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Welcome to the Conference  
“Stress Biology and Crop Fertility” 

 
 
Dear Participants,  
as you may know, this Conference was organized in the framework of the SPOT-ITN 
project (Marie Curie Actions, Initial Training Network, EU Grant No 289220). 
Main topics of the Conference are: 
 

Global Stress Response 
Hormone Signalling 

Sexual Plant Reproduction 
Epigenetic Regulation of Plant Reproduction 

Metabolomics, Proteomics, Genomics and Modelling in Stress and Development 
 
The intention of providing an overview of recent developments and approaches in the field 
pushed us to organize an event that could bring together senior scientists of outstanding 
international reputation and young scientists eager of providing their best contribution to the 
scientific research.  
On behalf of the organizing committee and of my partners in this project, I really thank ALL of 
you, for accepting, being present here, to help in the scope of creating a friendly scientific 
environment to share with the audience thoughts and ideas for future avenues in the 
research. I really believe that this event will also create an opportunity for fruitful 
interactions and integration of varied research interests and expertises. 
 
So please, before immersing in your brain storming, let me just apologize in case the 
wonderful environment here around could create some disturb to your concentration on 
science! 
 

Sincerely, 
Maria Luisa Chiusano 

(Responsible for local organization) 

        



Dear plant addicted participants

The ITN enkindles the SPOT light onto the grant challenges in the field – brilliant science with global 

impact. The idea for this conference was born four years ago when excellent groups from all over 

Europe teamed up to jointly approach “Pollen thermotolerance and crop fertility” or short “Solanaceae 

Pollen thermotolerance” in an EU founded Initial Training Network. The basic and simple idea behind 

the consortium was to understand basic principles of Pollen thermotolerance while training young 

researchers to become excellent scientists and intermediaries between research fields, between 

fundamental and applied science as well as between science and community. You all know that 

climate change and global warming pose a major threats for global agricultural production and food 

safety, an issue which next generation will have to deal with were farmland will be used for food AND 

fuel production. While the world population and its energy demand is constantly growing, estimations 

consider a reduction of about 20% of crop yield by global warming if alternative strategies are not 

developed now. However, prerequisite for breeding of novel traits is a deep understanding of the 

functional network in plant cells and entire organisms, as well as of the multitude of response and 

adaptation mechanisms. The conference aims at integrating these objectives, ranging from the 

discussion of global stress response, classical and hormone signalling pathways, plant reproduction 

mechanisms to epigenetic manifestations. In the same light we will discuss newest large scale 

experimental approaches and technologies. So, I am certain that all of you will have your most 

favourite topic covered and at the same time a lot of fun on excellent science and great talks of the 

different fields.

One more word to you, dear young researchers! The conference is all for you, as you are our future! 

Disturb private discussions of old and senior fellows, ask any question which jumps into your mind, 

challenge the speaker if you do not understand the technique used or the message delivered, simply – 

make this conference to your event where you will look back and will later on say: This changed my 

scientific view and my scientific career! And always remember – who doesn’t ask dies stupid, and 

both should not happen to you!  

I wish you all the greatest science, a joy in discussions and a successful networking for future 

activities

Yours Enrico         

(The Spot-Itn Coordinator)



PROGRAM 
OF THE CONFERENCE
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PROGRAM 
 

 Wednesday, 18th of March   
   
18:00 - 18:45 Registration and Poster exposure  

 

18:45 - 19:00 Conference Openings 

  Welcome addresses 

Paolo Masi (University of Naples Federico II, Italy) 

Director of the Department of Agraria 

Luigi Frusciante (University of Naples Federico II, Italy) 

   

19:00 - 19:45 Opening lecture:  

Enrico Schleiff (Goethe University Frankfurt, Germany) 

Coordinator of the SPOT-ITN Project 

  The SPOT-ITN Marie Curie Network:  

Understanding pollen thermotolerance in tomato   

 

19:45 to end Welcome Party and Poster Session  

   

 

 Thursday, 19th of March     

   

Session 1: The global stress response  

Chair: Klaus-Dieter Scharf  

 

09:00 - 09:45 Eduardo Blumwald (University of California Davis, USA) 

Modifications of source-sink relationships lead  

to enhanced crop stress tolerance  

09:45 - 10:30 Teun Munnik (University of Amsterdam, Netherlands)  

  Polyphosphoinositidesignaling in plant stress &development  

10:30 - 10:50 Puneet Paul (Goethe University Frankfurt, Germany) 

Protein homeostasis during pollen development at higher temperatures  

 

10:50 - 11:15 Coffee Break “Sapori di Sorrento” and Poster Session  

 

11:15 - 12:00 Elizabeth Vierling (University of Massachusetts Amherst, USA) 

  Model chaperones: small heat shock proteins from plants  
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12:00 - 12:45 Anil Grover (University of Delhi South Campus, India) 

Molecular aspects of the heat stress response of  

rice (Oryza sativa L.) seedlings  

12:45 - 13:30 Sotiriosm Fragkostefanakis & Anida Mesihovic (Goethe University Frankfurt, 

Germany)  

Regulation and interactions of pollen-specific Hsf and chaperone networks

  

13:30 - 14:30 Lunch Break  

 

Session 2: Hormone Signaling  

Chair: Nurit Firon 

   

14:30 - 15:15 Dominique Van Der Straeten (Ghent University, Belgium)  

  Cell type specificity of ethylene in Arabidopsis root growth  

15:15 - 16:00 Pedro Rodriguez-Egea (IBMCP, UPV-CSIC, Valencia, Spain)  

Fundamental research in ABA signaling fuels biotechnological  

approaches for enhancing plant drought tolerance  

 

16:00 - 16:30 Coffee Break “Aroma di Caffè”and Poster Session  

 

16:30 - 17:15 Mondher Bouzayen (INRA/INPT-ENSAT Toulouse, France) 

Auxin signalling as central trigger of the fruit set process  

and parthenocarpy in tomato  

17:15 - 18:00 Salomè Prat (CNB-CSIC Madrid, Spain) 

  Hormonal and day length control of potato storage organ formation 

18:00 - 18:20 Sridharan Jegadeesan (The Volcani Center, Israel) 

  Involvement of hormones in tomato pollen heat stress respons  

 

18:20-20:00 Poster Session and Aperitifs  

   

 

 

 

 

 

 

 

 



7 
 
 

 Friday, 20th of March     

   

Session 3: Sexual plant reproduction  

Chair: Celestina Mariani  

   

9:00 - 9:45 David Twell (University of Leicester, UK)  

  Plant male gametogenesis – more ‘germ’ than ‘germline’ 

9:45 - 10:30 David Honys (Charles University, Prague, Czech Republic)  

Male gametophyte development: a lesson from the -omics 

 

10:30 - 11:00 Coffee Break “Gocce di Limone” and Poster Session  

 

11:00 - 11:45 Thomas Dresselhaus (University of Regensburg, Germany)  

  The pollen tube journey is a battlefield  

11:45 - 12:05 Hanjing Li (Radboud University Nijmegen, Netherlands) 

  Hsfs function in tomato anthers and pollen  

12:05 - 12:25 Dominik Marko (ALSIA - Research Center Metapontum Agrobios, Italy)  

Genetic transformation and TILLING approach  

for heat shock tolerance in tomato  

 

12:30-13:30 Lunch  

 

14.15  Departure for Excursion (Dinner included)  

 

 

 Saturday, 21st of March   

   

Session 4: Epigenetic regulation of plant reproduction and stress response  

Chair: Ivo Rieu  

   

09:30 - 10:15 Ales Pecinka (MPI Cologne, Germany)  

Effects of heat stress on chromatin landscape and transposon silencing  

10:15 - 10:40 Florian Müller (Radboud University Nijmegen, Netherlands)  

High temperature effects and acquired thermotolerance  

during tomato pollen development 

10:40 - 11:00 Yuanyuan Chen (GenXPro, Germany) 

Investigating DNA methylation alteration associated with heat-stress  

in tomato pollen development 
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11:00 - 11:45  Coffee Break “Profumi di Bosco” and Poster Session 

  

Session 5: Metabolic, proteomic and genomic networks in stress and development 

Chair: Wolfram Weckwerth 

 

11:45 - 12:30 Alexandra M. Jones (University of Warwick, UK)  

Signalling and sorting: identifying proteins  

in the endomembrane system of plants  

12:30 - 12:50 Palak Chaturvedi (University of Vienna, Austria)  

Proteomics of pollen thermotolerance - high throughput screening  

for protein markers and protein modifications 

12:50 - 13:10 Arindam Ghatak (University of Vienna, Austria) 
Comparative proteomic analysis of Pennisetumglaucum (L.) R.Br  

(Pearl Millet) under drought stress 

 

13:15- 14:30 Lunch  

 

Session 5: Metabolomics, Proteomics, Genomics and Modelling in Stress and Development 

Chair: Rina Iannaccone  

 

14:30 - 15:15 Asaph Aharoni (Weizmann Institute of Science, Israel)  

The bitter side of the nightshades: OMICS drives discovery  

in Solanaceae steroidal alkaloid metabolism 

15:15 - 15:40 Marine Paupiere (Wageningen University, Netherlands)  

  Metabolic profiles of tomato (S. lycopersicum) pollen  

15:40 - 16:00 Hamed Bostan (University Federico II Naples, Italy)  

Reconciliation and Integration: an essential step towards  

the modelling of biological systems starting from “omics” data  

 

16:00 - 16:30 Coffee Break “Spirito Marino” and Last Poster Session  

 

Session 5: Metabolomics, Proteomics, Genomics and Modelling in Stress and Development 

Chair: Maria Luisa Chiusano 

 

16:30 - 17:15 Jörg Bernhardt (Greifswald University, Germany)  

  Omics meets aesthetics-requirements for data visualization  

in functional genomics  
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17:15 - 18:00 Stefano Mazzoleni(University Federico II Naples, Italy) 

  Modelling beyond data: examples from ecology and biology 
 

18:00   Final Discussion and round table 

Dieter Scharf, Enrico Schleiff, David Twell, Elizabeth Vierling  

18.30   Closing remarks  

    

20.30  Gala Dinner 

 

 

 Sunday, 22th of March 

 

10:00   Departure of all Participants 

 

10:00 - 13:00  Meeting of the Scientific Committee of the SPOT-ITN project (reserved) 

   

13:00  Lunch (reserved for the Scientific Committee) 

  

14:00-16:00 Meeting of the Scientific Committee  



CONTRIBUTIONS 
TO THE EVENT



11 
 
 

INDEX 
 

Conference Organization ...................................................................................................... 13 

Abstracts from Invited Speakers ........................................................................................... 14 

Aharoni A. ................................................................................................................................. 15 

Bernhardt J. ............................................................................................................................... 16 

Blumwald E. .............................................................................................................................. 17 

Bouzayen M. ............................................................................................................................. 18 

Dresselhaus T. ........................................................................................................................... 19 

Grover A. ................................................................................................................................... 20 

Honys D. .................................................................................................................................... 22 

Jones A. ..................................................................................................................................... 23 

Mazzoleni S. .............................................................................................................................. 24 

Munnik T. .................................................................................................................................. 25 

Pecinka A. .................................................................................................................................. 26 

Prat S. ........................................................................................................................................ 27 

Rodriguez P.L. ............................................................................................................................ 29 

Schleiff E. ................................................................................................................................... 30 

Twell D. ..................................................................................................................................... 31 

