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Programme Overview 

 

 

Tuesday March 9 

Symposium 1: Plant-Improvement (Chair Dr. Jesús Jorrín-Novo) 

  

GMT 
My Time 

Zone 
  

Start End Start End 

  

14:00 14:10     Welcome Address: Christof Rampitsch, Conference Chair; Jenny Renaut, INPPO President 

    

14:10 14:40 
    

Keynote Lecture: Dr. Jesús V. Jorrín-Novo, University of Cordoba, Spain.  "Past, present 
and future of plant proteomics: the view of the orphan and recalcitrant forest tree 
Quercus ilex" 

  

14:40 16:00     Session 1 

    

14:40 15:00     Talk 1.1: Luciana De Oliveira, INRAE, Gif-sur-Yvette, France. “SpecOMS, an open 
modification search approach challenging high-throughput single amino acid variations 
identification"   

15:00 15:20     Talk 1.2:  Ray Bacala, Canadian Grain Commission, Winnipeg MB, Canada. “New PTM 
observations raise questions on protein trafficking in developing wheat embryos” 

  

15:20 15:40     Talk 1.3: Leonard Barnabas Ebinezer, University of Padova, Italy. “Effects of PFAS on 
growth, physiology and root proteome of hydroponically grown maize plants" 

  

15:40 16:00     Invited talk: Dr. Jun Song, Agriculture & Agrifood Canada, Kentville NS, Canada.  
“Application of quantitative proteomics to maintain and improve eating quality of fruit”  

  

  

16:00 17:00     Break 

    

17:00 20:00     Poster Sessions 1 and 2 
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Tuesday March 9 

POSTER SESSION 1: PLANT DEVELOPMENT & CROP IMPROVEMENT (ModeratorsDrs. Sabine Lüthje, Laurence 
Bindschedler) 

  

GMT My Time Zone Poster Presenter Ttile 

Start End Start End       

  

16:50           Good Afternoon/Evening! 

  

17:00 17:10     1.1 Sufia Farhat Looking forward to Cajanus cajan Proteome Atlas 

17:10 17:20     1.2 Hua Bridget Bai Unbiased RNA and protein co-expression networks identify key genes 
predictive of hybrid vigor in maize   

17:20 17:30     1.3 Vanildo Silveira Label-Free Quantitative Phosphoproteomics Reveals Signaling 
Dynamics Involved in Embryogenic Competence Acquisition in 
Sugarcane 

17:30 17:40     1.4 Maxence James Multi-omic analysis of 2 maize near- isogenic lines for cold tolerance 
QTLs 

17:40 17:50     1.5 Leonard Ebinezer Label-free quantitative proteomic analysis of commercial soymilks 

17:50 18:00     1.6 Emmanuelle 
Bancel 

Proteomic and peptidomic tools to analyze in vitro gastrointestinal 
digestibility of bread wheat 

18:00 18:10     1.7 Miroslav Perniš The secretome of Pinus nigra Arn. embryogenic cell suspension culture 

18:10 18:20     1.8 Ana Paulina 
Barba de la Rosa 

Morphological, biochemical, and molecular characterization of wild 
and cultivated amaranth seeds 

18:20 18:30     1.9 Ivan Takeshi 
Cerritos Castro 

Amaranth calcium oxalate crystals as possible carbon pools 

18:30 18:40     1.10 Hasan Kolkas The Marchantia polymorpha cell wall proteome: to what extent is it 
conserved compared to that of higher plants? 

18:40 18:50     1.11 Elisabeth Jamet A core plant cell wall proteome could contribute to the maintenance of 
the basic cell wall functions 

18:50 19:00     1.12 Salvador 
González-Gordo 

Mitochondrial protein expression during sweet pepper (Capsicum 
annuum L.) fruit ripening: iTRAQ-based proteomic analysis  

19:00 19:10     1.13 Salvador 
González-Gordo 

Peroxisomes from sweet pepper (Capsicum annuum L.) fruit: iTRAQ  
proteomic analysis during ripening 

 POSTER SESSION 2: SIGNALLING (Moderators: Drs. Laurence Bindschedler, Sabine Lüthje) 

              

19:10 19:20     2.1 Wendy Lyzenga Identification and characterization of ubiquitination components in 
cucumber phloem which function as long-distance signaling agents in 
phosphorus homeostasis 

19:20 19:30     2.2 Ascensión 
Martínez-
Márquez 

Proteomics-driven discovery of an ABC transporter b family member 
(VvABC-B) in elicited grapevine cells: functional analysis as a trans-
resveratrol transporter 

19:30 19:40     2.3 Véronique 
Santoni 

Root ubiquitinome under osmotic stress 

19:40 20:00     Open for Questions   
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Wednesday March 10 

Symposium 2: Plant-Signals (Chair, Dr. Jennifer Geddes-McAlister) 

  

GMT 
My Time 

Zone 
  

Start End Start End 

  

13:55       Good Morning/Afternoon! 

    

14:00 14:30     Plenary Lecture: “Closing the protein gap in plant chronobiology”  Dr. Glen Uhrig, 
University of Alberta, Canada 

  

  

14:30 16:00     Session 2 

    

14:30 14:50     Talk 2.1: Alessio Scarafoni, University of Milan, Italy. “Extracellular vesicles of the 
apoplast of germinating lupin seeds: proteomic analysis and mechanism of release from 
the cells”   

14:50 15:10     Talk 2.2: Andrej Frolov, Leibnitz Inst. of Plant Biochem. Germany. “Glycation of plant 
proteins in the context of ontogenetic changes and ecological interactions” 

  

15:10 15:30     Talk 2.3: Ramesh Katam, Florida A&M University. "Proteome and phospho proteome 
studies in heat tolerant and susceptible rice cultivars" 

  

15:30 15:50     Invited talk: Dr. Stefanie Wienkoop, University of Vienna, Austria. “A plant core stress 
responsive proteome (CSRP) network is involved in moderate drought stress regulation” 

  

15:50 16:00     COST Project update: Mélisande Blein-Nicholas 

    

16:00 17:00     Break 

    

17:00 20:00     Poster Sessions 3 and 4 

    

20:00 21:00     INPPO Business Meeting ( A L L  W E L C O M E ! ) 
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Wednesday March 10 

SESSION 3: BITOIC INTERACTIONS AND STRESS (Moderator: Drs. Jenny Renaut, Stefanie Wienkoop) 

16:50           Good Afternoon/Evening! 

  

17:00 17:10     3.1 Nadezhda 
Frolova 

Changes in the proteome of radish (Raphanus sativus L.) in response to 
Agrobacterium infection  

17:10 17:20     3.2 Natalia V. Bykova Profiling the total and nuclear proteomes of host-pathogen interactions 
of the wheat Thatcher near-isogenic line for Lr2a resistance gene with 
virulent and avirulent races of Puccinia triticina 

17:20 17:30     3.3 Leonor Guerra-
Guimarães 

Proteomic Analysis of three Coffee Leaf Rust races with different 
pathogenic behavior 

17:30 17:40     3.4 Agnieszka Szuba Molecular adjustments in Populus × canescens colonized with the 
ectomycorrhizal fungus Paxillus involutus, which limited plant host 
growth - a proteomic and metabolomic view 

17:40 17:50     3.5 Aslihan Günel Proteome profile of Endoplasmic Reticulum of Pyrenophora teres f.sp. 
maculata 

17:50 18:00     3.6 Rita B. Santos Grapevine – downy mildew proteomics of the first hours of an 
incompatible interaction 

18:00 18:10     3.7 Ahyoung Kim Characterization of age-related proteome changes in common beans 
(Phaseolus vulgaris) 

18:10 18:20     3.8 Maria Angeles 
Castillejo 

A shotgun proteomics approach for the study of the effect and 
responses to combined drought and Phytophthora cinnamomi in 
Quercus ilex subsp. ballota [Desf.] Samp. seedlings from two 
contrasting Andalusian populations  

18:20 18:30     Open for Questions   

SESSION 4: ABITOIC STRESS (Moderators: Dr. Stefanie Wienkoop, Jenny Renaut) 

18:30 18:40     4.1 Klára Kosová Potential utilization of dehydrin proteins as indicators of cereal (wheat, 
barley) tolerance to environmental stresses 

18:40 18:50     4.2 Daria Gorbach Protein glycation and drought response of pea (Pisum sativum L.) root 
nodule proteome: a proteomics approach 

18:50 19:00     4.3 Maryke 
Labuschagne 

Proteomic analysis of durum glutenin protein under heat and drought 
stress  

19:00 19:10     4.4 Miroslav Perniš Plausible implications of chronic ionizing radiation stress for plant 
memory and immunity 

19:10 19:20     4.5 Marija Vidovic Twenty different late embryogenesis abundant proteins (LEAPs) 
accumulate in desiccated Ramonda serbica leaves 

19:20 19:30     4.6 Kjell Sergeant The chloroplast of Craterostigma plantagineum during a complete 
dehydration/rehydration cycle. 

19:30 19:40     4.7 María-Dolores 
Rey 

Targeted post-acquisition proteomics as an approach for the search of 
proteins and peptides to be used as markers of tolerance to drought in 
Quercus ilex 

19:40 19:50     4.8 Madhiya 
Manzoor 

Root proteomic analysis of Common bean (Phaseolus vulgaris) under Fe 
and P stress. 

19:50 20:00     Open for Questions   

20:00 21:00   INPPO Meeting INPPO Business Meeting – All Welcome! 
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Thursday March 11 

Symposium 3: Plant-Interactions (Chair: Dr. Michel Zivy) 

    

GMT 
My Time 

Zone 

Start End Start End 

  

13:55       Good Morning/Afternoon! 

    

14:00 14:30     Plenary Lecture: “Identification of Effectors from the Phytopathogen Fusarium 
graminearum using BioID” Dr. Gopal Subramaniam, Agriculture and Agrifood Canada, 
Ottawa, Canada 

        

  
  

14:30 15:40     Session 3 

    

14:30 14:50     Talk 3.1: Boyan Liu, Univeristy of Guelph, Canada. “Proteomics to decode the relationship 
between plant and fungal pathogen on a systems level” 

  

14:50 15:10     Talk 3.2: Joana Figueiredo, University of Lisbon, Portugal. “Modulation of apoplast 
proteome by downy mildew in susceptible and tolerant grapevine cultivars” 

  

15:10 15:30     Talk 3.3: Laurence Bindschedler, Royal Holloway, London, UK. “Investigating the barley 
powdery mildew extra-haustorial proteome during infection by the biotrophic fungus 
Blumeria graminis to identify and validate host proteins required for susceptibility”   

  

15:40 16:00     Invited talk: Dr. Georgia Tanou, University of Thessaloniki, Greece. “Proteo-metabolomic 
study of olive (cv. ‘Chondrolia Chalkidikis’) drupe development and maturation” 

  

  

16:00 16:30     INPPO 2021 Closing and INPPO 2022/3 Invitation.  INPPO 2024/5? 

    

16:30 17:00     Break 

    

17:00 20:00     Poster Sessions 5, 6 and 7 
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Thursday March 11 

SESSION 5: ENVIRONMENTAL PROTEOMICS (Moderator Drs. Antonio Masi, Christof Rampitsch) 

16:50           Good Afternoon/Evening! 

  

17:00 17:10     5.1 Nasser Mahna Response of soybean to graphene oxide nanostructures stress at 
proteomic level  

17:10 17:20     5.2 Bruno Komazec The effects of silver nanoparticles and ions on Chlorella vulgaris 

17:20 17:30     5.3 Petra Peharec 
Štefanić 

Effects of silver nanoparticles and silver nitrate on root proteins of 
tobacco (Nicotiana tabacum) plants 

17:30 17:40     5.4 Karla Košpić Changes in activities and isoform patterns of antioxidant enzymes in 
tobacco plants upon exposure to silver nanoparticles and silver nitrate 

SESSION 6: NITROGEN USE EFFICIENCY (Moderator: Drs. Natlaia Bykova, Andrej Frolov) 

17:40 17:50     6.1 Dristy Zaman Transamination of L-asparagine in Glycine max leaf tissue 

17:50 18:00     6.2 Bhakti Prinsi Proteomic changes in the roots of M4 grapevine rootstock in response 
to nitrate availability 

18:00 18:10     6.3 Chiara Muratore  Comparative proteomics of organelles in maize (Zea mays L.) roots in 
response to different availabilities of nitrate and ammonium 

18:10 18:20     6.4 Yordan Muhovski Comparative proteomic analyses of potato (Solanum tuberosum L.) 
cultivars grown in hydroponics and subjected to different dosses of 
nitrate 

18:20 18:30     Open for Questions   

SESSION 7: TECHNOLOGIES (Moderator: Drs. Andrej Frolov, Natalia Bykova) 

              

18:30 18:40     7.1 Tatiana Bilova Ageing stimulated protein glycation process in Arabidopsis plants 

18:40 18:50     7.2 Willy Bienvenut Sub optimal [15]N metabolic labelling in plant to determine protein 
turnovers: A new look at the isotopic distribution 

18:50 19:00     7.3 Ascensión 
Martínez-
Márquez 

Application of MRM for grapevine organelle abundance profiling 
analysis in cell-suspension culture 

19:00 19:10     7.4 Amalia Piro Fine-tuned procedure to extract high purified proteins from the 
seagrass Halophila stipulacea and proteins identification  by means of 
several seagrass genomic resources 

19:10 19:20     7.5 Tatiana Leonova Validation of a filter aided sample preparation (FASP)-based label-free 
quantification approach for proteomics analysis of plant tissues 

19:20 19:30     7.6 Zachary Provost Known and novel proteins identified in mature rice (Oryza sativa L.) 
starch grain revealed by three diverse granule preparation methods 

19:30 19:40     7.7 Nick Prudhomme Profiling the Infectome of Agrobacterium tumefaciens and Nicotiana 
benthamiana with Quantitative Proteomics for Molecular Farming 

  

19:40 19:50     Poster Prizes Announced   

  

19:50 20:00     Final Closing of 
INPPO2020 
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ABSTRACTS 

ORAL SESSIONS 

 

SYMPOSIUM 1: Tuesday March 9th 2021 

PLANT IMPROVEMENT 

 

KEYNOTE PRESENTATION 

Past, present and future of plant proteomics: the view of the orphan and recalcitrant forest tree 

Quercus ilex 

Jesús V. Jorrín-Novo 

Agroforestry and Plant Biochemistry, Proteomics, and Systems Biology. Dpt. Biochemistry and Molecular 

Biology, ETSIAM, University of Cordoba, Spain. 

