the seedlings of both 
groups differed in size of flowers and pollen grain. The cold tolerant plants had smaller flowers 
and bigger pollen grain. Analysis of pollen from progenies revealed the increase in the amount 
of large sized pollen grains in cold tolerant plants, while the size of pollen grains of cold 
sensitive plants did not change.  
In vitro pollen selection can be used if cucumber plants are cultivated under optimal conditions. 
If the day temperatures reach 30-45оС, the gametophytic selection for tolerance to low 
temperature is not possible because pollen germination is not suppressed by low temperature. 
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N 251.  Enhanced Fungal Resistance and Abiotic Stress Tolerance in Tomato Transgenics 
Over-Expressing S-Adenosylmethionine Decarboxylase Gene 
 
Hazarika P., Rajam M.V. 

 
A vital need for improvement of crops like tomato has been imposed by Global climatic change 
and stress-related yield losses. Polyamines have been assigned a pivotal role in the regulation of 
many cellular, physiological and developmental processes including stress responses. Recent 
reports indicate that polyamines confer tolerance to biotic and abiotic stresses. Transgenic 
tomato plants over-expressing a key polyamine biosynthesis gene, S-adenosylmethoinine 
decarboxylase (SAMDC) under control of a stress-inducible PAL (Phenylalanine-ammonia 
lyase) promoter were generated by Agrobacterium-mediated transformation, and transgenic 
status was confirmed by PCR and Southern analysis. The T1 generation transgenic lines showed 
enhanced resistance to wilt causing Fusarium oxysporum and early blight causing Alternaria 
solani as well as enhanced tolerance to abiotic stresses namely salinity, drought, high, and low 
temperature. Increased expression of transgene was evident for induced samples compared to 
un-induced samples in RT-PCR analysis. A significant (3-6-fold) increment of polyamines on 
induction (particularly conjugated forms) compared to wild-type plants suggests for their role in 
plant defense against fungal pathogens. These results suggest that augmenting polyamine levels 
through genetic manipulation would provide a credible way to generate transgenic crops with 
enhanced multiple stress tolerance and also, may assist us to decipher vital clues regarding 
adaptive adjustments in the plant system under stress induction at molecular level. 
 
 
 
N 252.  The Use of GFP Reporter Gene to Detect the Effects of Different Abiotic Stresses 
on Nicotiana Tabacum in Vitro 
 
Rakosy-Tican E., Maior C.M. 
 
In vitro plants of Nicotiana tabacum expressing reporter gfp and selectable nptII genes were 
micropropagated by apex transfer for more than 11 years without any observable change in 
transgenes expression. The use of floral buds formed on transgenic plants in vitro as a new 
explant showed variation in gfp expression maintained up to ex vitro stage at whole plant level. 
The segregation of gfp expression did not correlate with ploidy level of regenerated plants as 
determined by indirect tools (number of chloroplasts in stomata or stomata on leaf area); 11% of 
the regenerated plants did not express gfp. The effects of starvation, dark and cold (40C), draught 
(PEG 6000, 10%), low pH (5.00) or osmotic stress (0.4 M mannitol) on plant regeneration and 
gfp expression were also determined. The number of plantlets regenerated in vitro from leaf 
segments cultured on RMG media were evaluated after 4 and 10 weeks, and gfp expression after 
10 weeks by fluorescence microscopy at whole organ level. The results showed that all abiotic 
stress factors reduced the regeneration of new plants from leaf tissue with the lowest plantlet 
number for draught, followed by starvation and dark and cold treatments. The expression of gfp 
revealed no viable plants after draught stress, and few (up to 20%) plants with reduced gfp 
expression after starvation or lost of gfp in one plant on media with pH =5.00. These results open 
the way for the exploitation of reporter gene gfp to monitor the effects of abiotic stress in vitro. 
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Water Stress & Miscellaneous 
 

N 253.  The Effect of Abscisic Acid on Gases Exchange and Water Use Efficiency in 
Barleys under Water Stress 
 
Hejnak V., Safrankova I., Hnilicka F.  
 