Van Der Straeten D. .................................................................................................................. 32 

Vierling E. .................................................................................................................................. 33 

Abstracts from Oral Presentations ....................................................................................... 34 

Bostan H. ................................................................................................................................... 35 

Chaturvedi P. ............................................................................................................................. 37 

Chen Y. ...................................................................................................................................... 38 

Ghatak A. ................................................................................................................................... 39 

Jegadeesan S ............................................................................................................................. 40 

Li H. ........................................................................................................................................... 41 

Marko D. ................................................................................................................................... 42 

Mesihovic A. .............................................................................................................................. 43 

Müller F. .................................................................................................................................... 44 

Paul P. ....................................................................................................................................... 45 

Paupière M. ............................................................................................................................... 46 



12 
 
 

Abstract from Posters ........................................................................................................... 47 

Ambrosone A. ........................................................................................................................... 48 

Bellaire A. .................................................................................................................................. 49 

Caramante M. ........................................................................................................................... 50 

Colantuono C............................................................................................................................. 51 

Coppola M. ................................................................................................................................ 53 

Hu Y. .......................................................................................................................................... 54 

Iovieno P. .................................................................................................................................. 55 

Marko D. ................................................................................................................................... 57 

Sacco A. ..................................................................................................................................... 58 

Simm S. ...................................................................................................................................... 59 

Zarrillo A. ................................................................................................................................... 60 

Partecipants .......................................................................................................................... 61 

Contact .................................................................................................................................. 66 

Aknowledgements ................................................................................................................ 68 

 

  



13 
 
 

 

Local Organizers 
 
Maria Luisa Chiusano 
And Luigi Frusciante 
Department of Agraria,  
University of Naples Federico II, Italy 

 
Scientific Committee 
 
Arnaud Bovy, Netherlands 
Maria Luisa Chiusano, Italy 
Nurit Firon, Israel 
Luigi Frusciante, Italy 
Stefania Grillo, Italy 
Rina Iannacone, Italy 
Celestina Mariani, Netherlands 
Ivo Rieu, Netherlands 
Klaus-Dieter Scharf, Germany 
Enrico Schleiff, Germany 
Wim Vriezen, Netherlands 
Wolfram Weckwerth, Austria 
Peter Winter, Germany 

 

Invited Speakers 
 
Asaph Aharoni, Israel  
Jörg Bernhardt, Germany  
Eduardo Blumwald, USA  
Mondher Bouzayen, France  
Thomas Dresselhaus, Germany  
Anil Grover, India  
Alexandra M.E. Jones, United Kingdom  
David Honys, Czech Republic  
Stefano Mazzoleni, Italy  
Teun Munnik, The Netherlands  
Ales Pecinka, Germany  
Salomé Prat, Spain  
Pedro Rodrigez, Spain  
David Twell, United Kingdom  
Dominique Van Der Straeten, Belgium  
Elizabeth Vierling, USA  
Arndt von Haeseler, Austria 
 
 
 

 
 
 
 

  

http://spot-itn.eu/index.php?menu=people&sub=1#firon
http://spot-itn.eu/index.php?menu=people&sub=1#innacone
http://spot-itn.eu/index.php?menu=people&sub=1#rieu
http://spot-itn.eu/index.php?menu=people&sub=1#schleiff
http://spot-itn.eu/index.php?menu=people&sub=1#vriezen
http://spot-itn.eu/index.php?menu=people&sub=1#weckwerth


ABSTRACTS FROM
INVITED SPEAKERS



15 
 
 

The bitter side of the nightshades: OMICS drives discovery  
in Solanaceae steroidal alkaloid metabolism 

 
Aharoni A. 

 
Department of Plant Sciences, Faculty of Biochemistry, Weizmann Institute of Science,Israel 
 
The regulation of metabolic pathways is constantly tuned in order to suit the needs of 
development and fitness. Our main research objective is to unravel networks of genes and 
proteins which coordinate the activity of metabolic pathways during plant development and 
stress response. An integrated investigation of several members of the Solanacea family 
(particularly tomato, potato and eggplant), rather than studying a single plant, provided us 
with unprecedented insights to metabolic biology in these species. Most if not all processes 
characterized, impact to a certain degree key quality, nutritional and post-harvest traits of 
these crop plants. Integrating cutting-edge transcriptomics and metabolomics tools together 
with genes co-expression assays were of great value in making several discoveries. In a recent 
example, combined co-expression analysis and metabolic profiling in tomato and potato led to 
the discovery of the multi-step, core pathway leading to the formation of the renowned 
Solanaceaglycoalkaloids. This class of cholesterol-derived molecules represent important anti-
nutritional compounds in these crop plants. In the presentation, I will highlight several 
technologies and genetic research tools and the invaluable knowledge on core metabolic 
pathways obtained through combining them in a single study. Most if not all could be applied 
in the coming years to the study other pathways of secondary metabolism in less studied plant 
species. 
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Omics meets aesthetics -requirements for data visualization  
in functional genomics 

 
Bernhardt J. 

 
Institute of Microbiology,Ernst-Moritz-Arndt-University Greifswald, Greifswald, Germany 
 
Modern gene expression analysis is faced with a variety of differently structured data. One can 
find data on gene sequences and genome structure, transcripts, gene regulatory interrelations, 
proteins, their modified forms and complexes as well as metabolites; from single cells, from 
cellular and sub-cellular compartments or from more diverse and heterogeneous 
(meta)samples. 
For an efficient interpretation of OMICS based experiments established data analysis 
workflows need to be complemented by powerful and sophisticated data visualization tools. In 
the first part of the presentation I will demonstrate aspects of graphical perception and visual 
channels and highlight their role in efficient data visualization. At second aside from bar charts 
or line graphs I will introduce new tailor-made tools which have been improved for data 
visualization tasks in OMICS driven research. I will show proportional Euler charts, 
streamgraphs and Voronoitreemaps which have been used to analyze data sets from a variety 
of real life experiments. Concerns regarded to the display of simple but also complex data, of 
clearly defined but also uncertain data, of nominal, ordinal but also quantitative data will be 
demonstrated and discussed. 
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Modifications of source-sink relationships lead to enhanced crop stress tolerance 
 

Blumwald E. 
 

Departmentof Plant Sciences, University of California, Davis, USA 
 

Abiotic stress is the primary cause of crop plant yield losses worldwide. Improving yield 
production and stability under stressful environments is needed to fulfill the food demand of 
the ever-growing world population, and an estimated increase of 50% in grain yield of major 
crops swill be needed by 2050. 
Drought, the most prominent threat to agricultural production worldwide, accelerates leaf 
senescence, leading to a decrease in canopy size, loss in photosynthesis and reduced yields. We 
hypothesized that it may be possible to enhance drought tolerance by altering sink/source 
relationships in the plant by promoting the stress-induced synthesis of cytokinins. The 
regulated expression of IPT (isopentenyltransferase) under the control of PSARK significantly 
improved drought tolerance in both laboratory and field conditions. Transgenic plants 
produced higher yields than wild-type plants in the field and the seeds from PSARK::IPT plants 
were normal, indicating that the nutritional value of the transgenic seeds was not altered.  
We used a multidisciplinary approach that combined genomics, proteomics, metabolomics and 
enzyme function analysis to identify and characterize cellular/biochemical components that 
regulate Carbon and Nitrogen metabolism in plants grown under water deficient conditions. 
Stress-induced cytokinin production had a positive effect on nitrate uptake as well as on the 
expression of genes associated with primary N assimilation and N re-assimilation, enhanced 
higher protein synthesis and the strengthening of the transgenic plants sink capacity.  
A System Biology approach was applied to identify genes and gene networks mediating the 
stress-response of crops to abiotic stress. A number of genes have been identified, and their 
expression has been modified in a number of crop species. The role of these genes and their 
effects on survival to stress and increased yield will be presented and discussed. 
 
 
 
 
 
 
 
 
References 
Wang S, Blumwald E (2014). The regulation of stress-induced chloroplast degradation via a 
process independent ofautophagy and senescence-associated vacuoles Plant Cell. In press.  
Reguera M, Peleg Z, Abdel-Tawab YM, Tumimbang EB, Delatorre CA, Blumwald E (2013). 
Stress-Induced CKSynthesis Increases Drought Tolerance through the CoordinatedRegulation 
of Carbon and Nitrogen assimilation in Rice.Plant Physiol.163:1609-1622. 
Peleg, Z, Reguera, M., Walia, H., Blumwald, E. (2011) Cytokinin mediated source-sink 
modifications improvedrought tolerance and increases grain yield in rice under water stress, 
Plant Biotechnol. J. 9:747-758. 
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Auxinsignalling as central trigger of the fruit set process  
and parthenocarpy in tomato 

 
Bouzayen M.,Yang Y.,  Fu Y., Li J., Hao Y., Frasse P., van der Rest B. and Zouine M. 

 
INPT, Laboratory of Genomics and Biotechnology of Fruit,University of Toulouse, Castanet-
Tolosan, France 

 
The making of a fruit is a developmental process unique to plants involving a complex network 
of interacting genes and signalling pathways. In fleshy fruits, it involves three main stages (a) 
fruit set, (b) fruit enlargement, and (c) fruit ripening each corresponding to a transition step 
associated to major metabolic reorientations and structural changes. While the role of single 
hormones in these developmental shifts is now well established, the triggering of these 
processes is likely to be under a multi-hormonal control. Theonset of ovary development into 
fruit is naturally triggered by successful pollination of the flower, yet, the signals driving the 
fruit growth following fertilizationare not clearly understood, though the involvement of auxin 
and GA is well documented. We previously showed that downregulation of SlIAA9, a tomato 
member of the Aux/IAA gene family, leads to precocious fruit development prior to flower 
pollination and fertilization giving rise to parthenocarpy. The expression of auxin-responsive 
genes is regulated by the combined action of Auxin Response Factors (ARFs) and Aux/IAA 
proteins. The present work shows that SlARF8 is a central figure of a major regulomecontroling 
tomato fruit set and identifies SlIAA9 and Sly-miR167 as key actors of this control mechanism. 
Transcript levels of Sly-miR167 and SlARF8in the ovary evolve in perfect opposite direction 
during the transition from anthesistopost-anthesis, and are concomitant with the directed-
cleavage of SlARF8 transcripts by this microRNA. Reverse genetics approaches revealed that 
both down-regulation of Sly-miR167 and up-regulation of SlARF8 induced pollination-
independent fruit set resulting in seedless (parthenocarpic) fruit, arguing that Sly-miR167 and 
its SlARF8 target gene are involved in the flower-to-fruit transition. The search for putative 
IAA9 interacting partners by a protein/protein interaction screen further supported the 
hypothesis that SlARF8 and Sl-IAA9 are components of the same control mechanism 
underlying the fruit set process. All together, the data define a new regulome controlling the 
flower-to-fruit transition involving SlARF8 as a central actor whose expression is controlled at 
the post-translational level by SlIAA9 and at the post-transcriptional level by microRNA. 
Moreover, the outcome of the study providesclues for new breeding strategies aiming at 
improving fruit yield in harsh environmental conditions and at producing parthenocarpic fruit.  
 
Keywords:Fruit set, Parthenocarpy, Auxin Response Factor, IAA9, miRNA, Tomato 
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The Pollen Tube Journey is a Battlefield 
 

Dresselhaus T.,Lausser A., Zhou L.Z., Kugler K., Mayer K.X.F., Woriedh M., Denninger P., 
Grossmann G., Sprunck S. 