In 25 years, five proteomics platform generations have appeared. We are now moving from a holistic to a 

targeted and focused strategy and to Systems Biology. While feasible with model organisms, proteomics 

of orphan species remains challenging. Proteomics, even in its simplest approach, is shedding light on 

plant biological processes, the central dogma, the molecular bases of phenotypes of interest and could 

be translated to areas such as food traceability and allergen detection. Proteomics should be validated 

and optimized to each experimental system, objectives, and hypothesis. It has limitations, artefacts, and 

biases. We should not blindly accept the proteomics data and just create a list of proteins, networks, and 

avoid speculative biological interpretations. From the hundred to thousand proteins identified and 

quantified it is important to focus on and validate some of them, otherwise it is just description. We are 

starting to have the pieces so let us, from now, build the puzzle. 

 

TALK#1.1 

SpecOMS, an open modification search approach challenging high-throughput single amino acid 

variations identification 

Luciana De Oliveira1, Langella O1, Balliau T1, Tessier D2, Blein-Nicolas M1, and Zivy M1 

1Université Paris-Saclay, INRAE, CNRS, AgroParisTech, GQE – Le Moulon, Gif-sur-Yvette, France 
2BIA - Unité de recherche sur les Biopolymères, Interactions Assemblages – INRAE, Nantes, France 

Proteomics studies are based on the identification of proteins. Although biochemistry assays and 

bioinformatics strategies have made significant advances in this field, they are still unaware of a 

comprehensive solution. Generally, the protein identification methodology consists of spectrum 
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similarity search by comparing an experimentally acquired fragmentation spectrum against a theoretical 

spectrum derived from a protein sequence database. Additionally, to process a large universe of pairwise 

comparisons, most search engines start by selecting theoretical peptides based on their mass.  Since the 

mass modifications must be declared in advance, it represents a challenge to identify unknown post-

translation modifications (PTMs) and single nucleotide variants (SAVs).  The Open Modification Search 

algorithms (OMS) use fast calculation methods to identify proteins without holding the mass precursor. 

Also, the expected mass changes do not need to be declared in advance. In this approach, the first step is 

to identify all peptides, then the second step is to interpret the mass delta between the precursor ion and 

the theoretical peptide in terms of PTM or SAV.  In this work, we used the OMS algorithm called 

SpecOMS with the aim to evaluate its performance for SAVs identification.  We compare our results with 

those obtained from X!Tandem, which uses a classic approach to identify peptides. A gold standard 

dataset was used: four corn lineages (Zea mays - B73, F2, EA1192, and MBS847), each one already 

sequenced. In order to evaluate the ability of SpecOMS in identifying SAVs, we performed self- and cross-

interrogations over the databases. The false discovery rate (FDR) estimation was implemented to qualify 

the peptide spectrum match (PSM).  Finally, we will present our results in terms of the FDR 

implementation, refinement parameters and the performance of SpecOMS to identify SAVs. 

 

TALK#1.2 

New PTM observations raise questions on protein trafficking in developing wheat embryos 

Ray Bacala1,2, Fu BX1, Perreault H2, Hatcher D1 

1Grain Research Laboratory, Canadian Grain Commission, Winnipeg, Manitoba, Canada 
2Department of Chemistry, University of Manitoba, Winnipeg, Manitoba, Canada 

Gluten is a viscoelastic protein polymer comprised of low- and high-molecular weight glutenins (LMWGs 

and HMWGS) that are covalently linked by disulfide bonds and contain non-covalenty associated gliadins.  

Gluten defines the baking performance, and therefore economic value of a wheat variety.  Although 

protein synthesis and deposition in wheat embryos has been extensively studied, many questions are still 

unanswered. Two protein trafficking mechanisms are unique to developing seeds in grasses; endoplasmic 

reticulum retention (ERr) and the 8-cysteine motif (8CM), each of which produce distinct protein storage 

vesicles (PSV).  While HMWGS move through the ERr pathway, gliadins primarily transit by the 8CM 

pathway and LMWGS appear to use both.  It is unclear how LMWGS and the omega-gliadin subgroup are 

trafficked, as they lack the 8CM motif.  Moreover, protein deposition has been demonstrated for more 

than a week after the endosperm begins to become acellular and Golgi can no longer be observed.  We 

have recently demonstrated the partial loss of a conserved C-terminal tyrosine on LMWGS, a 

modification previously observed on alpha-tubulin in mammals.  Using our proteoform profiling workflow 

we will present an observed truncation of specific HMWGS.  In each case the mass loss equal to the C-

terminal hexapeptide after aspartate suggesting a caspase-like specificity.  The extent of HMWGS 

cleavage ranges from less than 2% to >50% between varieties.  It is clear that protein deposition is 
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complex and still poorly understood in developing wheat seeds.  Understanding key elements of this 

process may provide new insight into breeding superior varieties. 

 

TALK#1.3 

Effects of PFAS on growth, physiology and root proteome of hydroponically grown maize plants 

Leonard Barnabas Ebinezer, Sharma N, Battisti I, Ravazzolo L, Ravi L, Trentin AR, Barion G, Vamerali T, 

Ghisi R, Quaggiotti S, Arrigoni G, Masi A. 

University of Padova, Viale Università, 16, Legnaro, Padova, Italy 

Poly- and perfluorinated alkyl substances (PFASs) are a group of synthetic organofluorine compounds 

that have become a serious global concern in the recent years. Due to their ubiquitous presence and 

long-term-persistence in the environment, there are mounting reports on the accumulation, toxicity and 

effects of PFAS in both humans, and animals, and to a lesser extent in plants. While it is now established 

that plants can accumulate PFAS and hence, are a major dietary source of PFAS for humans and animals, 

there is limited understanding of the effects of PFAS on the physiology of plants at the molecular level.  In 

the present study, we investigate the bioaccumulation and effects of a combination of eleven PFAS on 

the growth and physiology of hydroponically-grown maize plants and their impact of the root proteome 

using a label-free quantitative proteomic approach. We observed a decrease in germination rate with 

increasing PFAS concentration with a maximum reduction at 1000 µg.L-1. Morphologically, a dose-

dependent shortening of PFAS-treated maize roots was evident. Root image analysis indicated that there 

was significant reduction in root projected area, volume, length, and surface area of plants treated with 

PFAS concentration above 10 µg.L-1 (100 and 1000 µg.L-1). A decline in the relative growth rate of plants 

treated with PFAS mix (each at 100 µg.L-1), with a significant reduction at the end of the experimental 

duration (8 days post-treatment, dpt) was evident, together with a significant reduction in fresh weight of 

both leaves and roots. Gas exchange photosynthetic parameters of treated plants were more affected 

than the parameters related to the fluorescence. Concurrent with the existing concept of 

bioaccumulation of PFAS in plants, we found shorter PFAS (C < 8) were detected at a higher 

concentration in the leaves while long-chain PFAS (C ≥ 8) were more retained in the roots. From the root 

proteome analysis, we identified 75 differentially abundant proteins (DAPs) that were responsive to PFAS 

treatment. Gene ontology-based classification of the DAPs indicated that the most impact biological 

processes were cellular metabolic and biosynthetic processes related to organonitrogen, peptide, amide, 

and amino acids. While ion binding, hydrolase activity, and ribosomal constituents were the highly 

represented molecular function categories. We validated the abundance of candidate DAPs using 

quantitative real-time PCR and amino acid and fatty acid profiling, thus confirming the view that PFAS 

indeed affected the plant amino acid and lipid metabolism. 
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INVITED TALK 1 

Application of quantitative proteomics to maintain and improve eating quality of fruit 

Jun Song 

Agriculture and Agri-Food Canada, Kentville Research & Development Centre, Kentville NS, Canada 

Fruit and vegetables contribute significantly to human nutrition, dietary diversity and health. Fruit and 

vegetable industry plays an important role in society, economy, environment and contributes to 

sustainable development in both developing and developed countries. The eating quality of fruit is 

determined by appearance, color, firmness, flavor and nutritional components without physiological 

disorders, which is affected by many pre- and postharvest factors on fruit ripening and senescence. In 

order to maintain and improve fruit eating quality, innovative approaches are required to understand 

fruit ripening and senescence and to control and reduce the loss. The completion of the genome 

sequences for many horticultural plants in recent years has provided genomic and protein sequencing 

information on characterizing genes and proteins controlling production, disease resistance and quality 

of horticultural crops. Quantitative proteomic technology is changing rapidly and revolutionizing as a 

great research platform to address how genetic and environment influence the biological research for 

our understanding and improvement of fruit quality attributes.  

This presentation will focus on our research experiences in applying quantitative proteomic techniques 

employing dimethylation labeling and multiple reaction monitoring (MRM) to identify and quantify the 

proteins changes in association with fruit ripening, quality and development of disorders as well as the 

possible control mechanisms. The advanced high-throughput proteomic technology as part of the ‘omics’ 

approach enables us to simultaneously characterize and quantify a large number of analytical features of 

cellular components from a single biological sample provides new discovery approach to address 

biological problems. Further, the limitation and challenges for application of proteomics technology 

linking with other ‘omics’ approaches on fruit research will also be discussed. 

 

SYMPOSIUM 2: Wednesday March 10th  

PLANT SIGNALS 

PLENARY LECTURE 

Closing the protein gap in plant chronobiology: Advancements using Quantitative Proteomics  

R. Glenn Uhrig 

University of Alberta, Edmonton AB, Canada. 

Plants regulate cellular and physiological processes through a combination of circadian (anticipatory) and 

light‐responsive (reactive) mechanisms in order to adapt to their changing daily environment. To date, 

our systems-level understanding of diel plant cell regulation has largely been derived from a combination 

of genetic and transcriptomic analysis; however, recent advances in quantitative proteomics, and their 

application to diel plant cell regulation, offers an exciting new frontier of discovery to better understand 
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plant chronobiology. In particular, protein post-translational modifications (PTMs), which are central 

regulators of protein activity and function. Through the combined use of quantitative, multi-time point 

proteomics and PTMomics, our lab and others, have begun to define the key intersections between diel 

plant cell signaling events and the corresponding proteins involved in core plant cell processes (e.g. 

metabolism). Furthermore, proteomics has revealed a disconnect between temporal changes in 

transcript and peak protein abundance and PTM changes, which has major implications for both our 

fundamental understanding diel plant cell processes and the development of new agricultural 

biotechnologies. With proteins representing the forefront of plant cell function, our work developing 

quantitative proteomic workflows to maximally resolve the diel proteome and PTMome will be discussed 

along with key results uncovered in this pursuit. 

 

TALK#2.1 

Extracellular vesicles of the apoplast of germinating lupin seeds: proteomic analysis and mechanism of 

release from the cells 

Prinsi B, de Benedetti S, Capraro J, Heinzl G, Magni C and Alessio Scarafoni 

Department of Food, Environmental and Nutritional Sciences, Università degli Studi di Milano, Italy 

Extracellular vesicles (EVs) are formed within the endosomal network and released upon fusion of multi-

vesicular bodies with the plasma membrane into the surrounding environment. EVs play an important 

role in intercellular communication by transporting proteins, nucleic acids and organic compounds. It has 

been shown that during seed germination plant EVs mediate the transport of proteins to the extracellular 

compartment (apoplast) participating in defense responses. Previous preliminary works indicate that, 

after 16 hours from the germination onset, γ-conglutin (γC) is the most represented protein in seed 

apoplast and that it is confined in vesicular material. γC from the leguminous plant Lupinus albus has 

been considered for a long time a storage protein, but recent studies definitely ruled out this function 

evidencing a multifaceted involvement in plant defence mechanisms against pathogens attacks. γC is 

structurally related to GH12 xyloglucan-specific endo-glucanase inhibitor proteins (XEGIPs), but shows its 

inhibitory activity only against fungal GH2 β-mannosidase. Beside its physiological role in plant, γC set off 

a remarkable pharmacological interest, too. It was proved to significantly decrease glycaemia in humans 

and animals when orally administered. The applicative fall backs of these findings are relevant, being γC a 

natural dietary component that could complement pharmacotherapy in the management of diabetes.  In 

developing seeds, γC is deposited inside protein bodies through the secretory pathway. During 

germination, γC is localized in the apoplasts of germinating seeds while the storage vacuoles appeared 

void of the protein. How γ-conglutin reaches the extracellular regions is still matter of debate. The 

present communication describes the first proteomic characterization of the EVs released outside the 

cotyledonary cells of lupin seeds during the very first moments of germination and investigates some 

aspects of their release mechanisms. The results have been obtained by making use of a combination of 

methodologies such as vacuum infiltration, ultracentrifugation fractionation, 1D- and 2D-gel 

electrophoresis, mass spectrometry, and immunoblotting techniques.  The hypothesis that a specific set 
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of seed-stored proteins are released outside the cells through unconventional secretory vesicles-based 

pathways is suggestive.  Taken together, the results here reported contribute to deep new aspects of the 

role of seed-originated proteins, and of the mechanisms of action and secretion of γC. 

 

TALK#2.2 

Glycation of plant proteins in the context of ontogenetic changes and ecological interactions 

Andrej Frolov1,2, Bilova T1,3, Kim A1, Tsarev A1,2, Ihling C4, Shumilina J1,2, Lukasheva E1,2, Matamoros MA5, 

Sinz A4, Zhukov VA6, Wessjohann LA1 

1Department of Bioorganic Chemistry, Leibniz Institute of Plant Biochemistry 
2Department of Biochemistry, St. Petersburg State University 
3Department of Plant Physiology and Biochemistry, St. Petersburg State University 
4Department of Pharmaceutical Chemistry and Bioanalytics, Martin-Luther Universität Halle-Wittenberg 
5Departamento de Nutrición Vegetal, Estación Experimental de Aula Dei, Consejo Superior 11 de    
Investigaciones Científicas (CSIC)  

6The All-Russian Research Institute for Agricultural Microbiology, Department of Biotechnology 
 

Glycation is usually referred to as non-enzymatic post-translational modifications of proteins formed by 

interaction of their amino and guanidine groups with carbonyl compounds - reducing sugars and α-

diacarbonyl products of their oxidative degradation. The chemical processes underlying glycation, and 

generally termed as "Maillard reaction of proteins", are well known in clinic research and food chemistry. 