The aim of the experiment: To identify, at the gas exchange level, the reactions of barley 
genotypes of various proveniences to water stress. To identify the effect of abscisic acid (ABA) 
applied to plants on these reactions.  
Methods: The young plants were grown in a greenhouse in pots with silica sand under controlled 
conditions. The plants were treatment with 100 μM solution of ABA supplied by spraying on 
leaves or applied through irrigation at the roots. Water stress was evoked by interrupting of 
irrigation. The net photosynthetic rate (PN) and transpiration rate (E) were measured 
gasometrically. The water use efficiency was calculated as WUE=PN/E.  
Results: The strong effect of moderate water stress and abscisic acid on limitation of the gas 
exchange parameters was observed. The stronger effect of ABA applied through irrigation than 
ABA supplied by spraying was apparent.  
Conclusion: For all the genotypes, except the Mexican Namoi (the least sensitive genotype), a 
decrease of WUE in the variant stressed by drought was observed. The largest fall was seen in 
the French Adagio (the most sensitive genotype). ABA applied through irrigation had a strong 
effect on the increase of WUE in the Adagio (France), Braemar (United Kingdom), Maridol 
(Czech Republic) and Novosadski (Yugoslavia) genotypes. ABA significantly improved water 
management in a sensitive genotype. 
 
Support: The grant MEYS No. 6046070901. 
 
 
  
N 254.  Variation in Flooding-Induced Petiole Elongation in Rumex palustris: Explaining 
Ecological Performance from a Physiological Viewpoint 
 
Chen X., Visser E.J.W., De Kroon H., Peeters A.J.M., Hendrik H., Voesenek L.A.C.J., 
Huber H. 
 

Intraspecific variation in resistance to flooding stress is the basic precondition for adaptive 
flooding tolerance to evolve, and flooding-induced leaf elongation is an important trait that 
enables plants to survive shallow flooding. Increasing leaf length enables the plant to reach the 
water surface, after which the leaf may act as a "snorkel" that facilitates the uptake of oxygen. 
Here we investigated to what extend variation in flooding-induced leaf elongation exists among 
and within populations of the wetland species Rumex palustris, and whether this flooding-
induced trait is habitat specific. Offspring of eight mother plants collected in each of 12 
populations from different sites (ranging from dynamic river grasslands to stagnant water) were 
submerged, and petiole, lamina and root were harvested separately to measure traits related to 
elongation and plant growth. We found both among and within population variation in flooding-
induced leaf elongation, mainly due to the strong elongation of petioles of young leaves, not 
only in final length, but also in the timing of the elongation response. This variation, however, 
did not seem to be linked to habitat characteristics. Spatio-temporal heterogeneity in the 
characteristics of flooding may have contributed to the maintenance of genetic variation among 
and within populations. 
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N 255.  Submergence Tolerance in Arabidopsis and the Related Genus Rorippa (Yellow 
cress)  
 
Akman M., Boonman A., Van Tienderen P.H. 
 
Many crop and wild species are severely affected by seasonal floods, because decreased gas 
diffusion underwater represses photosynthesis and aerobic respiration. Exploring natural 
variation within the model plant Arabidopsis thaliana has led to the discovery of genes involved 
in many stress responses and such a strategy is also currently applied to the study of 
submergence stress. We have shown that two Arabidopsis thaliana accessions, Kas-1 and Col 
(gl), have different submergence tolerance; showing 50% survival up to 17 days and 10 days of 
complete submergence, respectively. Recombinant inbred lines of these two accessions are being 
studied in order to identify quantitative trait loci (QTLs) controlling this trait. We have further 
shown that two wild relatives of Arabidopsis, Rorippa amphibia and R. sylvestris have extreme 
submergence tolerance. R. sylvestris, being more tolerant than R. amphibia, showed no mortality 
even after 3 months of complete submergence. While R. amphibia adopts an ‘avoidance’ 
strategy, defined by prolonged stem elongation in an attempt to reach the water surface, the 
increased tolerance of R. sylvestris is coupled to a quiescence strategy in which growth is 
restricted during submergence. Whole-genome transcript profiling using Arabidopsis 
microarrays revealed that genes involved in carbohydrate breakdown and fermentation were 
induced to a greater degree in the former, possibly to fuel its higher growth rate.  
 