 
Using maize as a grass model system, we are studying the pollen tube journey from its 
germination at papilla silk hairs, its invasion and growth through the maternal tissues of the 
stigma, style and ovary towards the egg apparatus. After arrival pollen tubes ultimately burst 
and release their cargo (two sperm cells) for double fertilization. The path of the pollen tube 
requires extensive communication with both sporophytic and gametophytic cells to support its 
growth, to guide it inside the ovule and to induce its burst, but also to arrest pollen tubes in 
incompatible interactions. Recent studies have shown that members of the superfamily of 
small cysteine-rich proteins (CRPs) play key roles in the various cell-cell communication 
processes during the pollen tube journey (for review see 1). We and other could show that 
CRPs act, for example, as major extracellular signalling ligands in self-incompatibility reactions, 
species-specific pollen tube attraction and burst mechanisms and even as signals to activate 
gametes during fertilization (2-4). 
Originally CRPs were discovered to act during pathogen defence and immunity, and encode 
some of the most potent allergens and toxins. We have therefore additionally studied the 
effect of ‘reproductive’ CRPs on fungal growth behaviour and found strong effects of certain 
CRP classes on growth arrest, swelling and production of ROS (reactive oxygen species). 
Mapping of receptor interaction sites indicates the existence of different target proteins on 
plant and fungal cell surfaces. Moreover, next generation sequencing (NGS) revealed that 
sporophytic cells partly react similar to both invaders and again CRPs appear as molecules 
involved both in maternal response to fungal and pollen tube intruders. An overview about the 
various cell-cell communication events will be provided including also studies on the role of 
Ca2+ during pollen tube communication (5).        

 

 

 

 

 

 
References 
1. Dresselhaus T., Franklin-Tong N. Molecular Plant 2013, 6: 1018-1036  
2. Okuda S., et al. 2009, Nature 458: 357–361. 
3. Amien S., et al. PLoS Biol. 2010, 8: e1000388 
4. Sprunck S., et al. 2012,Science 338: 1093-1097. 
5. Denninger P., et al. 2014 Nature Comm. 5: 4645. 
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Molecular aspects of the heat stress response of rice (Oryza sativa L.) seedlings 
 

Grover A. 
 

Department of Plant Molecular Biology, University of Delhi, India 
 
Rice (Oryza sativa L.) is the most important food crop. For future breeding of heat-resistant 
rice cultivars, there is a need to identify the molecular components that underlie the 
adaptation of rice to sub-lethal heat stress levels. The rice transcriptional profile is significantly 
modulated by heat stress: the enrichment of GO terms protein kinase activity/ protein serine 
kinase activity, response to heat and reactive oxygen species in up-regulated genes signifies 
the role of signal transduction events and reactive oxygen species during early heat stress 
(Mittal et al. 2012a, b, Sarkar et al. 2014).  Overall, the response of rice to heat stress involves 
signal perception and transduction, activation/ synthesis of heat shock factors, genomic and 
proteomic alterations, ROS metabolism and a host of other proteins associated with 
biochemical, cellular and physiological processes and ‘unknown’ functions. The proteins 
associated with chaperones and protein degradation machineries of the cell are stimulated as 
one of the early steps in minimizing damages to other proteins. Genome-wide biology of rice 
Hsp20, Hsp40, Hsp70 and Hsp100 as well as heat shock factors has been unearthed from our 
studies (Sarkar et al. 2009, Singh et al. 2010, Sarkar et al. 2013a, Sarkar et al. 2013b). Rice 
contains three ClpB/Hsp100 proteins localized to different cellular compartments: 
cytoplasm/nucleus (OsClpB-c), mitochondria (OsClpB-m) and chloroplast (OsClpB-p). OsClpB-c 
(Os05g44340), OsClpB-m (Os02g08490) and OsClpB-p (Os03g31300) proteins are able to 
complement the thermo-sensitive phenotype of yeast hsp100 mutant (∆Schsp104) (Singh and 
Grover 2010, Singh et al. 2010). Arabidopsis Hot1-3 is a null mutant for ClpB-c gene, and is 
highly thermo-sensitive both at the seed and seedling levels (Hong and Vierling 2000). We 
stably transformed OsClpB-c, m and p proteins in this mutant background under the control of 
a constitutive CaMV 35S promoter (m and p forms without transit peptides). Homozygous lines 
for all the three transgenic types were analyzed for seed basal thermo-tolerance. OsClpB-c 
complemented the hot 1-3 mutant phenotype to more or less wild type level. The plastidial 
and mitochondrial OsClpB homologues also complemented the seed basal thermo-tolerance 
phenotype, though to varying degrees. At the level of seedlings, OsClpB-c showed high degree 
of complementation.  However, the plastidial and mitochondrial homologues did not show 
complementation in the seedlings. Further, we have documented that OsHsfA2c (a) has rapid 
transcript induction under high temperature stress, (b) possesses transactivation activity, (c) 
forms homo-oligomeric configuration, (d) regulates expression from OsClpB-c promoter in 
heat shock element (HSE)-dependent manner and (e) interacts with OsClpB-c and OsHsfB4b 
proteins (Mittal et al. 2009, Mittal et al. 2011, Singh et al. 2012). Direct interaction of OsHsfA2c 
with OsHsfA2d and OsHsfA2e is demonstrated in vivo by bimolecular fluorescence 
complementation assays. OsHsfA2c::OsHsfA2d and OsHsfA2c::OsHsfA2e complexes were 
nuclear-localized. It can be inferred that supra-complexes, involving several OsHsfs, regulate 
Hsp promoters under high temperature stress in rice.  
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Male gametophyte development: a lesson from the -omics 
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1Laboratory of Pollen Biology, Institute of Experimental Botany ASCR, Prague, Czech Republic; 
2Central European Institute of Technology, Masaryk University, Brno, Czech Republic; 
3National Centre for Biomolecular Research, Masaryk University, Brno, Czech Republic 

The male gametophyte, an highly organized haploid flower organ, offers an unique 
opportunity to analyze development and differentiation of single haploid cells, cell-cell 
interactions and recognition, cellular polarity and pollen tube tip growth. Posttranscriptional 
control of gene expression plays a vital role during tobacco pollen maturation and tube 
growth. The need for a high rate of translation during pollen tube growth suggests a demand 
for a robust storage system that could withstand a long-term storage and transport, ongoing 
cellular morphogenesis, and yet deliver the message efficiently accompanied with instant 
translation. A number of pollen genes showed apparent expression discrepancy at mRNA and 
protein levels and their respective transcripts were shown to be associated with long-term 
stored ribonucleoprotein particles annotated as EPP complexes. Similarly to the role played in 
growing mammalian neurons, EPP particles represent pre-loaded complex machinery devoted 
to mRNA processing, transport, subcellular localization and protein synthesis. We performed a 
detailed functional, transcriptomic and proteomic characterisation of pollen storage RNP 
particles in Nicotianatabacum L. In particular, we aimed to integrate our knowledge on the 
categorization of translationally regulated transcripts in developing pollen and to identify the 
mode of action of the translational repression and derepression of mRNAs stored in 
developing pollen and which have gradually activated during the progamic phase. 

Acknowledgements: The authors gratefully acknowledge the financial support from Czech 
Science Foundation (15-16050S, 14-32292S, P305/12/2611) and Czech Ministry of Education, 
Youth and Sports (LD13049). 



23 
 
 

Signalling and sorting: identifying proteins in  
the endomembrane system of plants 

 
Jones A. 

 
School of Life Sciences, University of Warwick, United Kingdom 
 
The plasma membrane provides a dynamic interface between a cell and its environment. 
Receptor proteins localised at the plasma membrane perceive signals (such as hormones, cell 
wall damage or pathogen derived molecules) and initiate intracellular responses that often 
include a remarkable degree of spatial specificity. Signal initiation is only part of the story; 
activated receptor complexes are internalised and sorted for recycling or destruction. The 
trans-Golgi network and early endosomes play a critical role in the sorting and secretion of 
plasma membrane proteins, but it is largely unknown how traffic through the system is 
ordered and regulated, particularly in response to environmental stimuli. Many important 
components of the endomembrane system have been characterised and significant advances 
made in studying larger endomembrane compartments. However, studying smaller 
components such as vesicles has proven challenging because of their highly dynamic and 
transient nature. We have developed a method for the in-depth proteomic analysis of multiple 
endomembrane compartments, including various vesicle populations, providing an 
unprecedented insight into the composition and regulation of the endomembrane system. My 
talk will focus on the identification of complexes and trafficking during plant defence 
responses before discussing new directions of research in root responses and development. 
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Modelling beyond data: examples from ecology and biology 
 

Mazzoleni S. 
 
Laboratorio di ecologia applicata e sistemi dinamici – www.ecoap.unina.it 
Dipartimento di Agraria, Università di Napoli Federico II 
 
Research on Systems Biology is aimed to a complete understanding of living organisms' 
functions and development. Such integrated approach implies the collection of massive 
amounts of observational data at many different “omic” scales. In depth statistical analyses are 
required to investigate these large multidimensional data sets which can be assessed by all 
sorts of multivariate correlation models.  
In general, model implementation is a reiterative process including both inductive and 
deductive phases. New scientific advancement may rise starting from either phases. Indeed, 
theoretical reasoning, besides generating new hypotheses, may help to focus on well thought 
sampling design, avoiding redundancy of data collection and excessively fuzzy results. 
Differently from current Systems Biology, mostly based on statistical models, the so called 
System Dynamics modelling approach is characterized by the identification of simple processes 
(described by ordinary differential equations – ODEs) interacting in time. This approach is able 
to represent complex systems behaviour and it can be further integrated in spatially explicit 
models (partial differential equations – PDEs) to show process dynamics in both time and 
space. This can be done by either continuous or discrete agent-based implementations, 
eventually integrated into hybrid models. 
Two examples are presented to illustrate how theoretical models can indeed be the drivers of 
scientific advancement. First, a simple set of four ODEs, explaining organic matter cycle in 
plant-soil systems, has been the basis for the discovery of an unexpected function for 
extracellular DNA. Second, the use of either PDEs or hybrid models (individual agents 
described by ODEs within a PDEs environment) demonstrates how diffusion processes, and 
consequent rising Turing patterns, have to be taken into account in order to understand 
morphogenesis beyond “omic” data. 
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Polyphosphoinositide Signaling in Plant Stress & Development 
 

Munnik T. 
 
Swammerdam Institute for Life Sciences, section Plant Physiology, University of Amsterdam,The 
Netherlands  
 
Polyphosphoinositides (PPIs) are lipid second messengers, representing a minor fraction of 
biological membranes. Their ability to be rapidly formed, modified, and removed by distinct 
classes of kinases, phosphatases, and phospholipases, allows them to mediate various fast and 
temporal responses, but also to act as constitutive spatial signals, defining membrane identity 
and cellular polarity. With the structural phospholipid, phosphatidylinositol (PI) as backbone, 
higher plants make five distinct PPI isomers, i.e. PI3P, PIs4P, PI5P, PI(3,5)P2, and 
PI(4,5)P2.Transduction of their signalling information occurs via recruitement and binding of 
protein targets via specific lipid-binding domains, e.g. PH, PX and FYVE. Using DNA constructs 
encoding FP fusions with specific lipid-binding domains, and stably expressed in Arabidopsis 
thaliana, distinct lipid-biosensors lines have been generated, which can monitor PPI specific-
signalling events during cell growth and division and in response to stress. Using Arabidopsis T-
DNA insertion mutants and in vivo32Pi-labelling studies, we are exploring how these PPIs, and 
the enzymes involved in their metabolism, are engaged in integrating stress- and 
developmental responses in Arabidopsis. At this meeting, I will present an overview of our 
current knowledge and reveal some of our latest unpublished results on their role in salt- and 
water stress.  
 