Indeed, the resulting advanced glycation end products (AGEs) on the one hand, contribute significantly to 

the aging and pathogenesis of disorders such as atherosclerosis, diabetes mellitus, Alzheimer's disease 

and, on the other hand, are formed during thermal processing of foods. In the human body, AGEs have 

pronounced pro-inflammatory and atherogenic effects. Despite the fact that glycation of animal and 

human proteins has been known for almost a century, in plants this process was described only ten years 

ago, when the Tornalley’s group showed an increase in the formation of AGEs in the Arabidopsis light 

stress model. Our work showed that the constitutive level of AGE formation in plants is significantly 

higher than in animal blood and tissues - more than 1000 glycation sites were found in Arabidopsis and 

rapeseed proteins. However, there were significant differences in the mechanisms, patterns and 

intermediates of glycation. Thus, unlike animals, in plants AGEs prevails over products of early glycation, 

and the level of arginine modifications, which are found mainly in regulatory proteins, is higher. This 

observation was in a good agreement with the high contents of reactive oxygen species and highly 

reactive sugars in plant tissues, which (unlike glucose in animals and humans) are the main glycation 

agents in plants. Further, we have shown that the levels of glycation of specific protein sites - so-called 

glycation hot spots selectively increase with the age of plant organs. Remarkably, it affects not only 

leaves, but also such specific structures as legume root nodules. Interestingly, such glycation hotspots 

have been detected in plant proteins exposed to drought and high light stress. It is important to note 

that, to a large extent, such glycation sites were found in regulatory proteins - transcription factors, 

receptors, regulatory enzymes. This suggests the role of glycation in the regulation of plant functions, 
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which certainly opens a new page in plant physiology. This work is supported by the Russian Foundation 

for Basic Research 20-54-00044. 

 

TALK#2.3 

Proteome and phospho proteome studies in heat tolerant and susceptible rice cultivars 

Ramesh Katam1 Alonazy D1, Scott P2, and Reddy Kambham R3  

1Department of Biological Sciences, Florida A&M University, Tallahassee FL, USA 
2Department of Biology, University of Florida Gainesville FL, USA 
3Mississippi State University, Mississippi State MS, USA 

Rice is the third most important agricultural commodity worldwide. Annual increase in the global 

temperature has an adverse effect on crop productivity and nutritional quality. During temperature 

stress, plants undergo various physiological and biochemical changes to adapt to high temperature levels. 

According to the literature, studies on temperature sensitivity in rice are relatively few. The present study 

was aimed to investigate the relative changes in temperature tolerant and susceptible rice cultivars and 

determine the biosynthetic pathways associated with the tolerance mechanism. The specific objectives 

are (i) Identify changes in relative abundance of proteins to heat stress in rice (ii) Determine the proteins 

associated with heat tolerance mechanism and their biosynthetic pathway/s (iii) Identify phosphorylated 

protein modifications in response to heat stress. Heat resistant Cv5 and heat sensitive Cv13 rice cultivars 

were used to investigate changes in proteome and to determine relative abundance of proteins to heat 

stress in rice panicles. Plants were treated with three temperature levels; i) Optimum control 28/20°C, 

day/night, ii) Moderate32/24°C, and high 36/28°C. Plant growth and yield-related parameters were 

determined after 137 days sowing untill harvest. Proteins were extracted from frozen panicle tissue from 

all collected samples in triplicate following phenol extraction method and run in iTRAQ analysis following 

LC-MS/MS mass spectrometry using a hybrid quadrupole-TOF QSTAR Elite MS/MS system and TripleTOF™ 

5600. A total of 779 proteins were identified, and 477 and 471 proteins were differentially expressed in 

Cv5 and Cv13 in comparison to control. Twenty-seven proteins were found to be phosphoproteins. Gene 

ontology enrichment analysis with agriGO database indicated functional distribution of proteins. Unique 

and differential proteins after each comparison were further analysis to provide information about 

protein changes and their potential functions that play in response to heat stress. Proteins were 

identified using proteome discoverer software. The study show that cultivar 5 contains significant 

amount proteins that are associated with defense responses and environmental stresses. The proteins 

that over abundant in Cv5(temperature tolerant) but not in CV13; B1NEV9, Q0IQF7, B7E914, Q84NX8, 

A0A0P0VPT6, Q6AVU9 and Q0DGT3 which they have different functions such as response to abiotic 

stimulus, photosynthesis and catabolic process. Overall, this study will contribute to the improvement of 

our understanding of Proteome and Phosphoproteome; also assist in the selection and breeding 

programs geared towards crop improvement and optimizing crop performance under high temperature 

conditions. 
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INVITED TALK 2 

A plant core stress responsive proteome (CSRP) network is involved in moderate drought stress 

regulation  

Stefanie Wienkoop 

University of Vienna, Vienna Austria. 

During moderate drought stress, plants can adjust by changes in the protein profiles of the different 

organs.  Plants transport and modulate extracellular stimuli local and systemically trough commonly 

induced inter- and intracellular reactions. However, most proteins are frequently considered, cell and 

organelle specific. Hence, while signalling molecules and peptides can travel systemically throughout the 

whole plant, it is not clear, whether protein isoforms may travel across organs, and what function those 

may have during drought regulation. By applying shotgun proteomics, we extracted a core proteome of 

92 identical protein isoforms, shared ubiquitously amongst several Medicago truncatula tissues, including 

roots, phloem sap, petioles and leaves. We investigated their relative distribution across the different 

tissues and their response to moderate drought stress. In addition, we functionally compared this plant 

core stress responsive proteome with the organ-specific proteomes. Our study revealed plant ubiquitous 

protein isoforms, mainly related to redox homeostasis and signalling and involved in protein interaction 

networks across the whole plant. Furthermore, about 90% of these identified core protein isoforms were 

significantly involved in drought stress response, indicating a crucial role of the Core Stress Responsive 

Proteome (CSRP) in the plant organ cross-communication, important for a long-distance stress-

responsive network. Besides, the data allowed for a comprehensive characterization of the phloem 

proteome, revealing new insights into its function. For instance, CSRP protein levels involved in stress and 

redox are relatively more abundant in the phloem compared to the other tissues already under control 

conditions. This suggests a major role of the phloem in stress protection and antioxidant activity enabling 

the plants metabolic maintenance and rapid response upon moderate stress. We anticipate our study to 

be a starting point for future investigations of the role of the core plant proteome. Under an evolutionary 

perspective, CSRP would enable communication of different cells with each other and the environment 

being crucial for coordinated stress response of multicellular organisms. 
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SYMPOSIUM 3: Thursday March 11th  

PLANT INTERACTIONS 

 

PLEANRY LECTURE 

Identification of Effectors From the Phytopathogen Fusarium graminearum using BioID 

Gopal Subramaniam 

Agriculture and Agrifood Canada, Ottawa ON, Canada 

Fusarium graminearum is a fungal pathogen that causes Fusarium head blight (FHB) in cereal crops.  

Identifying proteins that are secreted from pathogens to overcome plant defenses and cause disease, 

collectively known as effectors can reveal new targets for fungicides or other control measures. 

Proximity-dependent biotin identification (BioID) was used to identify potential effector proteins 

secreted in planta by F. graminearum during the infection of Arabidopsis seedlings.  BioID analysis 

revealed over 300 proteins from F. graminearum; 99 were considered to be candidate effector proteins 

(CEPs).  A subset of CEPs were functionally characterized in wheat.  Assays examining the ability of a CEP 

to induce cell death or affect the growth of a bacterial pathogen were performed to determine their role 

in plant defenses.  The expression of four CEPs in wheat were found to alter bacterial growth, supporting 

their putative role as effector proteins promoting infection by F. graminearum. 

 

TALK#3.1 

Proteomics to decode the relationship between plant and fungal pathogen on a systems level 

Boyan Liu, Buchanan R, Johal D, Stevens-Green R, Yeung J, Serajazari M, Shapiro R, Geddes-McAlister J.   

University of Guelph, Dept. Plant Physiology and Biochemistry, 50 Stone Rd. E., Guelph ON, Canada 

Fungal pathogens are critically important threats to global health, the economy, and food security. For 

example, Fusarium head blight leads to millions of dollars in losses every year due to poor yield and 

reduced crop quality on a global scale. In addition, the accumulation of mycotoxins has severe 

consequences for the livestock and poultry industries, and contamination of groundwater can impact 

human health. Current management strategies against fungal infections of cereal crops are relatively 

limited, expensive, and may fail during heterogenous plant growth. Our research program uses state-of-

the-art mass spectrometry-based proteomics to define how a fungal pathogen interacts with its host and 

understand why the host is unable to clear infection. Focusing on the interaction between Fusarium 

graminearum and cereal crops (e.g., wheat and barley), we exploit our extensive quantitative proteomics 

datasets to uncover the relationship between host and pathogen at the protein level to assess options for 

reducing fungal virulence and combatting infection. We will provide new insights into how fungi cause 

disease and the mechanisms used to evade the plant defense response. We also aim to identify new 

strategies to perturb the interaction between pathogen and host to reduce our reliance on current 
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fungicides. In addition, we explore opportunities to enhance fungicide efficacy and reduce costs to the 

growers. This information will support the reduction of selective pressure against antifungal-resistant 

strains and provide new tools to oppose emerging resistant pathogens.  

 

TALK#3.2 

Modulation of apoplast proteome by downy mildew in susceptible and tolerant grapevine cultivars 

Joana Figueiredo 1,2,3, Cavaco AR1, Guerra-Guimarães L4,5, Leclercq CC6, Santos RB1, do Céu Silva M4,5, 

Renaut J6, Sousa Silva M2,3, Figueiredo A1 

1Biosystems & Integrative Sciences Institute (BioISI), University of Lisboa, Portugal 
2Laboratório de FTICR e Espectrometria de Massa Estrutural, Universidade de Lisboa, Portugal 
3Departamento de Química e Bioquímica, Faculdade de Ciências da Universidade de Lisboa, Portugal 
4Centro de Investigação das Ferrugens do Cafeeiro, Universidade de Lisboa, Portugal 
5Instituto Superior de Agronomia, Universidade de Lisboa, Portugal 
6Luxembourg Institute of Science and Technology, Luxembourg 

Grapevine (Vitis vinifera L.) is among the most important fruit crops worldwide, with an enormous 

economic impact due to its final products. Downy mildew, caused by the obligate biotrophic oomycete 

Plasmopara viticola, is one of the most destructive grapevine diseases. Plant apoplast is the cellular 

compartment external to the plasma membrane including the cell wall and the free space between cells. 

It is where the first reactions take place between plant and pathogen molecules and, in case of 

oomycetes, is where the first pathogenic structures develop. However, plant apoplast is particularly 

demanding to analyse. Despite our knowledge on its involvement on several biological processes, its 

composition and dynamics is still poorly known. In a first approach to characterize the grapevine 

apoplast, we have optimized a vacuum-infiltration-centrifugation method that allows a simultaneous 

extraction of apoplastic proteins and metabolites. This methodology was applied to study two grapevine 

cultivars, V. vinifera cv. ‘Trincadeira’ (highly susceptible) and ‘Regent’ (tolerant) during a time course of 

infection with P. viticola. Apoplast samples (mock and inoculated) were collected at 6h, 24h, 48h, 72h 

and 96h after inoculation for proteomic analysis. The same time-points were used to evaluate the 

pathogen growth and plant responses by light and epifluorescence microscopy. The nanoLC-MS/MS 

analysis followed by homology search in NCBIprot Vitis vinifera database allowed the identification of a 

total of 1547 proteins. A principal component analysis was performed and revealed a good separation 

between grapevine cultivars and between mock and inoculated samples, for each time-point. Further 

functional annotation is being conducted in order to determine which biological processes/molecular 

functions are modulated along the infection process. This study will allow a deeper understanding of the 

apoplast dynamics and grapevine defences to P. viticola.  

Portuguese Foundation for Science and Technology (FCT, Portugal) funded fellowships and contracts to 

AF, MSS, ARC and JF: IF/00819/2015, CEECIND/02246/2017, SFRH/BD/131030/2017, FRH/BD/137066/ 

2018, respectively. FCT funded the Research Units and project: BioISI (UIDB/04046/2020 and 

UIDP/04046/2020), LEAF (UID/AGR/04129/2019), and the project PTDC/BIA-BQM/28539/2017. 
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Talk#3.3 

Investigating the barley powdery mildew extra-haustorial proteome during infection by the biotrophic 

fungus Blumeria graminis to identify and validate host proteins required for susceptibility. 

  

Laurence Bindschedler, Sebastien Lambertucci 

Royal Holloway University of London (RHUL), Department of Biology, Egham, UK  

Powdery mildews are biotrophic fungal diseases affecting many crops, such as cereals, infected by 

Blumeria graminis. These obligate pathogens form haustorial structures in the colonised leaf epidermis, 

to take up nutrients, deliver effectors and compromise immunity, therefore haustoria are at the centre of 

the biotrophic interaction. Haustoria are composed of a fungal core surrounded by an extra-haustorial 

complex, of which the extrahaustorial membrane is of plant origin. The extra-haustorial membrane is in 

continuum of the host plasma membrane, but with different properties, some of which may explain host 

susceptibility.  In the present study, proteomes of infected and non-infected epidermis, were compared 

to proteomes of enriched haustoria preparations. Proteins more abundant in infected epidermis included 

peroxidases, chitinases, cysteine-rich venom secreted proteins/PR1 and thaumatin-like PR5. In haustoria-

enriched samples, haustoria-associated proteins included several V-type ATP synthase/ATPase subunits, 

suggesting the generation of proton gradients in the extrahaustorial space, PIP2;3 aquaporin, an early 

nodulin-like protein 9, several proteases, a lipase, and a lipid transfer protein, the ER BIP-like HSP70, as 

potential modulators of immunity, or targets of pathogen effectors.  Using a gene silencing approach, the 

PIP2;3 aquaporin, the early nodulin-like protein 9,  and the Thaumatin like protein TLP5 were validated as 

required factors for full susceptibility of barley to powdery mildew.  TLP5 was previously shown to 

interact with the Blumeria effector BEC1054 (CSEP0064). This initial investigation exploring the barley 

proteomes of Blumeria-infected tissues and haustoria, associated with a transient gene silencing 

approach, is invaluable to gain first insight of key players of resistance and susceptibility.  