 
 
N 256.  In Silico Prediction and Identification of Anoxia Responsive Single Exon Genes in 
Rice (Oryza sativa L.)  
 
Kumar A., Barik A., Vidyarthi A.S., Pandey D.M. 
 
Rice is an important cereal crop and model monocot system. It suffers low oxygen stress during 
partial or completes submergence. The aim of the present study was to predict the single exon 
genes (SEGs) distributed in whole rice genome and identify the anoxia responsive SEGs. 
Majority of the genes in rice genome are multi exon genes; however, considerable amounts 
(~11%) of SEGs are also present. Complete genome of rice was retrieved from TIGR. CDS 
annotation in the FEATURE (Genebank formatted record) was used to predict SEGs sequences 
in the rice genome. Predicted SEGs were further classified based on their differential expression 
under anoxia condition as reported in microarray based result and from our previous study. From 
59,574 rice genes 6632 SEG’s were detected out of which 2468 SEGs (~37%) were of anoxia 
responsive. Present study will shed light on rice genome architecture and evolution, and to 
identify the predominant role played by SEGs during anoxia in rice.   
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N 257.  Leaf Traits of Evergreen Coniferous Shrub Pinus pumila Growing under Different 
Wind-Exposed Stress Conditions: Does P. pumila Produce Tough Needles in Wind-exposed 
Stress? 
 
Nagano S., Nakano T., Maruta E., Hikosaka K. 
 
It has been known that slow growing species invest their resources more in protection or defense 
rather than in photosynthesis so as to achieve higher stress tolerance. Siberian dwarf pine (Pinus 
pumila Regel) is one of dominant species in mountain region in Japan. It often inhibits wind-
exposed area but its needles are often brown, implying that exposure to wind is stressful for 
needles. In this study, we hypothesized that P. pumila in wind-exposed sites produces thicker 
and tougher needles than in wind-protected site at the expense of photosynthetic nitrogen (N) use 
efficiency (PNUE) due to a large investment of N into cell walls compared to the photosynthetic 
apparatus. We determined traits of current-year needles in wind-exposed and wind-protected 
sites. Contrary to our hypothesis, Leaf mass area was lower in the wind-exposed site than in the 
wind-protected site. Needle N content was lower in the wind-exposed site but Amax was similar 
between the sites. PNUE was therefore higher in the wind-exposed site. Rubisco and cell wall 
contents were both higher in the wind-protected site. Leaf lifespan was shorter in the wind-
exposed than in the wind-protected site. We concluded that P. pumila in wind-exposed sites 
produced needles with low cost, short lifespan and relatively high productivity, which contradict 
previous knowledge that plants inhabiting stressful environment have less productive but more 
protective leaves. In a habitat with very strong winds, slight change in needle toughness may less 
contribute to maintaining needles and thus plants may produce cheap needles to have positive 
carbon balance. 
 
 
 
N 258.  Early Responses of Plants to Wounding Comprise the Formation of Small Vesicles 
Derived from Chloroplasts 
 
Möller K., Kollath- Leiß K., Krupinska K., Desel C. 
 
Wounding of plants caused by mechanical damage or pathogen attack induces numerous cellular 
responses. Dependent on the intensity of the stress signal either defense and repair mechanisms 
or cell death are induced. In our work we investigated cellular responses in leaves of barley 
(Hordeum vulgare) after wounding by an Imaging-PAM chlorophyll fluorometer and by high 
resolution light microscopy. Early after wounding we observed a slight and transient reduction 
of the photosynthetic activity accompanied by formation reactive oxygen species (ROS), acidic 
vacuoles as well as small vesicles including autofluorescence substances in the environment of 
the chloroplasts. Vesicles occurred transiently during the first hours after wounding. We 
analysed the protein composition in the vesicles after fractionation of cell homogenates from 
different time points by sucrose gradient. Vesicle fractions contain Rubisco indicating on the 
origin of chloroplasts. Due to our data chloroplast generated reactive oxygen species may cause 
the release of vesicles including chlorophyll or chlorophyll catabolites. We hypothesize that 
these rapidly generated vesicles play a role in chloroplast repair processes and are perhaps 
involved in retrograde signalling resulting in the induction of defence reactions. 
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N 259.  An Ultrastructural and Histological Examination of Desiccated in vitro Axillary 
Buds of Eucalyptus grandis  
 
Risenga I.M., Padayachee K., Watt M.P., Edwards N., Mycock D.J. 
 