 
 
 
 
 
 
 
 
 
References 
Munnik& Vermeer (2010) Osmotic stress-induced phosphoinositide and inositolphosphate 
signalling in plants.Plant Cell Environ.33, 655-669. 
Testerink&Munnik (2011) Molecular, cellular and physiological responses to phosphatidic acid 
formation in plants. J. Exp. Bot.62, 2349-2361. 
Munnik& Nielsen (2011) Green light for polyphosphoinositide signals in plants. Curr. Opin. 
Plant Biol. 14: 489-497. 
Munnik (2014) PI-PLC: Phosphoinositide-phospholipase C in plant signaling. In Phospholipases 
in Plant Signaling. Wang X. (Ed.), Springer, Heidelberg, Germany. pp 27-54 
  



26 
 
 

Effects of heat stress on chromatin landscape and transposon silencing 
 

Pecinka A. 
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Many internal and external stimuli are controlled by epigenetic factors in eukaryotic 
organisms. However, it remains largely unknown how environmental conditions affect the 
epigenetic landscape and with what consequences. This question is of high importance in 
plants that have a sessile lifestyle and a late separation of the somatic and germline cell 
lineages, which makes them particularly exposed to the environment. Heat is a regular and 
locally also widespread abiotic stress factor. We will show how heat stress affects the plant 
epigenome and higher order chromatin structure at a short- and long-term perspective. 
However, the stress effects are not uniform throughout a plant body, and we will highlight the 
role of meristematic tissues in maintaining or re-setting original epigenetic states. 
Nevertheless, even potentially transient chromatin changes are opportunistically explored by 
epigenetically controlled genomic parasites for their own propagation. We will discuss how 
common this parasitic strategy may be in plant evolution and what are its possible 
consequences for plant stress defense strategies.The results provide evidence that 
environmental conditions can override epigenetic regulation, at least transiently, which might 
open a window for more permanent epigenetic changes. 
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Hormonal and day length control of potato storage organ formation 
 

Prat S. 
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Madrid, Spain. 
 
Potato is the third largest global food crop after wheat and rice. It is cultivated for its 
underground tubers, which are very rich in starch and vitamin C, and display when referred to 
dry weight a protein content that is similar to that cereals. Amino acid composition of potato 
tubers is also better suited to the human dietary needs than that of cereals, which makes of 
these storage organs a main staple food in many world areas. Potato starch is in addition used 
in pharmaceutical formulations or as thickener additive in food industry, besides serving 
multiple purposes in paper, textile, biodegradable plastic, adhesive and painting industries. 
Because of these characteristics, easy cultivation and elevated yields per hectare, FAO 
designated this crop as strategic to the eradication of world’s extreme poverty pockets.  
Potato tubers differentiate from underground stems or stolons which, as winter approaches, 
stop elongating and begin expand their subapical region, to accumulate a completely new set 
of proteins and large amounts of starch. Short days and cool temperatures serve as 
environmental informational cues for the formation of these organs, with day length duration 
shown to be perceived by the leaves. When day lengths are shorter than a minimal threshold 
(critical photoperiod), a mobile signal or “tuberigen” is synthesized in the leaf minor veins and 
transported via the phloem to the underground stolons, to trigger tuber transition. Work by 
our group has shown that this mobile signal is encoded by a member of the FLOWERING 
LOCUS T (FT) gene family, the SP6A gene, whose expression is controlled by a day length 
pathway similar to that regulating Arabidopsis FT. However, the potato CONSTANS zinc finger 
factor does not regulate SP6A gene expression, but that of another member of the FT gene 
family, the SP5G gene, which functions as a repressor of SP6A expression. While SP5G 
expression is activated in LDs, expression of this gene is suppressed under inductive SDs, thus 
enabling up-regulated expression of SP6A by an as yet unknown regulator. In Arabidopsis, 
diurnal AtCO expression relies on the transcriptional repressor CYCLING DOF FACTOR (CDF1), 
which is ubiquitinated and marked for proteasomal degradation by interaction with GI and 
FKF1. Destabilization of CDF1 allows AtCOde-repression late in the day such that, in LDs, 
coincidence of up-regulated AtCO levels with the light, results in stabilization of the CONSTANS 
protein, and activation of the FT gene. Remarkably, during potato breeding, allelic variants of 
the potato AtCDF1ortholog, CDF-V locus, lacking the C-terminal FKF1-interacting domain, were 
strongly selected which allowed generation of genotypes able to tuberize in LDs. These 
truncated proteins evade GI-FKF1 regulation, with constitutive accumulation of the CDF-V 
factor leading to sustained StCO repression, impaired SP5G activation and up-regulated 
expression of the SP6A gene. 
Tuber formation involves the activity of cells other than the apical stolon meristem. During 
tuberization transition the stolon SAM ceases its activity, while cells at the subapical region 
start dividing in a perpendicular plane to longitudinal growth. Notably, tubers can differentiate 
from axillary buds of stem node cuttings, when buried in soil or cultivated in high sucrose 
media, indicating that cells committed to storage organ formation are secondary meristems, 
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either the lateral buds or the cambium. The hormonal balance shown to play a role in lateral 
bud activation, was also shown to induce tuber formation in an “in vitro” differentiation 
system. The characterization of SP6A interacting proteins in these cells and signaling events 
downstream of the SP6A mobile signal will be crucial to understand the molecular events 
leading to formation of these important organs and, by extension, to storage organ formation 
in other species forming bulbs, rhizomes or tuberous roots.  
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Fundamental research in ABA signaling fuels biotechnological approaches for 
enhancing plant drought tolerance 

 
Rodriguez P.L., Rodriguez L., Peirats-LlobetM. and Fernandez M.A. 

 
Plant stress biology faces several key challenges, particularly the generation of new crop 
varieties with improved water use efficiency and drought tolerance. Different works have 
shown the potential applications of Arabidopsis PYR/PYL/RCAR abscisic acid (ABA) receptors to 
enhance plant drought resistance. Recently, we demonstrated that ABA receptors engineered 
to enhance ABA-dependent inhibition of protein phosphatases type 2C do have 
biotechnological potential to enhance plant drought resistance (Pizzio et al., 2013). In order to 
demonstrate the efficacy of mutant ABA receptors in crop plants, we generated barley 
(Hordeumvulgare) transgenic plants that over-express mutant versions of Arabidopsis PYL4 
receptors. The demonstration of PYL4 technology in barley would be invaluable in pointing the 
way for other cereal crops of huge agricultural value, such as maize, wheat and rice. As a 
result, we found that barley transformed plants that express PYL4A194T orPYL4H82R V97A showed 
enhanced drought tolerance and therefore, we describe a novel technology to cope with water 
stress. We have also identified the full set of tomato (Solanumlycopersicum) ABA receptors, 
which were functional in Arabidopsis plant cells and over-expression of two monomeric-type 
receptors conferred enhanced drought resistance, which could not be achieved by over-
expression of a tomato dimeric ABA receptor. Additionally, chemical approaches based on 
recently identified ABA-agonists, such as quinabactin, might have biotechnological use.  
Finally, auxiliary proteins that regulate half-life, trafficking or membrane targeting of ABA 
receptors also represent potential sources of candidate genes to enhance plant stress 
response.  Recently, we have identified a gene family of single subunit E3 ubiquitin ligases that 
act as E3 ligases of ABA receptors and therefore control their ubiquitylation and half-life. 
Membrane-delimited ABA signaling plays a critical role for hormone action through control of 
cellular pH, water and ion fluxes but molecular mechanisms linking ABA receptors to plasma 
membrane are unclear. We have reported that calcium-dependent interaction of ABA 
receptors with membranes is mediated through a new gene family of C2-domain ABA-related 
(CAR) proteins. 
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Understanding pollen thermotolerance in tomato 
 

Schleiff E. 
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Temperature increases between 5-15 degrees above optimal growth conditions leads to an 
activation of the cellular heat stress (HS) response, which is essential for adaptation and 
survival of organisms exposed to unfavoured climate environments. Rapid reprogramming of 
gene expression under the control of heat stress transcription factors (Hsfs) leads to the 
activation of HS response genes and accumulation of heat shock proteins (Hsps). Protection 
from protein denaturation and aggregation is assumed to play a central role in maintenance of 
protein homeostasis and is prerequisite for adaptation of cellular processes and development 
of acquired thermotolerance. In plants, Hsfsare encoded by acomplex gene family with 
species-specific variations in the range of 19 to more than 50 members. This remarkable 
enlargement is associated with the evolution offunctional diversification in a versatile network 
of transcriptional regulators which are cooperatingnot only in the control of HS response 
mechanisms but function also more globally in response to many types of stress and 
developmental signals. The activity and composition of the cellular Hsf network is tightly 
controlled by factor-specific physical and functional interactions with distinct chaperones from 
the Hsp70, Hsp90 and small Hsp families. Thus, the existence of a directly connected 
regulatory system based on mutual feedback mechanisms between the two central networks 
required for the efficient adaptation of protein homeostasis under permanently changing 
temperature conditions provides an attractive system for modulations aimed to improve the 
thermotolerance of agricultural plants with particular focus on pollen. 
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Plant male gametogenesis – more ‘germ’ than ‘germline’ 
 

Twell D. 
 

Department of Biology, University of Leicester, United Kingdom 
 
The past decade has seen exciting advances in our understanding of the transcriptional 
capacity and ontogeny of the male gametophyte generation of flowering plants, which delivers 
the two sperm cells needed for double fertilisation1,4,5,6. One outstanding question in this 
example of developmental patterning in plants is how polarity and asymmetric division of the 
microspore are linked to the differential fate of the germline and its ‘companion’ vegetative 
cell.  Mutants that disturb microspore division, together with new cell-fate and chromatin 
markers have allowed this issue to be re-examined. A key finding is that male germ cell fate 
does not strictly depend on cell isolation, supporting a  ‘germ-plasm’ model for cell 
specification. Once the male germline is segregated following asymmetric microspore division, 
germ cell development and gamete specification depends on the germline-specific 
transcription factor DUO1 and its downstream target genes2. These include two ERF-associated 
amphiphilic repression (EAR) motif-containing zinc finger proteins (DAZ1 and DAZ2) that 
interact with the Gro/Tup1-related co-repressor TOPLESS, highlighting the contribution of 
repressive mechanisms to germline development and fertility3. We have started to explore the 
scale and specificity of the DUO1-DAZ1/DAZ2-dependent regulatory network by exploiting 
differentially expressed markers to isolate mutant germ cells by fluorescence-activated cell 
sorting. Our results link large-scale changes in gene expression with deregulated chromatin-
associated pathways in mutant germ cells. Finally, our data provides compelling insight into 
the phylogenetic significance of the DUO1-DAZ1/DAZ2 regulatory module for the coordination 
of cell proliferation and gamete specification in angiosperm male germline development. 
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Cell type specificity of ethylene in Arabidopsis root growth 
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The gaseous hormone ethylene plays a key role in plant growth and development, primarily 
inhibiting vegetative growth by restricting cell elongation. This effect is largely indirect, by 
regulating auxin biosynthesis and transport. In addition, ethylene mediates plant adaptation to 
different environmental stress conditions. However, whether ethylene modulates these 
physiological processes by acting in specific tissue layers is unknown.  
We used cell-type specific promoters to drive the expression of EIN3 binding F-box proteins 
EBF1/EBF2in different tissues. Using phenotypic assays for ethylene response, we revealed key 
tissues required for ethylene-mediated root growth inhibition.  
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Model Chaperones: Small Heat Shock Proteins from Plants 
 

Vierling E., Indu Santhanagopalan, Keith N. Ballard, Nathen E. Bopp 
 

Department of Biochemistry & Molecular Biology, University of Massachusetts, Amherst, USA. 