 

INVITED TALK 3 

Proteo-metabolomic study of olive (cv. ‘Chondrolia Chalkidikis’) drupe development and maturation  

Karagiannis E, Michailidis M, Skodra C, Stamatakis G, Dasenaki M, Samiotaki M, Ganopoulos I, Molassiotis 

A, Thomaidis NS, Georgia Tanou 

University of Thessaloniki, Greece 

Olive (Olea europaea L.) is one of the most economically relevant tree crops in the Mediterranean basin. 

In this study, a comparative proteomic along with metabolomic-wide investigation was carried out on 

drupes of Greek olive cultivar ‘Chondrolia Chalkidikis’; collected across six developmental stages, namely 

seed development (S1, S2), mesocarp development (S3, S4, S5) and full maturation (S6). These stages 

were first characterized through the dynamics of fruit weight, dimensions and color parameters. The 

metabolomic analysis quantified 47 primary (e.g. allose, galactose, sorbitol) and 21 secondary (e.g. 

oleacin, rutin, hydroxytyrosol) metabolites in mesocarp samples during development. Moreover the 

proteomic investigation identified 3258 proteins from which the 350 were differentially accumulated 

between the final maturation stages (S5 versus S6). Based on their biological processes proteins mainly 
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involved in oxidation-reduction process (i.e. LOX1/5), photosynthesis (i.e. chlorophyll a-b binding 

proteins) and carbohydrate metabolism (i.e. XYL1, PG). This investigation provides a reference framework 

for further nutritional and breeding studies, also allowing cross comparison among other olive cultivars. 
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POSTER SESSIONS 

 

POSTER SESSION 1 

PLANT DEVELOPMENT AND CROP IMPROVEMENT 

 

POSTER#1.1 

Looking forward to Cajanus cajan Proteome Atlas 

Sufia Farhat, Mahajan A, Rai V 

Lab 53, Rice Genome Lab, ICAR-NIPB, LBS building, PUSA Campus, New Delhi, India 

Cajanus cajan (pigeonpea) is an economically important grain legume belonging to family Fabaceae. To 

answer the complex biological question of how many genes actually live to see themselves forming 

proteins. And further to understand the relationship between the genomic information and the 

phenotype- which is complex trait resulting from various physiological, biochemical and metabolic 

processes, we present the reproductive stage proteome of Cajanus cajan. It encompasses the changes 

and the dynamics of proteome from floral bud stage to complete seed formation. We have employed a 

high throughput label free LC-MS (orbitrap) technique to analyse our samples. The raw data files 

generated from the experiment were subjected to Max-Quant label free analysis. The resulting analysis 

was obtained in the form of protein groups with various intensities and LFQ intensities across various 

tissues. Downstream analysis reveals various stage specific proteins in the reproductive proteome of 

pigeonpea. This study will be further used to explore the function of single proteins or/and entire 

pathways across various omics levels. 

 

POSTER#1.2 

Unbiased RNA and protein co-expression networks identify key genes predictive of hybrid vigor in 

maize   

Hua Bridget Bai, Birdseye D, Shen Z, Briggs S. 

University of California San Diego, La Jolla CA, USA 

Heterosis, or hybrid vigor, is the difference in vigor between a hybrid and the average of its parents. 

Hybrids can out-perform their parents in terms of size, vigor, yield, abiotic and biotic stress resistance, 

and reproductive advantage. The magnitude of increased vigor caused by hybridity is so great that crop 

and livestock species have been bred as hybrids for decades, despite the greater time and cost required 

for a hybrid breeding program. However, the underlying molecular mechanism of heterosis is still not 

fully understood, and the ability to predict the extent of hybrid vigor in a given cross will have a great 

impact in agriculture. Recent work from our lab revealed that the abundance of plastid protein 

complexes is elevated in hybrids relative to mid-parent levels, which may account for the greater 
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photosynthetic capacity of hybrids. Yet we were unable to distinguish hybrids of greater vigor from those 

of lower vigor using the expression heterosis (hybrid/mid-parent expression ratio) of the genes that 

encode for plastid protein complexes, which suggests there are other genes and pathways that are 

necessary for heterosis. Using Weighted Gene Co-expression Network Analysis (WGCNA), we constructed 

unbiased co-expression networks from transcriptomics and proteomics data of 15 maize hybrids. Both 

the RNA and protein networks reveal a set of hub genes that are highly correlated with a key heterotic 

trait, plant height heterosis (hybrid/mid-parent plant height ratio) and can readily be used to predict the 

level of vigor in hybrids. Discovery of these hub genes reveals key pathways involved in regulating hybrid 

vigor and provides high quality targets for future genetic experiments. 

 

POSTER#1.3 

Label-Free Quantitative Phosphoproteomics Reveals Signaling Dynamics Involved in Embryogenic 

Competence Acquisition in Sugarcane 

Almeida FA1,2, Passamani LZ1,2, Santa-Catarina C3, Mooney BP4, Thelen JJ4 and Vanildo Silveira1,2 

1Laboratório de Biotecnologia, Centro de Biociências e Biotecnologia (CBB), Universidade Estadual do 
Norte Fluminense Darcy Ribeiro, Rio de Janeiro, Brazil 

2Unidade de Biologia Integrativa, Setor de Genômica e Proteômica, UENF, RJ, 28013-602, Brazil 
3Laboratório de Biologia Celular e Tecidual, CBB-UENF, Campos dos Goytacazes, RJ, Brazil 
4Department of Biochemistry, University of Missouri, Columbia MO, USA 

In this study, a label-free quantitative phosphoproteomic analysis was performed to identify and quantify 

signaling events related to the acquisition of embryogenic competence in sugarcane. Embryogenic and 

nonembryogenic calli were compared at the multiplication phase, resulting in the identification of 163 

phosphoproteins unique to embryogenic calli, 9 unique to nonembryogenic calli, and 51 upregulated and 

40 downregulated in embryogenic calli compared to nonembryogenic calli. Data are available via 

ProteomeXchange with identifier PXD018054. Motif-x analysis revealed the enrichment of [xxxpSPxxx], 

[RxxpSxxx], and [xxxpSDxxx] motifs, which are predicted phosphorylation sites for several kinases related 

to stress responses. The embryogenic-related phosphoproteins (those unique and upregulated in 

embryogenic calli) identified in the present study are related to abscisic acid-induced signaling and abiotic 

stress response; they include OSK3, ABF1, LEAs, and RD29Bs. On the other hand, the nonembryogenic-

related phosphoproteins EDR1 and PP2Ac-2 are negative regulators of abscisic acid signaling, suggesting a 

relationship between phosphoproteins involved in the abscisic acid and stress responses in the 

acquisition of embryogenic competence. Moreover, embryogenic-related phosphoproteins associated 

with epigenetic modifications, such as HDA6, HDA19, and TOPLESS, and with RNA metabolism, including 

AGO1, DEAH5, SCL30, UB2C, and SR45, were identified to play potential roles in embryogenic 

competence. These results reveal novel phosphorylation sites for several proteins and identify potential 

candidate biomarkers for the acquisition of embryogenic competence in sugarcane. 
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POSTER#1.4 

Multi-omic analysis of 2 maize near- isogenic lines for cold tolerance QTLs 

Maxence James, Rau A, Lucau A, Saliou J-M, Gakiere B, Mauve C, Gilard F, Soubigou-Taconnat L, Launay-

Avon A, Giauffret C and Goulas E. 

Université de Lille-Sciences et Technologies , UMR CNRS-Lille 8576 UGSF, Villeneuve d’Ascq, France 

The AMAIZING Biotechnology and Bioressources investment project was designed to i) support the 

competitiveness of the French corn breeding sector and ii) meet society's demands in terms of 

sustainability and quality. It brings together more than twenty public research units from INRAE sites 

across France, private companies, cooperatives and technical institutes. The AMAIZING project combines 

genetic, genomic and ecophysiological analyses with high throughput phenotyping and genotyping to 

carry out genomic predictions and association studies, in order to identify polymorphisms responsible for 

characteristics of agronomic interest such as yield, quality and tolerance to soil, abiotic stress. Within this 

project, we conducted an in-depth study of the genetic and physiological bases of cold tolerance in two 

near isogenic maize lines via phenotyping at plant and cellular scales. We subjected to low temperature 

(14/10°C) for 20 days a pair of lines targeting a major quantitative trait loci and further analyzed them 

with a trio of -omics assays (Illumina NexSeq500 for RNAseq; GC-MS for proteo- and metabolomics). By 

using a stringent statistical workflow combining exploratory and multivariate analyses (PCA, PLsDA, 

OPLsDA etc.), we were able to highlight differentially expressed genes, proteins and metabolites 

according to treatment-specific, genotype-specific or interaction (genotype x treatment) effects. 

Differentially expressed genes present in the divergent chromosomal region were validated by qRT-PCR. 

Results will be discussed in the perspective of the interconnection of newly identified key players in 

maize cold tolerance. 

 

POSTER#1.5 

Label-free quantitative proteomic analysis of commercial soymilks 

Leonard Barnabas Ebinezer¹, Lomolino G, Masi A1, Arrigoni G2 

¹Dept. Agronomy, Animals, Food, Natural Resources & Environment, University of Padova, Padova, Italy 
2University of Padova, Department of Biomedical Sciences, Padova, Italy 

The consumption of soymilk is increasing worldwide for its nutritional value and health benefits, 

however, its protein composition after commercialization is not well known. Technological and thermal 

treatments to which soymilk is subjected could affect the protein composition of the commercial 

products. In this study we compared the protein profile of 15 different commercial soymilks using a label-

free quantitative proteomics approach. Surprisingly, only the 12% of identified proteins (n=23) account 

for 90% of total protein mass. Proteins related to nutrient reservoir activity, endopeptidase inhibitor 

activity, lipid binding, and seed maturation contribute the most in terms of percentage mass. Their 

associated Gene Ontology terms are also enriched. Despite the diversity of soymilk samples, they 

clustered into three distinct groups based on their protein composition and abundance, with glycinins 
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and beta-conglycinins being the most influential for determining the clustering. Amino acid composition 

estimated from the proteomics data also reflects the clustering of samples. Twenty allergenic proteins 

varying in abundance were identified, with Gly m 5 and Gly m 6 being the predominantly abundant 

allergens. 

 

POSTER#1.6 

Proteomic and peptidomic tools to analyze in vitro gastrointestinal digestibility of bread wheat 

Emmanuelle Bancel, Sayd T, Denis S, Chambon C, Perrochon S, Brossard C, Larré C, Lavoignat M,  Denery 

S, Hébraud M and Ravel C. 

INRAE UCA, UMR 1095 GDEC, Clermont-Ferrand, France 

Wheat grain storage proteins consist of gliadins and glutenins, which are rich in glutamine and proline. 

These storage proteins form the gluten, a network with remarkable cohesiveness and viscoelasticity 

properties. High molecular weight glutenins are able to form very large macropolymers driving dough 

elasticity and tenacity, while gliadins contribute to its viscous properties responsible for the dough 

extensibility. Therefore, they are key determinants of the wheat end-use quality. Resistance of gluten to 

gastrointestinal digestion is involved in adverse reactions to wheat. Indeed, several peptides produced by 

the incomplete digestion can trigger, in predisposed individuals, an immune response responsible for 

celiac disease. It could also be involved in other adverse reactions including IgE-mediated allergies and 

non-celiac gluten sensibility. This resistance to digestion could be modulated by the wheat cultivars (and 

their own storage protein content/composition/physicochemical properties, quantity and 

physicochemical properties of starch) and the baking process. In this context, this study aims at 

developing an approach to highlight the links between wheat cultivars and the digestibility of gluten 

proteins in bread.  To address this question, a set of sixteen cultivars illustrating the bread wheat 

(Triticum aestivum) diversity, including old and modern cultivars, was selected for baking. A TNO Gastro-

Intestinal Model system was used to digest the breads prepared with the flour from single cultivar. The 

peptide pools from gastrointestinal digestion were characterized by nano-LC coupled to high resolution 

tandem mass spectrometry and proteins were identified and quantified. In addition, the digestibility of 

proteins was also evaluated by dot blot approach and immunochemistry using gluten-specific antibodies. 

In the gastric compartment, after a 2-hours digestion, 473 unique peptides originating from 106 proteins 

were evidenced. Gluten proteins were identified as well as some -amylase inhibitors or serpins proteins. 

First results showed differential patterns of digestibility of these proteins according to the cultivars. Such 

quantitative and qualitative differences between cultivars could help in the choice of varieties with an 

improved digestibility. 
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POSTER#1.7 

The secretome of Pinus nigra Arn. embryogenic cell suspension culture 

Miroslav Perniš1, Salaj T1, Danchenko M1, Kováč A2, Klubicová K1 

1Institute of Plant Genetics and Biotechnology, Plant Science and Biodiversity Center, Akademická 2, P.O. 
Box 39A, 95007 Nitra, Slovakia 

2Institute of Neuroimmunology, Dúbravská cesta 9, 845 10 Bratislava 45, Slovakia 

Conifers, growing in all climate zones and dominating large forest ecosystems in Northern Hemisphere, 

are of great ecological and economic importance. In times of increased deforestation pressure, conifer 

somatic embryogenesis (SE) is of special interest as a potential system for mass propagation. Therefore, it 

is essential to understand the regulatory mechanisms of embryogenesis in various conifer species. We 

analysed the secretome of four embryogenic cell lines of black pine (Pinus nigra Arn.). Firstly, proteins 

were extracted from the media of suspension cultures. Consequently, they were separated and identified 

by geLC workflow (denaturing gel electrophoresis followed by liquid chromatography and ion mobility-

enhanced tandem mass spectrometry). Of all 212 identified extracellular proteins, 131 were predicted to 

contain a signal peptide by TargetP-2.0 and SignalP-5.0 servers. The other 81 proteins are likely secreted 

by a non-classical secretory pathway. Using the Gene Ontology classification system, we sorted the 

identified proteins into overall 30 biological processes. The majority of them (130) are involved in the 

metabolism of various compounds. Other notable categories included: Carbohydrate metabolic process 

with 61 proteins, catabolic process (37), response to stress (26), protein metabolic process (18), cellular 

protein modification process (18), cell wall organization (13), reproduction (7) and response to biotic 

stimuli (7).  Our study offers a general view on the secretome of embryogenic cell cultures of black pine 

and provides a basis for more complex comparative studies. 