Cryopreservation involves the storage of plant material at ultra low temperature. At this 
temperature, metabolic functions are slowed down and biological degradation is minimised, thus 
allowing for long-term preservation. However, there are stresses associated with the freezing 
process, e.g., cryo-dehydration, which severely damages the material and must, therefore, be 
minimised. This may be achieved by reducing the water content of the material by drying prior 
to freezing. However, preparative drying may also damage the material. This is reflected in the 
cell ultrastructure of E. grandis as well as its lack of resumption of normal activity upon 
rehydration. The material must therefore be prepared to minimise damage, and preserve cellular 
integrity. Pretreatment with abscisic acid (ABA) is one way of preparing plant tissues. The 
present study and others have showed that the application of 5mg.l-1 ABA for a preculture period 
of 5 days induced resistance to water loss and minimised damage, while untreated buds 
experienced greater water loss and severe damage. The use of DAPI and propidium iodide 
provided confirmation of the beneficial effects of ABA. The stains indicated regions such as the 
leaf primordia and the meristem derivatives are more prone to dehydration damage than the 
actual meristematic tissue. 
 
 
 
N 260.  Combining Salinity and Submergence Tolerance through Marker Assisted 
Selection (MAS) in Rice 
 
Thein S.Z.M., Hernandez J.E., Borromeo T.H., Sajise A.G., Mendoza R., Refuerzo L., 
Thomson M., Gregorio G., Mackill D.J., Singh R.K. 
 
An ideal rice variety for coastal areas needs tolerance of both salinity and submergence for better 
adaptability. We aim to combine submergence tolerance conferred by Sub1 with salinity 
tolerance conferred by Saltol and/or other major QTLs within one agronomically superior 
genetic background. Crosses were made between the donors for salinity (Cheriviruppu and 
IR66946-3R-178-1-1) and submergence tolerance (IR05F101 and IR05F102). Segregating plants 
in F2 and F3 generations were phenotyped for tolerance to salinity at 12dSm-1 and submergence 
for 14 days. Survivors were rescued for recovery and genotyped for Saltol QTL located on 
chromosome 1; and Sub1 QTL located on chromosome 9 using closely linked SSR markers.  
Plants with homozygous alleles for both Saltol and Sub1 loci were identified through MAS 
(marker-assisted selection) and advanced. Some of the segregating recombinants showing very 
high tolerance to salinity had no linked Saltol markers. But all the recombinants had the Sub1 
QTL as revealed by very closely linked flanking markers. The study generated two kinds of 
materials, one with Saltol and Sub1, and another with phenotypic salinity tolerance (but no 
Saltol) and Sub1. MAS hastened the selection to identify recombinants with Saltol and Sub1 
introgressed into one genetic background. The selected materials are advanced up to the F5 stage 
and their morphological evaluation and further selection are in progress.   
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N 261.  Agro-Physiological Performance of Wheat Genotypes under Normal Moisture and 
Drought Conditions  
 
Akram H.M., Sattar A. 
  