Small heat shock proteins (sHSPs) are ubiquitous stress proteins proposed to act as ATP-
independent molecular chaperones to prevent irreversible aggregation of stress-labile 
proteins. sHSPs range in size from ~12 to 42 kDa, but typically assemble into 12 to >32 subunit 
oligomers. The monomers are defined by a conserved α-crystallin domain flanked by divergent 
and flexible N-terminal and C-terminal arms. In higher plants sHSPs have evolved 
independently of metazoan and bacterial homologs and comprise multiple families of cytosolic 
proteins, along with proteins targeted to the nucleus, chloroplasts, mitochondria, endoplasmic 
reticulum and peroxisomes. We have used a variety of biochemical and biophysical techniques 
to investigate the structure of sHSPs and their interaction with model substrates in vitro, 
including native mass spectrometry, hydrogen deuterium exchange, chemical crosslinking, 
molecular dynamics sinulations and creation of covalently linked sHSP oligomers. Our data 
point to an important role of the N-terminal arm in substrate interactions and indicate the 
importance of oligomer dynamics in sHSP function. Additional experiments are utilizing the 
cyanobacteriumSynechocystis for genetic analysis of sHSP function by searching for 
suppressors of sHSP mutants. In total, our work provides a foundation for a mechanistic 
understanding of sHSPs, but much remains to be done defining the potential diversity of 
targets they may protect in plant cells. 
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Reconciliation and Integration: an essential step towards the modelling of 
biological systems starting from “omics” data 

 
Bostan H. and Chiusano M.L. 

 
Modelling of a biological system in physiological conditions as well as in target based analyses 
(stress response or pathological conditions) is not possible unless the relevant aspects playing 
role in the underlying mechanisms are put into consideration. To this end, the increasing 
capability to get comprehensive views by “omics” approaches from different levels of 
biological functionality, provide novel perspectives to face the challenge of modelling complex 
molecular processes. 
During the course of the SPOT-ITN project, with the aim of supporting the modelling of the 
gene network involved in pollen thermo-tolerance in the Tomato crop, we designed a 
multidimensional computational platform to store, integrate and interpret useful “omics” 
collections. Our principal aim was to set up a suitable genome based computational 
environment to organize multilevel data from cell functionality that could represent the 
appropriate reference resource for further investigations and tissue/condition/genotype based 
comparative approaches.  
The multi-dimensional genome based platform we designed is organized in 6 partitions 
consisting in 1) Tomato Genome Platform, 2) NexGenEx-Tom, 3) NexEpiGen-Tom, 4) 
Metabolomics, 5) Proteomics, and 6) Orthologs working as independent infrastructures and 
also inter-connected systems to maximize the integration aspect and resources exploitation.  
The collections today available from the platform are the Solanumlycopersicum genome 
(versions 2.40 and 2.50) [1] and the respective annotations by the international Tomato 
Annotation Group (iTAG 2.40 and 2.50), the RefSeq gene annotations reference and small 
RNAs [1]. The platform also includes the 20 Solanaceae Expressed Sequence Tags (ESTs) 
collections downloaded from GenBank [2], their Tentative Consensuses (TCs) [processed using 
ParpEST pipeline [3]], 3 Transcript Indices (unigene) collections (SGN [4], PlantGDB [5], Dana-
farber [6]). The corresponding GenBank ESTs description and the compositional information of 
all the EST, TC and Unigene sequences together with the 5 first best blast hits of the transcripts 
versus SwissProt blast database [7] are also added values to this major effort. 
NexGenEx-Tom [8] represents the transcriptome level including different tomato genotypes 
(Solanumlycopersicum cv. Heinz [1], Ailsa Craig [9], Solanumpimpinellifolium [1]) enabling Gene 
Expression, GO Enrichment, clustering and co-expression analysis.   
NexEpiGen-Tom provides an in-depth overview of the methylation sites indicating the silencing 
or exon skipping for the queried loci (implemented on the Reduced Representation Bisulfite 
Sequencing technique at the moment). Metabolomics and Proteomics partitions 
independently providing collections useful to support a multi-level modelling approaches. 
Cross-link to the transcriptomics level also is an ongoing action using the KEGG [10] database. 
An orthologs platform including the ortholog collection of A.thaliana, S. lycopersicum and 
S.tuberosum provided with the tomato genome sequence release [1] is also an added value for 
cross species analysis and functional tracing activities. 
Data from the SPOT-ITN project were included in a dedicated role based access partition to 
include collections from each partner of the project (such as transcriptomics, metabolomics, 
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proteomics, epigenomics etc.). Collection and integration of these information under a unified 
standard for each data type is also provided in the platform.  
Setup of data processing pipelines for each “omics” data level, gene annotation curation and 
genome reference independent analyses are also ongoing for better solving the project 
objectives.   
Preliminary results from the integrated resources will be reported to show the relevance of 
such approaches in the omics era. 
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Proteomic profiling in pollen development of Tomato 
 

Chaturvedi P., Wolfram Weckwerth and SPOT-ITN Consortium 
 
Tomato is an important food crop which is consumed worldwide and has a high temperature-
sensitive reproductive phase. Recently, we have generated a cell specific reference-proteome 
of Tomato pollen development from the ecotype Red Setter which includes microsporocytes 
(pollen mother cells), tetrads, microspores, polarized microspores and mature pollen 
(Chaturvedi et al., 2013). 
Furthermore, proteins were identified from the mature pollen of tomato (ecotype: Red Setter) 
under heat stress conditions to reveal putative mechanisms of protection and candidate 
marker proteins for heat stress. Proteins were phenol extracted from isolated pollen and 
prefractionated by SDS-PAGE followed by protein digestion. Tryptic peptides were desalted 
and used for further MS/MS analysis. Protein identification was performed using nanoHPLC 
coupled to LTQ-Orbitrap-MS. For peptide quantification, we have developed a novel approach 
called mass accuracy precursor alignment (MAPA)  which is based on accurately measured 
m/z-ratios considering a target list from “proteotypic peptides” (4991 m/z-ratios). Further, m/z 
ions and their corresponding proteins were identified and quantitated using multivariate 
statistical analysis (PCA). These identified proteins were compared with 1514 NSAF quantitated 
proteins obtained from the SEQUEST algorithm. Some unique proteins were identified which 
potentially could be defined as heat stress responsive. Similarly, proteomic profile was 
generated from the ecotype c.v. 3017 under heat stress condition considering post meiotic and 
mature pollen developmental stages. 
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Investigating DNA Methylation Alteration Associated with Heat-Stress in Tomato 
Pollen Development 

 
Chen Y., Bokszczanin K.L., Hoffmeier K., Krezdorn N., Rycak L.,  
Müller S., Grunz F., Scharf K.D., Schleiff E., Rotter B., Winter P. 

 
Cytosine methylation is a key chromatin modification in plant genomes that is heritable and is 
subjected to environmental stress. The main function of DNA methylation is to regulate gene 
transcription in a developmental stage-dependent and tissue-specific manner. Previous studies 
have revealed genome-wide transcriptome and proteinomic changes in response to acute Heat 
Stress (HS) in the reproductive organ (pollen) of an important agricultural crop, 
Solanumlycopersicum (tomato). In this study, we utilized a single-base resolution, high-
throughput DNA methylation profiling method (Reduced Representation Bisulfite Sequencing), 
together with the restriction enzyme-based DNA methylation profiling (MethSeq), and 
investigated the alteration in tomato pollen methylome after acute Heat Stress at three 
developmental stages: the tetrad (T), post-meiotic (PM) and mature (M) stage. These genome-
wide maps will further the understanding the role of DNA methylation in pollen development, 
and how modification on DNA is dynamically altered and heritable in response to changes in 
the environment. 
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Comparative proteomic analysis of Pennisetumglaucum (L.) R.Br (Pearl 
Millet)under drought stress 

 
Ghatak A., Palak Chaturvedi, David Lyon, Neetin Desai, Wolfram Weckwerth 

 
Drought is one of the major abiotic stress which adversely effects crop productivity worldwide. 
It is marked by rapid ROS accumulation, stomata closure, decrease in photosynthetic rate and 
cell growth, and disruption of metabolism. 
OMICS analysis gives a cutting edge to combat this drought stress in plants and helps us to find 
potential marker for drought responsive genes. Pearl millet [Pennisetumglaucum (L.) R.Br] is 
the fifth most important cereal crop in the world after rice, wheat, maize, and sorghum. In the 
present study we have used shotgun proteomic approach (GEL-LC-Orbitrap-MS) [1,2] for 
identification and quantification of proteins from different tissues (root, seed and leaf) under 
drought and control conditions. Drought stress was measured using sensors (ML3 Theta Probe 
provided by Delta – T Devices Ltd) and stomatal conductance was measured using Porometer. 
In total 970 proteins were identified in root, 1382 in seeds, and 1355 in leaf in both stress and 
control condition. 697 proteins were found common in root stress and control. Classification of 
protein is carried out by identifying the nearest Arabidopsis homologue and assigning them a 
function according to Arabidopsis mapping file of Mapman. Principal component analysis (PCA) 
was performed using COVAIN [1-3] which clearly separates stressed from control samples. 
Proteins involved in the function of lipid metabolism, signaling and transport were up 
regulated in the roots under drought stress condition shown by Bi-cluster plot, which was 
determined using the COVAIN toolbox for multivariate statistics and data integration [3]. The 
identified proteins in control and drought stress give us a better insight of the proteome that 
changes drastically in the Pennisetumglaucum. 
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Involvement of hormones in tomato pollen heat stress response 
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Exposure to higher-than-optimal temperatures reduces crop yield and quality, mainly due to 
sensitivity of developing pollen grains. The mechanisms maintaining high pollen quality under 
heat-stress (HS) conditions are poorly understood. The high HS-sensitivity of developing pollen 
grains was attributed to their inability to mount tolerance mechanisms. Recently, we have 
demonstrated that developing pollen grains have the capacity of acquiring thermotolerance 
(ATT), pointing to their capacity to activate thermotolerance mechanisms. Transcriptomic 
analysis of isolated tomato pollen grains, following ATT treatment (done in collaboration with 
GenXPro), indicate the involvement of hormones in ATT. Among these hormones, ethylene 
signaling pathway genes were found to be ATT-up-regulated. Elaborating on involvement of 
ethylene in pollen HS response and thermotolerance, we have used two main experimental 
systems: 1) External application of ethylene gas and ‘ethrel’ (an ethylene releasing substance) 
prior to HS application and 2) Use of ethylene signaling mutants, in order to test the effect on 
pollen thermotolerance. Our results indicate that ethylene pre-treatment increased pollen 
quality following their exposure to HS conditions and that the effect was developmental-stage-
specific. Furthermore, a mutation that causes increased ethylene production was found to be 
thermo tolerant, both at the level of pollen quality and seed production. In addition, ethylene 
signaling pathway components were identified in developing pollen grains, including pollen-
specific homologues. These studies are in process aiming at better characterized the pollen-
specific homologues, the defense mechanism(s) activated in pollen by ethylene and cross-talk 
with other pathways.   
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Hsfs function in tomato anthers and pollen 
 

Li H. 
 