 

POSTER#1.8 

Morphological, biochemical, and molecular characterization of wild and cultivated amaranth seeds 

Ana Paulina Barba de la Rosa, Herrera-Estrella A, Espitia-Rangel E, Bojórquez-Velázquez E, Velarde-

Salcedo A. 

Instituto Potosino De Investigacion Cientifica y Tecnologica A.C., San Luis Potosi, Mexico 

Amaranth is a plant naturally resistant to several environmental stresses and its seeds are of excellent 

nutritional quality. But the renewed interest in amaranth seeds is due to the presence of encrypted 

peptides with several biological functions.  On the other hand, the interest in new food resources has 

increased and wild relatives of our current crops has gained importance. Amaranthus spp. wild relatives 

have survived climate changes and grow under harsh conditions; however, no studies about molecular 

characteristics of their seeds are known. The aim of this work was to carry out the morphological, 

biochemical, and molecular comparison of cultivated species A. hypochondriacus (waxy and non-waxy 

cultivars) and A. cruentus with the wild species A. powellii and A. hybridus. In vitro gastrointestinal 

digestion was used to release the encrypted peptides and evaluate their inhibitory action against DPPIV 

and ACE activities. Seed proteomes were characterized by 1-DE and 2-DE followed by nano-liquid 
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chromatography coupled to tandem mass spectrometry (nLC-MS/MS). The highest protein and fat 

contents were observed in A. powellii, but A. cruentus showed the highest squalene content. Peptides 

from A. hypochondriacus cv waxy showed the highest inhibition against both DPPIV and ACE activities. 

Late embryogenesis abundant proteins were detected as species-specific. Oleosins and oil bodies 

associated proteins were observed preferentially in A. cruentus. Different isoforms of the granule-bound 

starch synthase I, and several paralogs of 7S and 11S globulins were also identified. The in silico structural 

analysis from different isoforms of 11S globulins was carried out, including new types of 11S globulin not 

reported so far. Present results provide novel information about 11S globulins and proteins related in 

seed protection, which could play important roles in the adaptive tolerance to stress in amaranth species. 

This information also is valuable for design strategies to obtain new amaranth varieties with higher 

nutraceutical quality. 

 

POSTER#1.9 

Amaranth calcium oxalate crystals as possible carbon pools 

Ivan T. Cerritos-Castro, Patrón-Soberano A, Bojórquez-Velázquez E, Vargas-Ortiz E, Barba de la Rosa, AP. 

Instituto Potosino de Investigación Científica y Tecnologica, San Luis Potosi, Mexico 

Some plants accumulate crystals in various organs and tissues from which calcium oxalate (CaOx) is the 

most frequent component of these crystals. CaOx crystals formed by plants have semi-geometric shapes 

with sharp edges, while synthetic CaOx is amorphous. Due to the sharp edges, it has been demonstrated 

that these crystals can serve as protection against herbivores damaging their mandible.  There exist other 

proposed functions, such as heavy metal detoxification, hardening of tissues, light collection, and 

reflection; however, they are poorly known. The most recurrent and logical proposed function is calcium 

and oxalic acid homeostasis, but it has been demonstrated that removing the ability to form CaOx 

crystals in the natural crystal form in Medicago truncatula did not have a deleterious effect on plant 

growth. On the other hand, it has been proposed that oxalate from crystals may be a carbon pool in 

stress conditions, where stomata are closed, but no evidence supports this idea. Thus, the knowledge 

about CaOx crystals has several gaps despite their possible great importance for plant metabolism. 

Amaranthus cruentus is a plant that accumulates CaOx crystals and has an excellent ability to tolerate 

drought and saline stress without a significant dry mass loss, so CaOx may serve as a carbon pool in stress 

conditions. These CaOx would be degraded to CO2, and the CO2 be re-fixed by RuBisCO, as it occurs in the 

glycolate pathway in the bundle sheath cells during photorespiration. To prove this hypothesis, we have 

isolated the CaOx crystal-associated proteins from Amaranthus cruentus L. cv Amaranteca leaves, and 

analyzed them by SDS page and LC-MS/MS analysis. Several photosynthetic proteins were identified 

suggesting the participation of CaOx crystals in carbon fluxes. To obtain more insights in this hypothesis, 

the histological distribution of CaOx crystals and RuBisCO Large Subunit (RbcL) was characterized by light 

and TEM microscopy as well as with immunohistochemistry analysis in leaves of plants grown under 

control and salt stressed conditions. It was found that in a control leaf plants, RbcL was highly 

concentrated in the bundle sheath cells and lower amounts were detected in the mesophyll cells, as 

expected for a C4 plant. Besides, a little accumulation of RbcL associated with CaOx crystals was 

observed.  A similar accumulation pattern was observed in photosynthetic cells of salt-stressed plant but 

an increase in the RbcL concentration around CaOx crystals. Simultaneously, a remarkable decrease of 
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oxalate content was observed in the stressed plant vs control plant. These results reinforce the 

hypothesis that oxalate from CaOx may serve as carbon pools during plant stress conditions. 

 

POSTER#1.10 

The Marchantia polymorpha cell wall proteome: to what extent is it conserved compared to that of 

higher plants? 

Hasan Kolkas, Chourré J, Balliau T, Zivy M, Jamet E. 

Pôle de Biotechnologie Végétale, 24 chemin de Borde Rouge, Auzeville-Tolosane, France 

Plant cell walls are natural composite structures, mainly composed of polysaccharides including cellulose, 

hemicelluloses and pectins and a large set of proteins [1]. Cell wall proteins (CWPs), are implicated in 

different biological role including wall architecture, signaling, defense and interactions with the plasma 

membrane proteins. Plant cell wall proteomics has revealed their heterogeneity in cell walls [2 , 3]. Many 

plants cell wall proteomes are unavailable because they have not been studied and characterized. Of 

these is that of Marchantia polymorpha, which is considered as one of the earliest divergent organisms in 

the green lineage. During my thesis, we aimed at the identification of the secreted cell wall proteins of M. 

polymorpha. Proteins were extracted from purified cell walls of 5 week-old M. polymorpha through two 

step-fractionation procedure using 5 mM sodium acetate buffer at pH 4.8 with 0.2 M CaCl2 and 0.2 M 

LiCl, successively [4]. LC-MS/MS analysis and bioinformatics allowed the identification of proteins: 283 

CWPs with predicted signal peptide were identified out of 638 proteins. We were able to distribute the 

CWPs into 9 functional classes including: proteins acting on polysaccharides (PAC), oxido-reductases (OR), 

proteases, proteins having interacting domains with polysaccharides, lipid metabolism, signaling, 

structural proteins, unknown function and miscellaneous class. CWPs were mostly classified under three 

major classes miscellaneous (around 23%), PAC (around 20%) and OR (around 15%). Interestingly, the 

obtained results spot the light on the importance of cell wall proteins to reveal the cell wall composition, 

where an obvious link was established between the identified cell wall proteins and cell wall constituents 

in terms of polysaccharides, phenolics and lipids.   

1. Carpita et al. 1993, Structural models of primary cell walls in flowering plants: consistency of molecular structure with the 

physical properties of the walls during growth, The Plant Journal, 3:1-30  

2. Jamet et al. 2008, Recent advances in plant cell wall proteomics, Proteomics, 8: 893  

3. Albenne et al. 2013, Plant cell wall proteomics: the leadership of Arabidopsis thaliana, Frontiers in Plant Science, 4: 111 

4. Feiz et al. 2006, Evaluation of cell wall preparation for proteomics: a new procedure for purifying cell walls from Arabidopsis 

hypocotyls, Plant Methods, 2:10 
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Poster#1.11 

A core plant cell wall proteome could contribute to the maintenance of the basic cell wall functions 

 

San Clemente H, Kolkas H, Elisabeth Jamet 

Pôle de Biotechnologie végétale, 24 chemin de Borde Rouge, Auzeville-Tolosane, France 

Cell wall proteins (CWPs) are minor components of plant cell walls, representing 5-10% of its mass, 

compared to polysaccharides (90-95%). However, they play critical roles during plant development and in 

response to biotic and abiotic stresses. Proteomics has revealed the great diversity of CWPs [1,2]. The 

best described cell wall proteome is that of Arabidopsis thaliana since it covers the main plant organs 

(roots, stems, leaves, inflorescences and seeds) as well as cell suspension cultures [2]. About half of the 

CWPs predicted form the genome sequence have been identified so far in at least one organ. Other cell 

wall proteomes are available. Among them are those of (i) Populus sp., Solanum tuberosum, S. 

lycopersicum, Medicago sativa and Linum usitatissimum as dicots, (ii) Brachypodium distachyon, Oryza 

sativa, Saccharum officinarum as monocots, and Marchantia polymorpha as a Bryophyte [3 and H Kolkas, 

unpublished work]. Although these proteomes have been established following diverse protocols, it is 

possible to combine the results to search for the presence of similar protein families. A few families have 

thus been identified in all of them, thus allowing to define a core cell wall proteome which however does 

not pretend to be exhaustive yet. Indeed, all the plants have not been studied in detail and some proteins 

are still recalcitrant to extraction from cell walls (e.g. covalently linked structural proteins) and/or to 

identification by mass spectrometry and bioinformatics (e.g. small size arabinogalactan proteins). Among 

the protein families shared by all the cell wall proteomes described so far, there are (i) proteins acting on 

cell wall polysaccharides (e.g. glycoside hydrolases and pectin methyl esterases), (ii) class III peroxidases, 

(iii) proteases (Asp and Cys proteases), (iv) lipid transfer proteins, (v) fasciclin arabinogalactan proteins, 

(vi) purple acid phosphatases and (vii) thaumatins. In addition, a few protein families are present in at 

least two thirds of the presently described cell wall proteomes, among which two families of proteins of 

unknown function, the DUF642 proteins [4] and the PAC domain proteins [5]. All these CWP families 

could represent a set of house-keeping proteins critical for the maintenance of the basic cell wall 

functions. 

 
1. Jamet et al. (2008) Proteomics 8: 893 

2. Albenne et al. (2013) Front Plant Sci 4: 111  

3. www.polebio.lrsv.ups-tlse.fr/WallProtDB, San Clemente & Jamet (2015) Plant Meth. 11: 2  

4. Vásquez-Lobo et al. (2012) Mol Phylogenet Evol 63: 510  

5. Nguyen-Kim et al. (2020) Int J Mol Sci 21 : 2488 
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POSTER#1.12 

Peroxisomes from sweet pepper (Capsicum annuum L.) fruit: iTRAQ  proteomic analysis during ripening 

Salvador González-Gordo, Palma JM, Corpas FJ.  

Spanish National Research Council, Albareda, GRANADA, Spain 

Peroxisomes are ubiquitous organelles in eukaryotes characterized by an active nitro-oxidative 

metabolism which have relevant metabolic plasticity depending on the organism, tissue, developmental 

stage or physiological/stress/environmental conditions. The knowledge of peroxisomes from fruits is very 

limited. Therefore, using sweet pepper (Capsicum annuum, L.) fruits at two ripening stages (green and 

red), it was analyzed the proteomic peroxisomal composition by quantitative isobaric tags for relative and 

absolute quantitation (iTRAQ)-based protein profiling. For this aim, it was accomplished a comparative 

analysis of the pepper fruit proteome obtained by iTRAQ versus the identified Arabidopsis thaliana 

peroxisomal protein profile. Our analysis allowed identifying a total of 51 peroxisomal proteins from 

pepper fruits, 38 showing recognizable peroxisomal targeting signal (PTS) either type 1 or 2, 8 

peroxisomal membrane proteins (PMPs) and 5 proteins lacking PTS. Additionally, it was possible to 

categorize groups of peroxisomal proteins which were either upregulated, downregulated or unaffected 

during the ripening of pepper fruits. These data provide new insight into the relevance of the peroxisome 

in the process of fruit ripening. Research supported by a European Regional Development Fund 

cofinanced grant from the Ministry of Economy and Competitiveness (PID2019-103924GB-I00), the Plan 

Andaluz de Investigación, Desarrollo e Innovación (PAIDI 2020) (P18-FR-1359) and Junta de Andalucía 

(group BIO192), Spain. 

 

POSTER#1.13 

Mitochondrial protein expression during sweet pepper (Capsicum annuum L.) fruit ripening: iTRAQ-

based proteomic analysis  

Salvador González-Gordo, Corpas FJ, Palma JM. 

Estación Experimental del Zaidín. CSIC.  C/ Profesor Albareda, 1, Granada, Spain 

Fruit ripening is a complex process involving irreversible phenotypic, physiological and biochemical 

changes which are genetically controlled. In this developmental transformation, which involves distinct 

cellular organelles, mitochondria play a crucial role keeping functional the energetic machinery of cells. 

Using sweet pepper (Capsicum annuum, L.) fruits at two ripening stages (immature green and ripe red), 

the mitochondrial protein content by quantitative isobaric tags for relative and absolute quantitation 

(iTRAQ) was analyzed. For this purpose, it was accomplished a comparative analysis of the pepper fruit 

proteome obtained by iTRAQ versus the Arabidopsis thaliana proteins whose mitochondrial subcellular 

localization has been reported in the UniProtKB database at both experimental and computational levels. 

In our analysis, 142 out of 992 mitochondrial proteins found in Arabidopsis were shown to be ortholog 

proteins identified in pepper fruits. Additionally, different protein groups were categorized according to 
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their expression pattern, identifying 70 and 28 mitochondrial proteins that were up- and downregulated 

during ripening, respectively. On the other hand, the Gene Ontology (GO) enrichment analysis revealed 

that approximately one third of the identified proteins were involved in oxidation-reduction processes. 