Scarcity of water for irrigation is an alarming issue of Pakistan and the problem is magnifying 
fastly with the passage of time. Shortage of water is thus, a limiting factor in increasing per unit 
area Wheat (Triticum aestivum L.) yield that is staple food of most of the people. Eventually, the 
gap between production and consumption is widening day by day and Pakistan is now suffering 
from food crisis. Hence, to find out the wheat genotypes having comparatively more drought 
tolerance, a field experiment was conducted during 2005-06 and 2006-07 on 497 wheat 
genotypes, which were subjected to drought conditions in addition to growing under normal soil 
moisture conditions. Screening of the genotypes was done on the basis of some Physiological 
and Agronomic attributes such as, Stomatal Conductance, Net Photosynthetic Rate, 
Transpiration Rate, Photo Active Radiation, Plant Height, Productive Tillers, Grains per Spike, 
1000-Grain Weight, Biological Yield, Grain Yield per Plant and Harvest Index. Drought stress 
adversely affected all these parameters, which expressed significant decrease in their values 
except harvest index, which was significantly increased irrespective of genotypes during both 
the years of study. The genotypes under study, on the basis of above physiological and 
agronomic attributes were grouped into high yielding drought sensitive, high yielding drought 
tolerant, low yielding drought tolerant and low yielding drought sensitive groups, employing 
cluster analysis. Thus, out of 497 sixteen wheat genotypes were ranked as high yielding drought 
tolerant which can be successfully grown under drought conditions without substantial decrease 
in grain yield. 
 
 
 
 
N 262.  Salicylic Acid Alleviates the NaCl Sensitivity of Tomato Plants 
 
Ben Ahmed H., Abidi K., Manaa A., Zid E. 
 
Previous studies have shown that salicylic acid (SA) is an essential component of the plant 
resistance to pathogens. We now show that SA plays a key role in the plant response to adverse 
environmental stress, such as salt and osmotic stresses. Effect of varying SA supply (0.01 and 
0.1 mM) on growth, mineral uptake, membrane permeability, chlorophyll and leaf aera of NaCl 
(100 mM) stressed tomato was investigated. Fifteen-days-old plantlets of tomato (Solanum 
lycopersicum. cv Marmande) were grown in nutrient solution. Four treatments were applied (1) 
control, (2) NaCl (100 mM), (3) SA (0.01 mM) and (4) SA (0.01 mM) with NaCl (100 mM). 
After 3 weeks of treatments, plants were harvested for physiological parameters determinations. 
Exogenously applied SA increased plant growth both in saline and non-saline conditions. Dry 
yied of the plants decreased significantly with exposure to 100 mM NaCl. Exogenous levels of 
SA increased dry yiel significantly both in saline and non-saline conditions. In saline conditions, 
with the lowest level of applied SA (0.01 mM), dry yield increased almost up to the yield 
obtained from non-saline control treatment. Salt stress increased membrane permeability of 
leaves. Exogenously applied SA ameliorated the membrane deterioration. NaCl reduced 
photosynthetic pigments content. Whereas, the addition of SA induced an increase of these 
contents. SA also strongly inhibited Na+ and Cl- accumulation, but stimulated K+ and Mg2+ 
contents of salt stressed plants. These results suggest that SA could be used as a potential growth 
regulator to improve plant resistance to salinity stress. 
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N 263.  “Rapeseed Grain Shattering” in Iranian Farm Conditions 
 
Madani H., Aghajani H., Naderi Brojerdi G., Rasoli M., Masoud U. 
 
Increasing of some oilseeds and more production of rapeseed is one of the most important goals 
in Iranian farms as a winter crops. In that condition the first stage of rapeseeds growth and 
development have not any important problems but after the winter and during the fast changing 
of whether in late of spring to the first of summer, the rape farms contact to many of stresses 
same heat stress in grain ripening time and grain shattering respectively. Increase rapidly of field 
area from1720 ha at 1998-1999 to 174500ha in 2005-2006 .Thus the study in shattering of seeds 
is very young and is economic subject  for producer of the rapeseed in Iran. Difference between 
grain production in field and obtained yield called "grain shattering". One type of grain waste is 
grain shattering in rapeseed. Grain waste occurs in several stages including farm losses, 
transport, and storage processing. For farmers farm loss of grain is important. This losses start 
from seed maturity up to harvesting time. Farm losses is due to bird activity, mice's, insects and 
physical and biological factors. 
 
 
 
N 264.  2-Benzoxazolinone Inhibited Root Growth in Mustard is due to ROS-Mediated 
Oxidative Stress 
 
Batish D.R., Chum M., Kohli R.K. 
 