Plant reproductive development is very sensitive to heat stress, and such sensitivity is often 
reflected in decreased crop yields. The microspore formation was shown to be the process 
most vulnerable to heat stress during flower development. Our study addresses the hypothesis 
that heat shock factors are engaged in the protection of tomato anthers under heat stress. 
Therefore we set to uncover which Hsfs are active there and if their expression can be 
modulated to increase the HSR especially in anther.  
To test this hypothesis, the expression level of candidate Hsfs was investigated in anthers 
under heat stress. Expression of Hsf genes was tested in 8 tomato cultivars, either relatively 
tolerant or sensitive to heat stress. Results of this investigation enabled us to build aHsf-genes 
network hypothesis, based on the correlation of Hsf gene expression levels in anthers under 
heat stress. To modulate the HSR in anthers, we overexpressed or down regulated Hsf genes 
under control of anther-specific promoters, which were first tested in transgenic plants 
harboring promoter-GUS fusion under control and heat stress condition. 
Subsequently, transgenic plants carrying RNAi or overexpression of HsfA2 under control of the 
tapetum specific TA29 promoter have been produced, and results on pollen thermotolerance 
will be presented and discussed. 
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Genetic transformation and TILLING approach for heat shock tolerance in tomato 
 

Marko D., Carriero F., Petrozza A., Taddonio G., Iannacone R. 
 
Elevated temperatures were shown to impair plant reproduction in tomatoes by affecting 
pollen development and germination. However, the effect of heat stress on pollen viability 
produced by transgenic plants over-expressing HSP genes has been poorly investigated so far. 
We aim to up-regulate several  Hsp70 isoforms (Hsp70.1; Hsp70.2; Hsp70.3; Hsp70.4; Hsp70.5 
isolated from tomato and one isoform of Hsp70 gene isolated from A. thaliana) by genetic 
transformation of tomato cotyledons (cv Red Setter). The genes used for transformation 
experiments were cloned under transcriptional control of constitutive promoter (CaMV35S) 
and tissue-specific promoters (TA29, LAT-51).  Regenerating shoots were obtained and will be 
analyzed as soon as enough tissues is available. Furthermore, the level of thermotolerance in 
transgenic plants, both in green tissues and pollen, will be assessed.  
Using our TILLING platform, we are screening mutagenized tomato population (cv Red Setter) 
in order to identify mutant lines in which the Hsp/Hsf protein activities are modulated, 
focusing our search on mutations in HspBp (Hsp binding protein) and Hsf17IIc. Hsp binding 
protein is a negative regulator of HS response due to its ability to inhibit Hsps activity by 
binding to them. Therefore, we expect our TILLING mutants with confirmed mutations in 
HspBp gene to have increased pool of Hsps and Hsfs available for plant to respond to heat 
stress, resulting in increased thermotolerance. Heat stress treatment was performed by 
incubating plants (HspBp Mutant line, WT Red Setter, NagCarlan and Moneymaker) at 45°C for 
1 hour followed by 30 min of cool-down, to allow the plants to return to 26°C, and 1 hour 
recovery at 26°C. The control set of plants was kept at 26°C during the experiment.  cDNA 
obtained from green tissues, harvested after recovery, was used  for qRT-PCR in order to 
determine the expression levels of several Hsp and Hsf genes in heat stressed and control 
tissues. Moreover, we are performing back-crosses in generation lines in order to purify the 
mutants of additional negative mutations while identifying the scale of positive effects of the 
desired HspBp mutation. 
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Regulation and interactions of pollen-specific Hsf and chaperone networks 
 

Mesihovic A., Simm S., Paupiere M., Hu Y., Paul P., Bovy A., Schleiff E., Scharf K. D., 
Fragkostefanakis S. 

 
Heat stress response is characterized by preferential transcription and translation of genes 
primarily involved in maintenance of protein homeostasis like heat shock proteins (Hsps). 
Transcriptional activation has been mainly attributed to the activity of heat stress transcription 
factors (Hsfs). The aim of our studies is to elucidate the principles of HSR in distinct tissues and 
cell types, like pollen cells, focusing on the composition of Hsf-related regulatory networks as 
well as on identification of novel mechanisms controlling Hsf activity.  
Tomato genome codes for 27 Hsfs which are assumed to possess distinct and overlapping 
functions. Among these HsfA2 shows the strongest induction of its expression upon HS and 
becomes the most abundant Hsf contributing to the strong upregulation of HS-induced genes 
by forming hetero-oligomeric “superactivator” complexes with the master regulator HsfA1a. In 
contrast to vegetative tissues where it is minimally expressed, HsfA2 as well as other HS-
induced genes are highly expressed at early stages of anther and pollen development. To study 
in detail possible developmental and HS-related functions of HsfA2, we generated transgenic 
plants overexpressing (A2S) or suppressing (A2AS) HsfA2. Transcriptome analysis of leaves and 
anthers isolated from stressed wild type and A2AS plants showed that HsfA2 regulates distinct 
sets of genes in the two tissues. Gene expression analysis revealed that HsfA2 is required for 
the specific expression of several Hsps at early stages of pollen development under non-stress 
conditions while HsfA1a acts as master regulator of HS-induced genes in both pollen 
development and HSR. To understand whether the transcriptional alterations observed in 
anthers are relevant for thermotolerance we performed a pollen quality control assay on 
pollen grains isolated from control and HS-treated wild type and A2AS plants. Interestingly, 
A2AS pollen grains had lower viability compared to wild type, while the number of pollen 
grains released from A2AS anthers was lower already under non-stress conditions. In 
summary, these results suggest that HsfA2 is directly involved in pollen thermotolerance but 
also in the regulation of important aspects of pollen development and release at anthesis.  
The abundance and activity of individual Hsfs are subjected to multiple regulatory mechanisms 
including physical and functional interactions with molecular chaperones. Interestingly, HsfA2 
and other Hsf transcripts are alternatively spliced in a temperature-dependent manner 
resulting on one hand in the adjustment of mRNA levels but on the other hand in the synthesis 
of putative protein isoforms with distinct properties influencing the regulation of target gene 
expression.  
Furthermore, our preliminary results suggest that the two distinct unfolded protein response 
systems controlling cytosolic and ER chaperone networks are not independent but influence 
each other, thereby affecting central aspects of HSR. 
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High temperature effects and acquired thermotolerance  
during tomato pollen development 

 
Müller F., MiekeWolters-Arts, Celestina Mariani, Ivo Rieu 

 
Acquired thermotolerance (ATT) has been studied extensively in vegetative stages of plants. 
However, there is only limited knowledge about ATT in developing pollen grains, in spite of 
their sensitivity and importance for fruit and seed set. To test whether high temperature 
sensitivity changes during pollen development, we analysed pollen thermotolerance 
throughout development and identified stages around meiosis and mitosis to be most 
sensitive to high temperatures. Developing pollen grains at these two sensitive stages were 
able to acquire thermotolerance that, like in vegetative tissues, lasted for a few days. 
Furthermore, by repeated high temperature treatments at the vegetative stage we were able 
to induce longer lasting effects that were stably passed on through mitotic divisions and 
provided pollen with higher thermotolerance. We are now investigating whether this long-
term thermotolerance can also be inherited through meiotic divisions and provide subsequent 
generations with higher thermotolerance. 
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Protein homeostasis during pollen development at higher temperature 
 

Paul P.,Simm S., Chaturvedi P., Fragkostefanakis S., Weckwerth W., Scharf K. D., Schleiff E. 
 
Regulation of cellular homeostasis is strongly linked to proper protein distribution, which is 
further influenced by the abundance and efficiency of the protein transport complexes. Heat 
stress causes dysfunction in protein transport machineries which eventually leads to 
disturbance of protein homeostasis. The aim of the project is to analyze intracellular protein 
distribution in pollen. For 
this reason, we identified both organellar and vesicle transport components in tomato by 
bioinformatic analysis. Further, we performed RNAseq analysis of control and heat stressed 
pollen cells of different stages, however, for only few genes an alteration of the transcript 
abundance in response to heat stress was observed. This might be due to their housekeeping 
function in maintenance of 
proteostasis. To confirm the existence of the factors at protein levels, fractionation of isolated 
pollen from different developmental stages and subsequent proteomic analysis of the cellular 
sub-compartments was performed. 
Additionally, we performed proteomic analysis on the isolated membrane proteins from 
mature pollen of two tomato cultivars (cv. Moneymaker and cv. Red setter). 
In total, we identified 26% (128/491) of the proteins with at least one transmembrane domain, 
majority of which are categorized as transport proteins. The results therefore will be 
discussed. 
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Metabolic Profiles of Tomato (S. lycopersicum) Pollen 
 

Paupière M., Yury M.,Tikunov and Arnaud G. Bovy 
 
Pollen development is sensitive to high temperature which can lead to a decrease of pollen 
fertility and therefore fruit set. The decrease of pollen viability is often correlated with an 
alteration of metabolite abundance under high temperature. We performed untargeted 
metabolic profiling to unravel changes in metabolic composition during development of 
tomato pollen. We used Gas Chromatography – Mass Spectrometry to detect primary 
metabolites and Liquid Chromatography – Mass Spectrometry to detect secondary 
metabolites. Metabolic profiles of pollen development showed accumulation of specific 
metabolites such as flavonoids in mature pollen. To identify high temperature responsive 
metabolites and metabolites which may be associated with pollen thermotolerance we then 
analyzed the metabolic profiles of pollen from different tomato genotypes in response to high 
temperature treatment. Results of several genotype x treatment combinations will be 
discussed. 
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The role of RGGA RNA binding protein in plant response to osmotic stress 
 
Ambrosone A.1, Batelli G.1, Nurcato R.1, Aurilia V.2, Punzo P.1, BangarusamyK.D.3, Ruberti I.4, 
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3Bio-science Core Labs, King Abdullah University of Science and Technology (KAUST), Thuwal, 
Kingdom of Saudi Arabia 
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Osmotic stress critically limits plant growth and crop productivity. The identification of genes 
underlying the mechanisms of stress response is the subject of intense research in plant 
biology. Through microarray analyses we previously identified and  isolated RGGA gene, coding 
for an RNA binding protein, whose expression was specifically induced in Solanumtuberosum 
cell cultures gradually exposed to osmotic stress. The aim of this study was to confirm the role 
of RGGA as a functional RNA binding protein required for a proper response to stress 
condition. We identified the RGGA orthologue in Arabidopsis thaliana (AtRGGA, At4g16830) 
and evaluated the influence of drought and salt stress on AtRGGA gene expression in cells and 
seedlings exposed to high concentrations of NaCl, PolyEthyleneGlycole (PEG) and abscisic acid 
(ABA).Interestingly, AtRGGA gene expression was up-regulated in seedlings after long-term 
exposure to NaCl and PEG, while short-term treatments with NaCl resulted in AtRGGA down-
regulation. To investigate the protein sub-cellular localization, a YFP-RGGA fusion protein was 
used. Fluorescence signal indicated that RGGA is localized in the cytoplasm and the peri-
nuclear region. In addition, a β-glucuronidase (GUS) assay showed promoter activity in several 
tissues, including guard cells of stomata, the organs controlling transpiration. Electrophoresis 
Mobility Shift Assays with total RNA using recombinant His-RGGA  clearly showed that RGGA is 
capable of binding RNA in vitro. To carry out a functional analysis, a gain- and loss-of-function 
approach was performed using rggaknock-out mutants and AtRGGA over-expressing plants. In 
addition, rggaknock-out mutant was hyper-sensitive to ABA in root growth and survival tests 
and to salt stress during germination and at the vegetative stage. Accordingly, the over-
expressing plants showed a higher tolerance both in vitro and in soil and accumulated lower 
levels of proline when exposed to salt and drought stress conditions. Finally, a global analysis 
of gene expression using microarrays, revealed extensive alterations in the transcriptome of 
AtRGGA over-expressing plants and rgga mutants under osmotic stress, indicating that RGGA 
participates in the modulation of transcript abundance of several key genes involved in abiotic 
stress response. The data taken together provide compelling evidence that the RGGA gene is 
involved in important mechanisms of plant response to osmotic stress.  
This work was supported partially by he Italian Ministry of University and Research, FIRB 
Project PlantSTRESS and the GenoPOM-PRO project (PON02_00395_3082360). 
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Development and Metabolism – comparative High Resolution X-ray Computed 
Tomography (HRXCT) analysis of flower development combined with 

metabolomics reveals key points of developmental and metabolic regulation 
 

Bellaire A., Ischebeck T., Staedler Y., Parameswaran S.,  
Ito T., Schönenberger J.and Weckwerth W. 