These data provide new insight into the relevance of mitochondria and the oxidative metabolism in the 

process of fruit ripening. Research supported by a European Regional Development Fund cofinanced 

grant from the Ministry of Economy and Competitiveness (PID2019-103924GB-I00), the Plan Andaluz de 

Investigación, Desarrollo e Innovación-2020 (P18-FR-1359) and Junta de Andalucía (group BIO192), Spain. 

 

 

POSTER SESSION 2 

SIGNALLING 

 

POSTER#2.1 

Identification and characterization of ubiquitination components in cucumber phloem which function 

as long-distance signaling agents in phosphorus homeostasis 

Wendy Lyzenga, Ham BK, Kochian L  

Global Institute for Food Security, University of Saskatchewan, 110 Gymnasium Place, suite 1460 

Saskatoon SK, Canada 

The plant vascular system, composed of xylem and phloem, play a foundational role in plant physiology 

by mediating the long-distance movement of water, nutrients and signaling molecules. The vascular 

system impacts many agronomic properties of crops such as mineral nutrient use, flowering time, plant 

architecture, and carbon allocation which all impact crop yield. Phloem functions in long-distance 

signaling to deliver information molecules, including RNA, peptides, proteins, and hormones, to facilitate 

responses to various developmental changes in the environment including mineral nutrient deprivation. 

Many research arrays have identified potential long-distance mobile signaling molecules in the phloem; 

these characterized systemic signaling factors play an important role in mediating epigenetic, 

transcriptional, post-transcriptional, and post-translational changes which lead to changes in plant 

growth and physiology. Proteomic analysis of phloem exudate from cucumber, pumpkin, and 

watermelon have revealed a wide range of proteins, including the components of the ubiquitin 

proteasome system, present in the phloem sieve tube system. Ubiquitination is a post-translational 

modification and represents a theme in plant signaling responsive to environmental changes. We are 

characterizing the biological role of these ubiquitination components and have identified overlapping 

roles in phosphorus and iron homeostasis. We used tandem ubiquitin binding entities (TUBES) to 

immunoprecipitate cucumber (Cucumis sativus cv. Chinese Long) phloem proteins and then were 

subjected to LC-MS/MS analysis to identify ubiquitinated proteins in phloem exudate in respond to 

imposed phosphate-limited stress. Gene ontology analysis predicted that identified ubiquitinated 
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proteins would be involved in a wide range of biological processes and a number of ubiquitinated phloem 

proteins include their functions in stress and metabolic processes. This analysis provides insights into 

understanding of phosphate-limited stress signaling as molecular determinants and extending our 

knowledge to improve nutrient use efficiency in crop species. 

 

POSTER#2.2 

Proteomics-driven discovery of an ABC transporter b family member (VvABC-B) in elicited grapevine 

cells: functional analysis as a trans-resveratrol transporter 

Ascensión Martínez-Márquez, Martins V, Sellés-Marchart S, Gerós H, Bru-Martínez R. 

University of Alicante, Ctra. San Vicente del Raspeig, Spain 

Vitis vinifera cell cultures respond to pathogens and elicitors by synthesizing and extracellularly 

accumulating stilbenoid phytoalexins. Large amounts of trans-resveratrol (t-R) are produced when a cell 

culture is elicited with methylated cyclodextrins (MBCD), either alone or combined with methyl 

jasmonate (MeJA). t-R transport to the extracellular medium, which represents the apoplastic space, 

would place this antifungal defense right in the battlefield to efficiently fight against pathogen attack. Yet 

despite their physiological relevance, these transport pathways are mostly unknown. Transcriptomic and 

proteomic experiments in elicited Vitis cell cultures, have shown an increase in the expression levels of 

MATE and ABC-type transporters, as well as glutathione-S-transferases [1,2]. A proteomic experiment of 

a time-series of elicited grapevine cell cultures membrane fractions was performed to explore the 

expression profiles of t-R biosynthetic proteins and other co-expressing proteins potentially involved in 

such a cell response. Among the proteins with differential abundance between elicited and non-elicited 

grapevine cell cultures we focused on a protein annotated as ABC-B transporter. The gene was cloned 

and expressed in yeast to perform in vitro transport assays using the microsomal fraction. We found that 

resveratrol transport occurs more intensively in transformed yeast microsomes than in control in an ATP-

dependent manner. These findings are consistent with a functional role in transport of resveratrol in 

grapevine cells. This is the first ABC-type stilbene transporter ever described and functionally 

characterized. 

This work was supported by grants from the Spanish Ministry of Science and Innovation (BIO2014-51861-R and BIO2017-82374-
R). AMM holds a postdoctoral grant from Generalitat Valenciana (APOSTD/2018/A/091)  

1. Almagro L, Carbonell-Bejerano P, Belchí-Navarro S, Bru R, Martínez-Zapater JM, et al. (2014) Dissecting the Transcriptional 
Response to Elicitors in Vitis vinifera Cells. PLoS ONE 9(10): e109777. doi:10.1371/journal.pone.0109777.  

2. Martínez-Márquez A, Martínez-Esteso MJ, Vilella-Antón MT, Sellés-Marchart S, Morante-Carriel JA, Hurtado E, Palazon J, 
Bru-Martínez R. (2017). A tau class glutathione-S-transferase is involved in trans-resveratrol transport out of grapevine cells. 
Frontiers in Plant Science, 8: 1457 
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POSTER#2.3 

Root ubiquitinome under osmotic stress   

Berger N, Demolombe V, Hem S, Rofidal V, Steinmann L, Krouk G, Verdoucq L, Véronique Santoni 

INRAE, Montpellier, France  

Osmotic stress is detrimental for the plant which survival relies heavily on proteomic plasticity. Protein 

ubiquitination is a central post-translational modification in osmotic mediated stress. Plants use the 

ubiquitin proteasome system to modulate protein contents required to respond to and tolerate adverse 

growth conditions and a role for ubiquitin to mediate endocytosis and trafficking of plant plasma 

membrane proteins has recently emerged. In this study, using the K-Ɛ-GG antibody enrichment method 

integrated with high-resolution mass spectrometry, a list of 786 ubiquitinated lysine (K-Ub) residues in 

451 proteins of which 50 % were transmembrane proteins was compiled for Arabidopsis root membrane 

proteins, increasing the database of ubiquitinated substrates in plants. Ubiquitination particularly 

occurred within membrane proteins and the protein machinery involved in their internalization and 

sorting. Despite absence of identification of a strict ubiquitination motif, the presence of acidic residues 

close to K-Ub was evidenced. In silico interactomics analysis allowed to suggest two E2 ligases, UBC32 

and UBC34 to target ubiquitination of membrane proteins. Then , this study revealed that a major plasma 

membrane aquaporin (PIP2;1) harbors two ubiquitination sites that dialog with N-terminal acetylation 

and C-terminal phosphorylation, to putatively limit PIP2;1 degradation and to favor its internalization 

contributing to a decreased root hydraulic conductivity while maintaining its cellular abundance. 

 

 

POSTER SESSION 3 

BIOTIC INTERACTIONS AND STRESS 

POSTER#3.1 

Changes in the proteome of radish (Raphanus sativus L.) in response to Agrobacterium infection  

Nadezhda Frolova1 Gorbach D2, Ihling C3, Afshar SE4, Tsarev A2,4, Lukasheva E2, Sinz A3, Dodueva I5, 

Tkachenko A5, Lutova L5 and Frolov A2,4 

1Department of Plant Physiology and Biochemistry, St. Petersburg State University, St Petersburg Russia 
2Department of Biochemistry, St. Petersburg State University, St Petersburg 199034, Russia 
3Department of Pharmaceutical Chemistry and Bioanalytics, Martin-Luther Universität Halle-Wittenberg 
4Department of Bioorganic Chemistry, Leibniz Institute of Plant Biochemistry, Halle, Germany 
5Department of Genetics and Biotechnology, St. Petersburg State University, St. Petersburg, Russia  

Infection of plant roots with Agrobacterium tumefaciens causes the crown gall disease which is 

manifested with formation of tumors on plant organs. At the molecular level, this pathology is underlied 

by integration of A. tumifaciens T-DNA into the plant genome, followed by expression of the T-DNA 
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oncogenes iaaH, iaaM, and ipt, encoding enzymes of auxin, cytokinin and opine biosynthesis genes. 

Besides, several host genes involved in the metabolism of these hormones and related signaling 

pathways are expressed at high levels in crown galls. During the last decade, this network was 

comprehensively addressed by transcriptomic approaches based on next-generation sequencing 

technologies (NGS, RNA-seq). However, this strategy only gives limited access to the metabolic events 

accompanying the interaction between plants and agrobacteria. Since proteins are the actors of plant 

metabolism and directly involved in the modulation of host-pathogen interactions, transcriptomics data 

need to be complemented by comprehensive proteomics studies. Therefore, the proteins were isolated 

from radish callus tissue on the 10th and 22nd day after inoculation with Agrobacterium tumifaciens or 

bacteria-free medium (controls). After tryptic hydrolysis, the peptide mixtures were analyzed by 

nanoflow liquid chromatography coupled in line to a hybrid mass spectrometer equipped with linear and 

orbital ion traps (LIT-Orbitrap-MS) operated in the data-dependent (DDA) acquisition mode. Based on the 

results of the database search, a total of 1840 non-redundant proteins represented by 5546 polypeptide 

variants (proteins) and 6200 confidently (p ≤ 0.05) identified peptides could be annotated. The infection-

related alterations in protein expression were addressed by label-free relative quantification using 

Progenesis QI software. A total of 37 and 253 proteins were up-regulated in comparison to the controls 

at 10 and 22 days after inoculation, respectively, while 125 and 301 polypeptides showed a decrease in 

protein abundance on the same days. In addition to full-proteome profiling and analysis of differential 

protein expression patterns, several proteins involved in regulation of tumorigenesis were addressed by a 

targeted approach. The study was funded by RSF (project # 16-16-1011). 

 

POSTER#3.2 

Profiling the total and nuclear proteomes of host-pathogen interactions of the wheat Thatcher near-

isogenic line for Lr2a resistance gene with virulent and avirulent races of Puccinia triticina 

Natlaia V. Bykova1, Rampitsch C1, McCallum B1, Bakkeren G2, Wang X1, Huang M1, Fernando U1, 

Radovanovic N1, Rampitsch M1, Linning R2  

1 Agriculture & Agri-Food Canada, Morden Research & Development Centre, Morden MB, Canada 
2 Agriculture & Agri-Food Canada, Summerland RDC, Summerland BC, Canada 

Wheat leaf rust is a foliar disease caused by an obligate parasitic fungus Puccinia triticina (Pt). Many races 

of Pt are classified based on their ability to overcome certain host resistance genes. In this work we 

studied host-pathogen responses of wheat ‘Thatcher’ NIL bearing the Lr2a gene that confers resistance to 

Pt Race 161 (avirulent) but is overcome by Pt Race 9 (virulent) using quantitative proteomic approaches. 

Profiling of the total avirulent or virulent interactomes at day 2 and day 5 post-infection was performed 

using 8-plex iTRAQ, pre-fractionation of peptides by high pH HPLC and LC-MS/MS analysis. Nuclei-

enriched fractions were prepared using iterative differential and Percoll density centrifugations, followed 

by SDS-PAGE pre-fractionation combined with iTRAQ analysis. Nuclei were visualized with DNA-binding 

dyes and fluorescent microscopy imaging. Protein identifications were derived from IWGSC RefSeq and 

ContigEST wheat databases, and race-specific Pt proteogenomic databases, and quantitative analysis was 

performed with Scaffold Q+. All four types of core histones and a linker histone were used as nuclei 
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marker proteins. A subtractive proteomic approach was used for the analysis of total and nuclear 

proteomes from the two organisms. The functional classification of identified proteins was conducted 

using the Mercator functional annotation pipeline and the MapMan BIN ontology. A total of 2976 

proteins in 2155 clusters were identified with high confidence for day 2 post infection experiments. A 

total of 3178 proteins in 2655 clusters were identified with high confidence for day 5 post infection 

experiments. At day 2, only wheat proteins showed significant fold change values while no Pt proteins 

showed statistically significant values. A set of 192 up- and 47 down-regulated wheat proteins were 

responding at day 2 post-infection with 58 and 183 proteins changing in race 161 and race 9 interaction, 

respectively. Another set of 34 up- and 450 down-regulated wheat proteins were responding at day 5 

post-infection with 170 and 314 proteins changing in race 161 and race 9 interaction, respectively. 

Among those, many wheat proteins belong to stress, redox-responding, and pathogenesis-related 

categories. At day 5 post-infection a number of unique fungal Pt high confidence proteins were 

quantified, including 25 and 46 significantly up-regulated for the race 161 and race 9, respectively. For 

the fungal identified proteins significantly enriched functional terms were protein turnover, RNA 

metabolism, stress, amino acid and secondary metabolism, redox response and miscellaneous enzymes. 

 

POSTER#3.3 

Proteomic Analysis of three Coffee Leaf Rust races with different pathogenic behavior 

Tenente R1, Chaves I2,3, Pinheiro C4, Planchon S5, Resende M6, Renaut J5, Ricardo C2, Leonor Guerra-

Guimarães1,7 

1Centro de Investigação das Ferrugens do Cafeeiro, Universidade de Lisboa, Portugal 
2Instituto de Tecnologia Química e Biológica, Universidade NOVA de Lisboa, Portugal 
3Instituto de Biologia Experimental e Tecnológica, Portugal 
4Faculdade de Ciências e Tecnologia, Universidade NOVA de Lisboa, Portugal 
5Luxembourg Institute of Science and Technology, ERIN, Luxembourg 
6Dep. Fitopatologia, Universidade Federal de Lavras - UFLA, Brazil 
7Agriculture and Food, Instituto Superior de Agronomia, Universidade de Lisboa, Portugal 

Coffee is one of the most important beverage crops in the world. The majority of the Arabica coffee 

commercial varieties are highly susceptible to the biotrophic fungus Hemileia vastatrix, the causal agent 

of the coffee leaf rust (CLR). This devastating disease is spread to all coffee growing countries decreasing 

production until 50%, if no chemical control is undertaken. The Coffea sp. - H. vastatrix interactions are 

governed by the gene-for-gene relationship. Coffee resistance is conditioned by nine major dominant 

genes (SH1 - SH9) acting singly or in association, that correlate to the virulence genes (v1-v9) in the 

pathogen. The presence or absence of a single host resistance gene renders a plant to be resistant or 

susceptible to a CLR race bearing the corresponding virulence gene. Physiological races of H. vastatrix 

have been detected using 23 coffee differentials, but the molecular identification and characterization of 

the rust virulence genes have been limited. In order to identify protein factors that may contribute to 

pathogenicity, we compared the proteomes of the urediniospores of three H. vastatrix races with 

different genotypes: rust races II (v5) and XXIV (v2,4,5) to which C. arabica is susceptible and race VI (v?-
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unknown) to which C. arabica is resistant. The proteins extracted from urediniospores were analyzed by 

2-DE/MALDI-TOF/TOF-MS. The 2-DE gels revealed 166 spots that changed in abundance between the rust 

races, and for 90 protein spots a unique and significant identification was obtained. The functional 

categorization based on Blast2GO analysis of the identified/annotated proteins revealed protein folding 

(28%), response to stimulus (26%), translation (16%) and ribonucleoprotein complex biogenesis (10%) as 

the main biological processes discriminating the three rust races. Despite the continuous improvements 

on the discovery of proteins by mass spectrometry-based proteomics, for 45% of the identified proteins 

no function/annotation were assigned. This limitation reinforces the need for improving genome 

coverage, assemblies and annotation in CLR. 