2-Benzoxazolinone (BOA), a natural benzoxazinoid compound present in members of family 
Poaceae, is a potent root inhibitor and has recently been viewed as a potential herbicidal 
candidate. However, the biochemical basis of its phytotoxicity is largely unknown; though, a few 
studies have pointed the induction of a conventional stress response in target plant tissue. The 
present study explores whether phytotoxicity of BOA involves a ROS-mediated oxidative 
damage in the root tissue. We assessed the changes in levels of in vivo generation of ROS 
(MDA, H2O2 and SO2

− content) over a period of 0–24 h of BOA (250 µM) exposure to Brassica 
campestris (mustard) seedlings. BOA significantly increased SO2

− generation, MDA and H2O2 
content in mustard roots and enhanced electrolyte leakage indicating an induction of oxidative 
stress. It was confirmed by in vivo histochemical detection of ROS. The negative effect of BOA 
upon ROS generation was time dependent and the ROS generation enhanced with exposure time 
(from 0-24 h). Further, to find out whether it involves any alteration in the enzymatic antioxidant 
machinery of mustard, we determined the activities of scavenging enzymes. BOA exposure 
significantly decreased activities of SOD, APx and GPX and increased activity of CAT possibly 
as a strategy to provide protection against BOA-induced oxidative injury. The study concludes 
that BOA inhibits root growth through induction of ROS-mediated oxidative stress. 
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N 265.  Influence of Exogenous Proline on Polyamine Content in Common Sage under UV-
B Irradiation 
 
Shashukova A.,  Raduykina N., Mappeli S., Kuznetsov V.l.  
 
Polyamines(PA), putrescine (put), spermidine (spd) and spermine (spm) and proline are known 
to take part in defence response of plants to different abiotic stress. However, the correlation 
between these low molecular compounds in stressed plants remains speculative and poorly 
understood. The plants of common sage (4-5 true leaves) were treated 10 min (3 kJ m-2 d-1)  UV-
B irradiation  with proline (final 5mM) and without proline in culture medium. The leaves and 
roots were fixed for analysis at 12, 24, 36, 48 h after UV-B treatment. During first 12 h the 
antioxidative enzymes (especially SOD) prevents plants from UV-B damage. The same effect 
were observed in common sage leaves and roots under paraquate treatment (Radukina, 2008). 
Exogenous proline reduced the H2O2, MDA production in leaves and roots and decreased the 
activities of superoxid dismutase (SOD) and proline dehydrogenase after 24 h. The free Put 
content was strongly increased, but the spd and spm content were decreased in presence of 
proline. The common sage has very low constitutive proline level and dose not accumulate it 
under any stress. In this case exogenous proline, it seems, takes part in antioxidante defence 
response but this process occur only after 24 h. Exougenous proline could inhibite the spd and 
spm biosyntesis and this is the reason for increased put content. From other side, the protective 
effect of proline could replace put that caused put accumulation. There is third possibility: put 
could synthesize from proline in same way. This point of view correlate with increased content 
of bound PA and decreased level of phenols. 
 
 
 
N 266.  The Effect of Drought Stress on Antioxidant Enzymes Activity in Sorghum 
 
Soleimanzadeh H., Ghooshchi F. 
 
Drought stress as a major adverse factor can lower leaf water potential, leading to reduced 
turgor and some other responses, and ultimately lower crop productivity in arid and semi arid 
zones. Clearly, plant drought stress tolerance requires the activation of complex metabolic 
activities including antioxidative pathways, especially reactive oxygen species (ROS) and 
scavenging systems within the cells which can contribute to continued growth under drought 
stress. In the work reported in this paper, the seeds of two local sorghum cultivars (Kimya and 
Payam) were grown hydroponically. Seedlings were subjected to Hoagland’s solution as 
control, and -4, -8 and -12 Bar Manithol for 12 days. As a result, SOD (superoxide dismutase) 
increased in Kimya with the increase of Drought stress, while in the case of Payam, SOD 
showed constant activity at all Drought stress levels. Meanwhile, CAT and GR exhibited the 
same trends in the two cultivars of sorghum in drought stress conditions. Results indicated that 
in the case of Kimya, the scavenging of ROS by the scavenging system especially by SOD, 
CAT and GR was done well and damage to membranes or MDA was controlled. But in the case 
of Payam, damage to membranes increased with the rise of stress levels. It can be concluded 
that all three antioxidant enzymes were limiting factors for this cultivar. Also these reasons led 
to the sensitivity of Payam to drought stress. 
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N 267.  Transcriptome Analysis of Drought Tolerant Transgenic Plants Overexpressing the 
Transcription Factor ABF3 
 