 
The interrelationship of morphological development and metabolism is a poorly studied 
phenomenon. The main paradigm is that development is controlled by gene expression. 
However, it can be assumed that feedback sensing of the metabolic states within the plant 
tissue contributes significantly to the progress of morphogenesis. The major aim of the present 
study is to link metabolism to early and late stages of flower and fruit development. A highly 
detailed picture of morphogenesis is achieved by non-invasive techniques such as micro-CT. 
This technique was used to quantify morphometric landmarks of early and late flower 
development in Arabidopsis thaliana and Nicotianatabacum. The data were analysed by 
multivariate statistics and the ontogenetic trajectories are compared. The integration of 
metabolomic and morphometric data enabled the correlation of specific molecular signatures 
with the corresponding developmental morphotype, from the moment of floral initiation to 
anthesis, and further to silique formation and seed development in Arabidopsis. These 
signatures changed significantly during development indicating a pronounced metabolic 
reprogramming in the tissue. Distinct sets of metabolites involved in these processes were 
identified and were linked to previous gene expression studies of flower development. A 
model of metabolic sensing during floral development is proposed[1]. 
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Pepper response to salt stress at physiological, molecular and biochemical level 
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Salinity is one of the most important environmental stress factors limiting plant productivity. 
Pepper (Capsicum annuum L.) is a widespread vegetable crop in the Mediterranean area 
where saline water is frequently used for irrigation. It is classified as moderately sensitive to 
salt stress, but limited information is available on salt tolerance mechanism, due to the genetic 
and physiological complexity of the trait; moreover, most of the available data are limited to a 
short period exposure. 
In our experimental design, two sweet pepper genotypes ('QuadratoD'Asti' and 
'CazzoneGiallo') were grown in a closed soilless system and exposed from moderate to high 
salt levels (0-30-90-120 mMNaCl in nutrient solution) during the whole crop cycle. Data were 
collected at different stages of plant growth (vegetative and reproductive) from different 
tissue types including leaves and fruits. Plant phenotypic (biomass and yield) and physiological 
characterization (gas exchanges, total water potential and osmotic potential) was performed 
together with gene expression analysis and metabolic profiling (targeted and untargeted 
metabolites).  
During the whole crop cycle (‘shoot development’, ‘flowering’ and ‘maturity of fruit’ growth 
stages) all the biometric and agronomic traits (leaf area, yield, fruits size and weight) 
decreased with saline levels (significantly at 90-120 mMNaCl), and they were correlated with 
gas exchanges and plant water status. Interestingly, increasing salinity levels did not cause any 
detrimental effect on fruit chemical properties (pH, citric acid, °Brix). 
Results on molecular analysis indicated that both plant developmental stage and long term salt 
treatments affect the expression of genes known to be involved in ion transport, osmolyte 
biosynthesis and other stress-related functions. 
Furthermore, salt stress induced the accumulation of proline and ABA in leaves and of 
different carotenoids during fruit ripening, as well as a change in volatile compounds profiles 
and content. Transcriptome and metabolite profiling can provide great insights into molecular 
events underlying plant pepper development under salt stress, unravelling new information on 
key genes, metabolites and pathways associated with pepper salt stress tolerance. All 
considered, it is evident that plant response to salt stress depends on the interplay between 
physiological, biochemical and molecular factors. By an integrated analysis we aim to construct 
correlation networks in order to develop a model describing pepper plant response to salt 
stress and its effects on fruit quality. 
This work was funded by Ministry of Education, University and Research, PONProject GenHORT 
(PON02_00395_3215002).  
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Omics for Plant Sciences: where are the reference resources? 
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The fast production of molecular data and the establishment of reference resources to gather 
and organize all the publically available collections in suitable databases certainly drove and 
pushed the establishment of Bioinformatics and contributed to the evolution of Biological 
research. 
The inestimably precious strategy of making “omics” data and related resources accessible to 
the whole scientific community consistently contributed to the establishment of deeper 
consciousness, common languages and coordinated efforts. While facing the main challenges 
in the “omics” era contributing to the integration of different multilevel data, from multiple 
aspects of cell functionalities, we also focused on the overview about currently available 
resources for Plant genomics. 
We considered resources related to the reference plant Arabidopsis thaliana [1], and three 
other species of relevant interest in crop genomics, as well as in the worldwide economy, such 
as Solanumlycopersicum [2], Solanumtuberosum [3] and Vitisvinifera [4]. In particular we 
considered all the relevant plant genomics resources, to get the current available information 
concerning genome releases and gene annotation versions. Furthermore we investigated 
widespread ortholog databases, in order to understand the level of homogeneity of such 
collections. 
Moreover, concerning A. thaliana, we also investigated online platforms for co-expression 
analysis based on microarray approaches comparing the source data, the methods and the 
results. 
Our overview highlighted the lack of uniformity between these reference collections, probably 
caused by multiple different aspects in a multifaceted world like the one of Plant Sciences. 
Nevertheless, the lack of reliable and uniform references for Plants can lead to 
misinterpretation of biological data, limiting their use by the scientific community especially in 
plant comparative genomics. 
 
Acknowledgements: Luca Ambrosino is supported by the Genopom PRO and HORT Projects 
(Ministerodell’Istruzione, dell’Università e della Ricerca -MIUR, Italy).This work is the frame of 
the Cost Action FA1106. 
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Co-suppression of Prosystemin reduces but does  
not erase defense responses in tomato 

 
Coppola M., Di Lelio I., Corrado G., Bostan H., Chiusano M. L., Ruocco M.,  

Pennacchio F., Rao R. 
 
In Solanaceae, a family of defense-related peptide hormones called systemins are involved in 
the activation of defense genes in response to wounding and herbivore attacks. Systemin (Sys) 
is an 18-amino-acid peptide released at wound sites from a larger precursor protein, called 
Prosystemin (ProSys). The transcriptomic change imposed by ProSys over-expression was 
recently investigated. It indicated the differential expression of genes involved in several 
pathways, including those related to phytohormones. Moreover, Prosys over-expression 
correlated to a strong resistance to Lepidoptera, aphids and necrotrophic fungi as well as an 
increased tolerance against saline stress.  
With the aim to increase our understanding of early signal events occurring during the 
activation of tomato defence responses, we generated and assayed transgenic plants co-
suppressed in ProSys expression. Despite these transgenic plants were impaired in ProSys 
production, reduced necrosis areas following Botrytis cinerea spores inocula in comparison to 
the control were observed, but 
larger than those observed on ProSys over-expressing leaves.  Similar observations were 
obtained in a Spodopteralittoralis growth rate increase assay.  
In order to investigate on the players of signal transduction in this ProSys co-suppressed 
genotype, the expression analysis of defence-related genes was performed in a time course 
following Spodopteralittoralis chewing. 
Interestingly, despite ProSys predominant involvement in early signals that flow in the 
activation of JA pathway, the ProSys co-suppressed genotype showed the activation of early 
and late genes of JA biosynthesis after chewing. A wide reprogramming of tomato 
transcriptome in ProSys co-suppressed plants was detected by RNAseq. Despite the co-
suppression of the Prosystemin expression surprisingly, transgenic plants have a resistance 
level against herbivorous pests and phytopathogenic fungi higher than untransformed plants 
and, as expected, lower then Prosys over-expressing plants. We are investigating the 
possibility, among others, that in absence of a canonical JA-dependant activation of plant 
response to biotic stress other defence mechanisms may be more strongly activated because 
of the antagonistic interplay of plant signalling pathways to stress. The biological observations 
and molecular investigations in ProSys co-suppressed lines could shed light on the interplay of 
the tomato defence responses against biotic stressors, improving also the knowledge about 
the systemin-dependant response. 
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Regulation of tomato HsfA2 expression and activity  
by distinct alternative splicing events 

 
Hu Y., Röth S., Fragkostefanakis S., Schleiff E., Scharf K. D. 

 
Heat stress transcription factors (Hsfs) are the terminal components of the signal transduction 
chain mediating the activation of genes responsive to heat stress (HS) as well as other stresses 
leading to disturbance of protein homeostasis. Besides the transcriptional control by Hsfs, HS 
response (HSR) is mediated by various regulatory mechanisms affecting transcriptome and 
proteome in a quantitative and qualitative manner. Alternative splicing (AS) is such an 
important regulatory process, and several studies have shown that splicing of pre-mRNA is 
influenced by HS. We found that several HS-induced Hsfs arealternatively spliced in a 
temperature-dependent manner in young tomato seedlings and pollen cells. We focused on 
understanding the effects of splicing on HsfA2,one of the main factors of HSR in tomato. 
HsfA1a induces the expression of HsfA2 during HS, while interaction of the two proteins leads 
to the efficient nuclear retention of the former. In addition, interaction of HsfA2 with Hsp17.4-
CII during HS leads to the accumulation of both in large protein aggregates called heat stress 
granules (HSGs), from which they are released during prolonged or repeated cycles of HS. 
Originally, the HsfA2 locus was described with a single intron located in the coding region of 
the DNA-binding domain (DBD). In total we found seven different splice variants with diverse 
putative functions under different HS regimes. Three splice variants appear exclusively at 
temperatures above 40oC and are thought to be degraded by non-sense mRNA decay (NMD) 
mechanism, contributing to the moderation of HsfA2 levels. In addition to the original 
transcript (HsfA2-I), we found two more splice variants (HsfA2-II and III) coding for the same 
protein, but differing in their 3’-UTR. The levels of these three variants are affected differently 
by the strength and the time of the stress treatment. Furthermore, splicing of both introns 
results into a transcript (HsfA2-IV) predicted to code for an isoform with altered amino acid 
sequence in the C-terminal activation domain which is strongly influencing HsfA2 localization 
and activity control. Collectively, our results suggest that alternative splicing seems to be an 
important control mechanism contributing to the regulation of thermotolerance in plants. 
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How tomato responds to water stress and rehydration 
 