 

POSTER#3.4 

Molecular adjustments in Populus × canescens colonized with the ectomycorrhizal fungus Paxillus 

involutus, which limited plant host growth - a proteomic and metabolomic view 

Agnieszka Szuba, Marczak Ł, Ratajczak I, Kasprowicz-Maluśki A and Mucha J. 

Institute of Dendrology PAS, ul. Parkowa 5, Kórnik, Poland 

Ectomycorrhizae (ECMs) are one of the most important symbiotic association between woody plants and 

soil fungi. ECM is considered highly mutually beneficial symbiosis, but in fact is a highly context-

dependent interactions that are not always beneficial for the plant host. Increasing number of reports 

suggest, that ECM may trigger impaired growth of plants. Still, molecular adjustments in such 

ectomycorrhizal plants remains largely unknown.  Here we present molecular report on vascular plants 

characterized by impaired growth in response to colonization by a ectomycorrhizal fungus. We use 

proteomics, metabolomics, confocal microscopy etc. to reveal molecular status of leaves, stems and 

roots of  Populus × canescens microcuttings colonized with the Paxillus involutus strain and to check 

whether the fungal partner causing decrease in poplar growth and negatively impacting plant nutrient 

status was recognized, at the molecular level, as a symbiotic partner. Data on C- and N- metabolism, 

abundance of primary and secondary metabolites (like phenolic or lipid compounds) were confronted 

with the elemental composition of plant tissue (mainly with C/N ratio), root colonization level and 

biometrical changes in inoculated plants. We present a comprehensive information on the molecular 

status of plants in which growth was impaired by ECM. 

 

POSTER#3.5 

Proteome profile of Endoplasmic Reticulum of Pyrenophora teres f.sp. maculata 

1Aslihan Günel, 1Karakaya A, 1Yalçın T, 2Rampitsch C, 1Ulukapı M, 1Ayse Andac Arzu Celik Oguz 

1Kirsehir Ahi Evran University, Department of Biochemistry, Kirsehir, Turkey 
2Agriculture & Agri-Food Canada, Morden Research & Development Centre, Morden MB, Canada 
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Endoplasmic reticulum is a very important organelle for all eukaryotic organisms, it is involved in many 

cellular processes from protein synthesis, folding and quality control to lipid and sterols biosynthesis. ER 

stress response and forming unfolded protein response against this stress might affect the hyphal 

entrance to host and its growth, proliferation of fungi, protein secretion and severity of infection.  

Pyrenophora teres f.sp. maculata is a hemi biotrophic fungi causing spot form of net blotch disease in 

barley. These fungi have two isoforms, P. teres f.sp. teres and P. teres f.sp. maculata. We can unveil the 

possible molecular events under differentiated pathogenicity between isolates of P. teres f.sp. maculata. 

In this study, endoplasmic reticulum of fungi isolates that have different virulence was purified by sucrose 

gradient centrifugation. After purification ER purity was validated by western blotting and transmission 

electron microscopy analysis. After this verification, protein was extracted from ER samples. ER proteins 

of P. teres f.sp. maculata will be identified by LC-MS/MS and then the results will be further analyzed by 

bioinformatics studies. ER proteomics studies are rare for phytopathogens and furthermore this study is 

the first report of the proteome of P. teres f.sp. maculata. This study is supported by TUBITAK (project 

no: 116z259) 

 

POSTER#3.6 

Grapevine – downy mildew proteomics of the first hours of an incompatible interaction 

Rita B. Santos1, Nascimento R1, Coelho AV2 and Figueiredo A1. 

1Biosystems & Integrative Sciences Institute (BioISI), Faculdade de Ciências, Universidade de Lisboa, 

Campo Grande, 1749-016, Lisboa, Portugal 
2Instituto de Tecnologia Química e Biológica, Universidade Nova de Lisboa, Av. da República, 2780-157 

Oeiras, Portugal. Email address: absantos@fc.ul.pt 

Plants have developed several layers of defense towards pathogen attacks, such as the recognition 

pathogen-associated molecular patterns (PAMPs) that lead to a PAMP- triggered immunity (PTI). When 

pathogens overcome these barriers, by using effector molecules, they are able to suppress plant 

immunity, leading to an effector-triggered susceptibility (ETS). Plants counterattack this by producing 

resistance proteins (R proteins), that recognize specific pathogen effector molecules, starting an effector 

triggered immunity (ETI) and a broader modulation of plant defiance. If ETI is successful, programmed cell 

death and pathogen restrain often occur.  Grapevine is one of the most relevant crops in the world being 

used for economically important products such as wine. Yet, relevant grapevine cultivars are heavily 

affected by diseases such as the downy mildew disease caused by Plasmopara viticola. Improvements on 

grapevine resistance are made mainly by breeding techniques where resistance traits are introgressed 

into cultivars with desired grape characteristics. However, there is still a lack of knowledge on how 

resistant or tolerant cultivars tackle the P. viticola pathogen. We used a shotgun proteomics LC-MS/MS 

approach to analyze the differentially accumulated grapevine proteins and unravel protein modulation at 

6 and 12 hours post inoculation with P. viticola [1].  We were able to identify 899 proteins and the 

accumulation of 497 proteins was significantly altered. At 6 hpi, proteins related to defense and to 

response to stimuli are negatively modulated while at 12 hpi there is an accumulation of proteins 

mailto:absantos@fc.ul.pt
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belonging to both categories. The co-occurrence of effector-triggered susceptibility (ETS) and effector-

triggered immunity (ETI) is detected at both time-points, showing that these defense processes present 

high plasticity.  The results obtained in this study unravel the tolerant grapevine defense strategy towards 

P. viticola and may provide valuable insights on resistance associated candidates and mechanisms, which 

may play an important role in the definition of new strategies on breeding approaches. 

1. Santos, RB et al. (2020) Grapevine – Downy Mildew Rendez-Vous: Proteome Analysis of the First Hours of an Incompatible 

Interaction. Preprints, 2020100066 (doi: 10.20944/preprints202010.0066.v1).  

 Acknowledgements: The present work was supported by: Portuguese Foundation for Science and Technology 

(FCT/MCTES/PIDDAC, Portugal): BioISI (UIDB/04046/2020 and UIDP/04046/2020), PTDC/BIA-BQM/28539/2017 and 

IF/00819/2015. 
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Characterization of age-related proteome changes in common beans (Phaseolus vulgaris) 

Ahyoung Kim,1 Bilova T,1,2 Mavropolo-Stolyarenko G,3 Ihling C,4 Matamoros M,5 Sinz A,4 Wessjohann LA,1 

Frolov A1,3 

1Department of Bioorganic Chemistry, Leibniz Institute of Plant Biochemistry, Halle, Germany 
2Department of Plant Physiology and Biochemistry, St. Petersburg State University, Russia 
3Department of Biochemistry, St. Petersburg State University, Russia 
4Department of Pharmaceutical Chemistry and Bioanalytics, Institute of Pharmacy, Martin-Luther 
Universität Halle-Wittenberg  

5Departamento de Nutrición Vegetal, Estación Experimental de Aula Dei, Consejo Superior de 
Investigaciones Científicas (CSIC)  

 

Legumes are well-known for their ability to form a symbiosis with nitrogen-fixing bacteria, which is 

localized to characteristic organs – root nodules, where atmospheric nitrogen is converted. The stability 

and efficiency of this symbiosis dramatically affect productivity of legume plants. In this context, ageing 

of root nodules is accompanied by a decrease in nitrogen fixation rates. Thus, early nodule senescence 

negatively affects enrichment of soils with nitrogen and might compromise plant productivity and crop 

yields. Hence, delay of the senescence onset in the ontogenesis of nodules is desired and represents a 

promising breeding hallmark. For this, the mechanisms behind the nodule senescence need to be 

understood. To address this problem in one of the major crop legumes, common bean (Phaseolus 

vulgaris) we followed the changes in plant and bacterial parts of the nodule proteome of young, mature 

and senescent plants (4-, 5-, and 7-week old, respectively). The proteomics analysis relied on the LC-

based bottom-up strategy (nanoLC-LIT-Orbitrap-MS). Peptide identification and protein annotation were 

accomplished by the SEQUEST search engine in Proteome Discoverer software against a combined 

legume database comprising Phaseolus vulgaris, Medicago truncatula and Lotus japonicus sequences for 

the legume partner and rhizobial database (Rhizobium leguminosarum bv. Phaseoli) for the bacterial one. 

Age-related protein dynamics was addressed by label-free quantification using Progenesis QI and Perseus 

softwares. The analysis revealed that the plant part of the nodule proteome demonstrated a clear down-

regulation pattern, whereas the most of rhizobial proteins were continuously up-regulated throughout 
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the nodule development. Functional annotation of the differentially expressed nodule proteome 

revealed predominantly proteins involved in nucleotide and protein metabolism (both biosynthesis and 

degradation) of the legume partner. On the other hand, in the rhizobial part of the nodule proteome, 

proteins involved in DNA and protein metabolism represented the most affected group. 

 

POSTER#3.8 

A shotgun proteomics approach for the study of the effect and responses to combined drought and 

Phytophthora cinnamomi in Quercus ilex subsp. ballota [Desf.] Samp. seedlings from two contrasting 

Andalusian populations  

Maria Angeles Castillejo, San Eufrasio B, Jorrín-Novo JV, Rey MD. 

University of Cordoba, UCO-CeiA3, Dpt. Biochemistry and Molecular Biology-ETSIAM, Cordoba, Spain 

Biotic and abiotic stresses are predicted to be the main drivers of forest tree decline and mortality in a 

climatic change scenario. It occurs, for example, in Quercus ilex, the main component of the 

Mediterranean forest, becoming a major environmental, economic and social concern. The decline 

syndrome is the result of factors interrelated in time and space. Breeding, through variability and elite 

genotype selection, is the only plausible strategy for forest management and conservation in non-

domesticated, orphan species as is the case of the genus Quercus.   By using a shotgun proteomics 

approach, the effect and the responses to combined drought stress and pathogen (Phytophthora 

cinnamomi) have been analyzed in two Holm oak populations with contrasting responses to each 

individual stress. Proteomics data are correlated with that of plant survival, damage symptoms, leaf 

chemical composition and physiological phenotypes (water content and photosynthetic activity). Changes 

in the protein profile depended on the population, stress, and time, with some consistent up-

accumulated proteins related to synthesis, primary and secondary metabolism, and cell wall are 

discussed.    

 

POSTER SESSION 4 

ABIOTIC STRESS 

 

POSTER#4.1 

Potential utilization of dehydrin proteins as indicators of cereal (wheat, barley) tolerance to 

environmental stresses 

Klára Kosová,  Vítámvás P, Prášil IT. 

Crop Research Institute, Drnovská 507/73, Prague, Czech Republic 
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Dehydrins as group II LEA proteins accumulate to high levels in plant cells exposed to environmental 

stresses inducing cellular dehydration and display several protective functions regarding intracellular 

proteins and membranes. Studies combining 1-D SDS-PAGE and immunoblot analysis to determine 

dehydrin protein relative accumulation revealed a relationship between qualitative and quantitative 

alterations in dehydrin protein relative accumulation and plant stress tolerance. Regarding low-

temperature stress, a significant correlation between dehydrin protein relative accumulation and 

acquired frost tolerance in wheat or barley plants at early vegetative stages prior to vernalization 

requirement when grown in controlled conditions. However, [1] found out that reacclimation to cold 

following a deacclimation treatment in vernalized winter wheat plants cv. Mironovskaya 808 led to 

significantly reduced accumulation of cold-inducible WCS120 dehydrins most probably due to a negative 

effect of vernalization-induced VRN1 gene on the expression of cold-inducible COR/LEA proteins. In the 

field, winter cereals are exposed to multiple environmental stresses including temperature fluctuations in 

regions with maritime and transitional climate such as in western and central Europe. Thus, the results 

from field samplings indicate that dehydrins and other COR/LEA proteins such as chloroplast-located 

COR14b reveal a correlation with plant winter survival rates only prior to vernalization fulfillment, i.e., 

approximately until Christmas during winter season in central Europe. Regarding salinity, both qualitative 

and quantitative differences in dehydrin proteins profiles were determined between susceptible barley 

cultivar Amulet and tolerant Syrian barley variety Tadmor with salt-tolerant Tadmor revealing higher 

levels of accumulated dehydrin proteins under high salinity stress of 300 mM NaCl.   It can be concluded 

that cold-acclimated wheat and barley cereals prior to fulfillment of vernalization requirement reveal a 

correlation between quantitative levels of Kn type dehydrin proteins (WCS120 protein family in wheat 

and DHN5 protein in barley) and plant acquired frost tolerance (or winter survival in field studies). 

Studies dealing with dehydrative stresses such as drought or salinity revealed both qualitative and 

quantitative differences in dehydrin protein profiles among the genotypes with differential stress 

tolerance. Dehydrin protein profiling thus reveals a potential to be utilized as a molecular marker in 

breeding programs aimed at improvement of crop stress tolerance. 