Abdeen A., Schnell J., Miki B. 
 
The first plants engineered for complex traits are now undergoing the process of regulatory 
approval. Complex traits, such as tolerance to abiotic stress, involve the coordinate action of 
many genes, and therefore their manipulation has the potential to cause unintended effects. We 
developed drought tolerant Arabidopsis thaliana lines overexpressing the transcription factor 
ABF3 and examined the impact on the transcriptome both in the absence and the presence of 
drought stress. The Cre-loxP system was used to create control lines containing transgene 
insertions in the same genomic location but with the 35S:ABF3 gene removed in order to 
eliminate position effects. This additionally allowed us to determine if Cre recombinase can 
cause unintended effects that impact the transcriptome.  Microarray analysis revealed a small 
number of genes with significantly different levels of expression in transgenic plant lines 
compared to wild-type plants following Cre recombinase-mediated removal of 35S:ABF3 and 
none of these genes were common to all three independent plant lines examined. This suggests 
that Cre recombinase does not mediate unintended effects in transgenic plants at the level of the 
transcriptome.  In the absence of drought stress, overexpression of ABF3 did not have a large 
impact on the transcriptome, as the only gene whose expression was commonly altered among 
three independent plant lines was ABF3. Following drought stress, differences were observed 
between the transgenic and control lines in the pattern of differentially expressed genes.  
However, the overall functional distribution of the differentially expressed genes was similar 
between the transgenic and control lines.  This suggests that minor differences in gene 
expression, potentially including the timing, duration, and/or strength of expression, are 
associated with drought tolerance in ABF3 overexpressing transgenic plants. These results 
illustrate that engineering of a complex trait may not necessarily alter the transcriptome. 
 
N 268.  Sensitive and Fast Laser-based Techniques to Monitor Abiotic Stresses on Plants 
 
Cristescu S.M., Harren F.J.M 
 

There is a considerable interest in the detection of minute quantities of trace gasses such as ethylene, 
nitric oxide, CO2, etc. released by planst under stress conditions. Trace gas detectors based on 
infrared laser spectroscopy are an excellent option for this, especially when fast, on-line time 
resolution is needed.  
At Life Science Trace Gas Facility in Nijmegen, the Netherlands a variety of unique state-of-the-art 
trace gas detectors1 based on laser spectroscopy and mass spectrometry are available for researchers 
from all fields of Life Science. Supported by the European Union, the facility is offering researchers 
the unique opportunity to obtain free access, training and full support access to the Facility.  
Using these detectors, a broad variety of molecular gases such as ethylene, nitric oxide, and 
many other biological interesting volatile organic compounds released by plants, pathogens, etc. 
can be monitored non-invasively at and below the ppbv-level (1 ppbv = 1 part per billion 
volume= 1:109) in a minutes down to seconds time scale and without incubation periods. As 
example, the plant hormone ethylene that controls many physiological processes in plants 
including response to abiotic stresses is on-line measured at detection limits that are three orders 
of magnitude better than gas chromatography2.  
 
1. S.M. Cristescu, S.T. Persijn, S. te Lintel Hekkert, F.J.M. Harren, Laser-based systems for trace gas detection in 

life sciences. Appl. Phys. B 92 (2008) 343-349 
2. S. M. Clarke, S.M. Cristescu, O. Miersch, F.J. M. Harren, C. Wasternack, L.A. J. Mur, Jasmonates act with 

salicylic acid to confer basal thermotolerance in Arabidopsis thaliana. New Phytologist (2009) in press 
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