Iovieno P.1, Punzo P.1, Batelli G.1, Nurcato R.1, Guida G.2, Mistretta C.2, Bostan H.3, 
Colantuono C.3, Albrizio R.2, Chiusano M. L.3, GiorioP.2, Grillo S.1 

 
1National Research Council of Italy, Institute of Biosciences and Bioresources (CNR-IBBR) 
Research Division Portici, Italy 
2National Research Council of Italy, Institute for Mediterranean Agriculture and Forest Systems 
(CNR-ISAFoM), Italy  
3Department of Agriculture, University of Naples “Federico II”,Portici, Italy 
 
 
Drought is among the environmental stresses causing major plant yield losses. Tomato is one 
of the most important crops in the world, therefore the necessity to improve the tolerance to 
lower water inputs is crucial and it could deliver a substantial contribution to saving of water.  
The goal of our research was the characterization of physiological, biochemical and molecular 
processes occurring in tomato genotypes with different levels of tolerance to limiting water 
supplies, in order to dissect the complexity of the molecular events occurring in response to 
drought.Plants of cv M82, an introgression line of Solanumpennelli with the recurrent parent 
M82 (IL9.2.5) and an Italian local cultivar reported as tolerant to water stress (SR42) were 
subjected to a water deficit experiment in greenhouse including two subsequent water stress 
periods. Drought stress was imposed by withholding water for 16 days (D1); plants were then 
re-watered for 7 days (recovery, RW) and a second cycle of drought stress was subsequently 
imposed for 8 days (D2). Stomatal conductance (gs) and CO2 assimilation (A) showed similar 
trends with values greatly reduced in stressed plants, which is indicative of a severe water 
stress condition.  
Proline and ABA contents measured during the progression of drought stress (D1 and D2) and 
rewatering (RW) both showed a clear negative exponential relationship with stomatal 
conductance. SR42 genotype accumulated the highest content of both ABA and proline during 
D2, while IL 9.2.5. accumulated an high level of proline only during D1; in all genotypes the 

contents of ABA and proline decreased at RW. A transcriptome analysis  of M82 leaves was 
then carried out to study global gene expression responses of tomato to the two water stress 
cycles and rehydration. 966 genes (identified using iTAG version 2.3), showed differential 
expression in at least one of the analyzed conditions and were therefore considered as 
differentially expressed genes (DEGs). DEGs were then subjected to a cluster analysis. Seven 
clusters of DEGs with respect to their behavior similarity were selected for further 
investigation. Among them, 5 clusters showed higher expression level in well-watered and re-
watering plants, while the remaining two clusters showed lower expression in D1 and D2 
stressed plants.  

 Altogether, the data indicate that a coordinated adjustment of transpiration, photosynthesis, 
ABA and Proline content occurs in tomato during water stress. RNA sequencing analysis of the 
M82 genotype indicated that drought stress largely results in down regulation of gene 
expression with only a small subset of genes induced during drought stress. Genes up-
regulated in stress conditions were grouped in two clusters enriched in stress-related GO 
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categories. Functional analyses on selected genes are under way to confirm their role in 
tomato stress tolerance/adaptation mechanisms. 
This work was funded by Ministry of Education, University and Research, 
GenoPOM-PRO project (PON02_00395_3082360). 
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Large scale isolation of several pollen development stages from heat stressed 
tomato to perform comprehensive –omics analysis 

 
Marko D., Jegadeesan S., Paul P., Chaturvedi P., Paupière M., Müller F., Bokszczanin K., 

Petrozza A., Iannacone  R. 
 
Fruit set in tomatoes is affected by the exposure of plants to high temperatures particularly 
during flowering. Temperatures above 34°C at the time of pollen-grain germination decrease 
the germination percentage and alter the development of male gametophyte. While the 
vegetative plant tissues being fairly heat resistant, the reproductive system appears to be heat 
sensitive, probably due to insufficient induction of heat stress (HS) response and 
thermotolerance mechanisms.  
The major aim of the SPOT-ITN consortium is to identify key factors involved in heat stress (HS) 
response during pollen development in tomato, leading to pollen thermotolerance, by using 
several – omics techniques and to establish a reference data set to describe the response 
under moderate heat stress conditions in Solanumlycopersicum 
Tomato plants (cv. Red Setter) were grown at optimal temperature conditions (24/18°C for 
12/12 h d/n) in greenhouse until they developed the second set of inflorescences. A set of 
plants was kept at 26°C to be used as control, while the other set was heat stressed at 38°C for 
1 hour followed by 30 min of cool-down to allow the plants to return to 26°C and 1 hour 
recovery befoe 
sampling.  
A specific procedure for harvesting flower buds corresponding to three stages of pollen 
development (tetrads, post-meiotic pollen cells and mature pollen grains) and large scale 
isolation of the different pollen fractions was developed. Pollen viability and germination 
efficiency was evaluated on mature pollen at anthesis, immediately after performing the 
treatments as well as on mature pollen that developed during subsequent days from earlier 
stages present at the time of heat treatment. Samples from the different pollen stages were 
prepared for comprehensive transcriptomic, proteomic, and metabolomic analyses to be 
performed by consortium partners. The experimental outline and data from the analysis of 
pollen quality in HS-treated and control tomato plants will be described. 
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Whole-transcriptome analysis to investigate fruit development  

variation in three tomato genotypes 
 

Sacco A., Barone A. 
 

Department of Agriculture, University of Naples “Federico II”,Portici, Italy 
 
Tomato (Solanumlycopersicum) is the primary model for the study of fleshy fruits, and 
research in this species has elucidated many aspects of fruit physiology, development, and 
metabolism.  
Establishing a large-scale picture of gene expression during ripening has become feasible 
thanks to next generation sequencing approaches, which are helping to answer crucial 
questions relating to the complex mechanisms of fruit development and ripening.  
Examples of how transcriptomics has driven the discovery of novel ripening gene regulators 
has been especially effective in tomato with numerous examples including LeHB1, TAGL1, 
FUL1/FUL2, SlAP2 and SlERF6. Up till now, these studies mainly focused on model tomato 
genotypes like Ailsa Craig, Microtom and Heinz.In order to better understand variation of fruit 
development and ripening in tomato we analyzed the transcriptome trends and changes by 
RNAseq analysis in three genotypes with different fruit morphology and size during three 
developmental stages, that are mature green (MG), breaker (BR) and red ripe (RR). 
After reads processing, quality check and all the routinely analyses, we found that in one 
genotype the transcription activity was slight higher in the red ripe stage whereas, in the other 
two genotypes the peak of transcription was observed at the breaker stage, as already 
reported in tomato. With the aim of clarifying the mechanisms of ripening and development, 
and of understanding if they could be genotype-depending processes, the transcription level of 
key-regulator genes in development and ripening was ascertained in our collection of RNAseq 
data. In particular, we interrogated the annotated tomato genome to select genes involved in 
ripening and then we checked their expression level in our three different genotypes at the 
three developing stages considered. 
We found 294 candidate genes, of which 191 ethylene response factors (ERF); 5 APETALA2 
(AP2); 11 ripening-related proteins; 82 aminocyclopropane-carboxylic acid synthase (ACS); 2 
FRUITFULL MADS-box (FUL) and abscisic stress ripening; and 1 HB and tomato AGAMOUS-like 
(TAGL). A trend variation of these genes in the three different genotypes was found, allowing 
us to suppose that development and ripening processes in tomato are genotype-dependent 
phenomena. 
Further analyses and a deeper investigation of RNAseq data will be undertaken to in-depth 
clarify the complex mechanisms regulating development and ripening in tomato fleshy fruit. 
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Conservation of phytohormonebiothynthesis and signaling pathways  
exemplified for auxin, gibberellin, abscisic acid and ethylene 

 
Simm S., Bostan H., Jegadeesan S., Firon N., Chiusano M. L., Schleiff E., Scharf K. D. 

 
Growth and development of plants is controlled by phytohormones. While the basic principle 
of this regulation is conserved in all plant organisms, adaptations to different plant 
architectures and growth environments had to be evolved. Today a major importance for 
these processes has been assigned to the two phytohormonesauxin and gibberellin. 
In addition, phytohormones like abscisic acid or ethylene play a role in the response of plants 
to biotic and abiotic stresses, and during attacks of pathogens or herbivores, beyond playing 
key roles in specific functional processes during plant development. 
To explore variations we defined a core set of common biosynthesis, transport and signaling 
pathways for these four phytohormones. 
Based on the model organism Arabidopsis thaliana and the pathway databases AraCyc and 
Arabidopsis Hormone Database (AHD2.0) we extracted the genes coding for the major 
enzymes and factors involved. 
The corresponding protein sequences were used for the search of orthologues in the whole 
genomes of tomato and another 11 different plant species including one moss, four monocots 
and six eudicots.  
The obtained results were used to analyze the conservation of biosynthesis and signaling 
pathways for these phytohormones.  
The gained data set has been organized in a web accessible database, called PlantOrtho, which 
provides access to the whole proteome of the 13 selected plant species. 
PlantOrtho is crosslinked to other public databases to provide broader information for each 
orthologue including functional domain structure information and tissue specific expression 
profiles for tomato. Besides a core set of genes conserved in all species and thereby 
representing the fundamental paths in plants we identified and discuss some variations within 
the biosynthesis and signaling pathways while comparing the orthologues and co-orthologues 
of the differentplant species. 
The work will be further extended to other phytohormones. 
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ASCORBIC ACID REGULATION IN TOMATO FRUITS INFECTED BY EMDV 
 

Zarrillo A.,Minutolo M., Amalfitano C., Alioto D., Errico A.  
 
Department of Agriculture, University of Naples “Federico II”,Portici, Italy 
 
Ascorbic acid (AsA) is a multifunctional plant metabolite with an important role in cell growth, 
fruit development and ripening. It acts also as antioxidant and is involved in the response to 
biotic and abiotic stresses. Stresses cause alterations in gene expression and cell physiology 
and are responsible of losses in crop quality and yield. Tomato affected by Eggplant Mottled 
Dwarf Virus (EMDV) shows a wide range of symptoms accompanied by the lowering of the 
economical value of products.  
The responses of tomato plants to EMDV infection about the variation in AsA and 
dehydroascorbic acid (DhA) contents and the regulation of genes involved in the synthesis, 
recycling and oxidation of AsA in fruits of the ecotype “Maggese”  were studied. For this 
purpose fruits from healthy and infected plants were collected at different ripening stages for 
the analyses. 
 Total AsA (AsA + DhA) decreased during ripening in healthy fruits, while it  increased in 
infected ones. During initial ripening stages DhA tends to increase in both healthy and diseased 
fruits, but at ripening it decreases in infected fruit only . 
Up-regulation in the expression of genes involved in AsA biosynthesis was generally observed 
in diseased fruits during ripening, while, in healthy fruits some of those genes were down-
regulated. The expression of recycling and oxidation genes was variable and independent by 
ripening stages. Total AsA content increased with the increasing of the expression of the genes 
involved in biosysinthesis in the diseased ripe fruits. In the ripe healthy fruits, the same genes 
were generally down-regulated respect to mature green stage, according to the lower total 
AsA content. 
Other studies will be carried out to evaluate the response of other tomato genotypes to EMDV 
infection to ascertain the mechanisms by which the virus influences AsA content. 
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