1. Vítámvás and Prášil (2008) Plant Physiol. Biochem. 46: 970-976 

 

POSTER#4.2 

Protein glycation and drought response of pea (Pisum sativum L.) root nodule proteome: a proteomics 

approach 

Daria Gorbach¹, Shumilina J1,2, Tsarev A1,2, Kusnetsova A, Grashina M, Ihling C3 and Frolov A1,2  

¹ St. Petersburg State University , Saint-Petersburg, Russia  
2Dept. Bioorganic Chemistry, Leibniz Institute of Plant Biochemistry, Halle, Germany 
3Dept. Pharmaceutical Chemistry & Bioanalytics, Martin-Luther Universität Halle-Wittenberg, Germany 

Drought is one of the major factors limiting plant productivity. Legume plants, an important source of 

protein-rich foods, form symbiotic association with rhizobial bacteria that is especially sensitive to 

dehydration, and can lose its productivity under drought conditions. Understanding the molecular events 
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behind the drought response of root nodules might give access to new productivity preserving strategies. 

Here we address the effects of moderate drought on protein dynamics and AGE patterns in pea (Pisum 

sativum) root nodules. For this, plants, inoculated with rhizobial culture, were subjected to osmotic stress 

for one week. Afterwards, the plants were harvested, total protein fractions were isolated from root 

nodules by phenol extraction, analyzed by bottom-up LC-MS-based proteomics, and the AGE patterns 

were characterized. Surprisingly, despite of the good experimental performance, only minimal drought-

related expressional changes (14 rhizobial and 14 pea proteins, mostly involved in central metabolism 

and nitrogen fixation) could be observed. In contrast, the number of glycated sites in nodule proteins 

dramatically reduced upon stress application. Thus, stress-related deglycation can be demonstrated for 

several functional groups of proteins. This fact brings us to the assumption, that glycation might be 

involved in stress-related events in root nodules, affecting regulation of transport, protein degradation, 

central, lipid and nitrogen metabolism. Moreover, the glycation response to drought seems to differ from 

the events, accompanying ageing and mostly pronounced as deglycation of the effector molecules. 

Among AGEs, Nɛ-(carboxymethyl)lysine and Nδ-(carboxyethyl)arginine represented the most abundant 

groups, which were represented with 37 and 39 glycated peptides in pea and rhizobial proteome, 

respectively. 

 

POSTER#4.3 

Proteomic analysis of durum glutenin protein under heat and drought stress  

Maryke Labuschagne, Phakela K, Wentzel B, Guzman C and van Biljon A. 

Department of Plant Sciences, University of the Free State, Bloemfontein, South Africa 

Flour quality used for pasta making is mainly influenced by the gluten proteins, a complex mixture of 

proteins made of high molecular weight-glutenin subunits (HMW-GS), low molecular weight-glutenin 

subunits (LMW-GS), and α-, γ-, and ω-gliadins. Two durum wheat (Triticum durum Desf.) cultivars 

(AtilC2000 and Mexicali75) with contrasting quality characteristics were grown in field trials in Mexico. 

The trial was conducted under five different growing conditions: optimum, moderate drought stress, 

severe drought stress, moderate heat stress and severe heat stress. The aim of the study was to evaluate 

the influence of abiotic stress on gluten protein composition. Selected samples were analysed by two-

dimensional gel electrophoresis (2-DE). Proteins were identified by liquid chromatography - tandem mass 

spectrometry (LC-MS/MS) of peptides. A total of 330 spots were differentially expressed at p ≤ 0.05. 

Approximately 305 spots were up-regulated, of which 7.5% were induced by moderate drought, 10.61% 

by severe drought stress, 8.79% by moderate heat stress, 7.27% by severe heat stress and 65.88% due to 

a combination of stress conditions in AtilC2000. In Mexicali, 205 spots were differentially expressed and 

were upregulated. About 35.12% of the protein spot increases were induced by moderate drought, 

4.39% by severe drought, 1.46% by moderate heat and 2.95% by severe heat stress. Sixteen spots were 

down-regulated. Selected spots were analysed by LC-MS/MS followed by data base searching. Of these, 

some were HMW-GS, gliadins, serpins and β-amylase involved in carbohydrate metabolism. AtilC2000 

showed the least changes due to stress treatments. 
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POSTER#4.4 

Plausible implications of chronic ionizing radiation stress for plant memory and immunity 

Miroslav Perniš, Mishra S, Klubicova K, Rashydov N, Skultety L, Danchenko M. 

Institute of Plant Genetics and Biotechnology, Plant Science and Biodiversity Center, Nitra, Slovakia 

Most environmental pollutants, including radionuclides, are persistent; thus, they chronically influence 

plants. Ionizing radiation is a ubiquitous stress factor with unclear consequences of prolonged exposure 

to low doses. A comprehensive comparison of seed proteomes and photosynthetic indices of leaves 

between soybean (Glycine max) grown in a radionuclide-contaminated field, followed by a clean ground 

recovery season, allowed to formulate a hypothesis, explaining effects induced by chronic ionizing 

radiation [1]. Data indicated that during multigenerational growth in a contaminated environment of 

Chernobyl zone, detrimental heritable changes were accumulated. We suggested that low-quality seed 

provisioning caused a harmful effect persisting in the offspring generation. Energy flow was restricted at 

least partially because of suboptimal photosynthesis on the vegetative stage. Currently, we pursue 

follow-up experiments for direct functional testing of an idea about compromised immunity against 

phytopathogens in the field, but perhaps even primed in the clean ground. Additionally, we started a 

pilot study on post-translational modifications of proteins, particularly assays on oxidative stress-related 

carbonylations, to discover the mysterious nature of damaging factors in aquatic plant—common reed 

(Phragmites australis). From a practical perspective, our data can be used to develop biotechnological 

applications, targeting the engineering of crops for the phytoremediation of contaminated areas.  

1. M. Pernis et al., J. Plant Physiol. 251, 153219 (2020) 

 

POSTER#4.5 

Twenty different late embryogenesis abundant proteins (LEAPs) accumulate in desiccated Ramonda 

serbica leaves 

Marija Vidovic1, Stevanovic S1, Franchin C2,3, Battisti I2,3, Arrigoni G2,3, Masi A4, Veljovic-Jovanovic S5 
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Resurrection plant Ramonda serbica Panc. survives desiccation for a long period and fully recovers 

metabolic functions already within one day upon watering [1]. Besides osmotic stress, desiccation 

provokes the accelerated generation of reactive oxygen species. The aim of our study was obtaining more 
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insight into the mechanisms of desiccation tolerance in R. serbica by TMT labelled comparative 

quantitative proteomics of hydrated (HL) and desiccated leaves (DL).  After de novo transcriptome 

analysis, 189456 transcripts with 189003 unigenes were annotated with seven common databases. 

Proteomic analysis allowed for the relative quantification of 895 different protein groups, 321 with a 

statistically significant difference in abundance between FL and DL. Among them, 25% referred to 

chloroplast and almost the same percentage were associated with desiccation and oxidative stress. 

Almost all differentially abundant proteins related to photosynthetic processes were down-regulated in 

DL, while those required for protein translation were more abundant in HL. Within differentially 

abundant proteins involved in antioxidative defence, the levels of enzymes involved in ascorbate-

glutathione cycle, peroxiredoxins, Fe and Mn superoxide dismutase (SOD) were all reduced in DL, while 

germin-like proteins, three Cu/Zn SOD isoforms and polyphenol oxidases were more abundant in DL 

compared with HL. The protein family with the highest number of members showing the greatest 

accumulation upon desiccation comprised twenty different late embryogenesis abundant proteins 

(LEAPs), similarly as found by differential transcriptomic analysis. Taken together, our results imply a key 

role of LEAPs and Cu/Zn SOD in protective mechanism against desiccation in R. serbica, that may have 

significant implications on drought-related studies of crops grown in arid areas. 

This work was supported by the Science Fund of the Republic of Serbia (PROMIS project LEAPSyn-SCI, grant number 
6039663). M.V. wishes to acknowledge the support of COST Action BM1405 for approving STSM in Padua during 
2017 and 2018. 
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The chloroplast of Craterostigma plantagineum during a complete dehydration/rehydration cycle. 
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1GreenTech Innovation Center, Environmental Research and Innovation, Luxembourg Institute of Science 
and Technology, Esch-sur-Alzette, Luxembourg 
2Institute of Molecular Physiology and Biotechnology of Plants (IMBIO), Faculty of Natural Sciences, 
University of Bonn, Germany 

Water shortage and the occurrence of drought periods are predicted to increase in the next decades. The 

success of biotechnological programs aimed at improving drought tolerance of crops depends on the 

identification of the mechanisms by which plants withstand drought. While aimed at improving the 

drought resistance of crops, a group of plants, collectively called resurrection plants, is studied for their 

capacity to lose up to 98% of their water content and re-establish growth after rehydration.  One species 

that is used as model resurrection plant is Craterostigma plantagineum [1]. Samples from this plant at 

different time-points during a dehydration/rehydration cycle were analysed by transcriptomics, 

proteomics and metabolomics. One of the processes occurring is the change of the composition, 

structure and thus functioning of the cell wall. During the dehydration cycle the flexibility of the cell wall 

increases, as such allowing the cell wall to fold, induced by changes in cell volume, without leading to 

rupture (Xu et al. submitted).  Although the photosynthetic apparatus of C. plantagineum is maintained in 
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a recoverable state during dehydration, accounting for the capacity to recover from dehydration within 

24h of rewatering [2], all analyses result in significant changes in chloroplast localized molecular events. 

These include changes in the expression and accumulation of chloroplast localized proteins, densification 

of chloroplast membranes and changes in the accumulation of chloroplast-localized metabolites 

(chlorophyll and degradation products thereof and different antioxidants). In this talk I’ll give an overview 

of the current state of integration of the different -omics datasets and the physiological impact of the 

dehydration/rehydration cycle on the chloroplast.    

This study was financially supported by The Fonds National de la Recherche, Luxembourg (Project SMARTWALL 

C15/SR/10240550)  

1. Liu, X., Challabathula, D., Quan, W., Bartels, D. Transcriptional and metabolic changes in the desiccation tolerant plant 

Craterostigma plantagineum during recurrent exposures to dehydration. Planta 249, 1017–1035 (2019). 

https://doi.org/10.1007/s00425-018-3058-8 

2. Bartels, D., Salamini, F. Desiccation tolerance in the resurrection plant Craterostigma plantagineum. A contribution to the 

study of drought tolerance at the molecular level. Plant Physiology 127, 1346-1353 (2001). https://doi.org/10.1104/pp.010765 

 

POSTER#4.7 

Targeted post-acquisition proteomics as an approach for the search of proteins and peptides to be 

used as markers of tolerance to drought in Quercus ilex 

Castillejo MA, San Eufrasio B, Bigatton ED, Guerrero-Sánchez V, María-Dolores Rey, and Jorrín-Novo JV. 

University of Cordoba, Campus de Rabanales, Cordoba, Spain 

Holm oak (Quercus ilex) is the dominant tree species in natural forest ecosystems over the Western 

Mediterranean Basin, as well as in the agrosilvopastoral Spanish “dehesa”, with relevance from an 

environmental, economic and social point of view. This species shows a high adaptability to conditions of 

thermal and drought stress. However, the water deficit is the main cause of mortality in holm oak 

plantations and drought stress is considered one of the causes of its decline. This situation can be worse 

under the threat of a foreseen climate change scenario, where statistical models predict that 40% of the 

areas with high density of Q. ilex will be unsuitable for its survival. The aim of this work was to identify 

proteins and peptides to be used as markers of tolerance to drought in holm oak by using a targeted 

post-acquisition proteomic approach. The study was based on a set of proteins identified by shotgun (LC-

MS/MS) from a drought experiment carried out for 28 days in seedlings of Q. ilex from different 

Andalusian Spanish provenances (Granada, Huelva, Cádiz and Sevilla). A list of 28 proteins and 46 derived 

proteotypic peptides are proposed as putative markers of drought tolerance.  

 

 

 

 

 

 

 

https://doi.org/10.1007/s00425-018-3058-8
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Root proteomic analysis of Common bean (Phaseolus vulgaris) under Fe and P stress. 

Madhiya Manzoor1, Zargar SM1, Urwat U1 , Bhat SA2, Dar TA3 

1 Proteomics Laboratory, Sher-e-Kashmir University, Jammu & Kashmir, India 
2 Division of Basic Science, Sher-e-Kashmir University, Jammu & Kashmir, India  
3Department of Clinical Biochemistry, University of Kashmir, INDIA 

Mineral stress is one of the major abiotic stresses faced by crop plants. Proteomics has emerged as a vital 

tool for high throughput systematic analysis of protein expression which helps to unlock various 

biochemical pathways. Keeping in view the relevance of differential expression studies at the post 

transcriptional level, we attempted to explore the candidate proteins that are triggered under mineral 

stress conditions in common bean. The present study was conducted to investigate the impact of mineral 

stress (Fe and P) on proteome responses of the root tissues of common bean (Phaseolus vulgaris L.).The 

study was conducted under in vitro conditions, in which seeds of SFB-1 (Shalimar French Bean-1) were 

cultured on four different MGRL medium (P1Fe1 ,P1Fe0 ,P0Fe1 and P0Fe0). The protein was extracted from 

the root tissue and subjected to quantification. Proteins were resolved on 12% SDS PAGE. Differentially 

expressed bands under different mineral stress condictions were identified and further subjected to 

trypsin digestion and MALDI-MS analysis. We report the presence of 4 significant proteins 

(Endoglucanase, Zinc finger CCH domain containing protein, Serine carboxypeptidase, Beta-glucosidase) 

expressed under different mineral stresses.The identified proteins are primarily localized in nucleus, cell 

membrane and vacuole and play significant roles in plant defense, photosynthesis, and various molecular 

regulatory processes. These findings suggest disturbance in cell homeostasis leading to damage/oxidative 

stress in response to mineral imbalances, however, further investigations are required to understand 

indepth changes in gene expression levels under Fe and P stress through quantitative proteomic 

approach. 

 

 

POSTER SESSION 5 

ENVIRONMENTAL PROTEOMICS  

 

POSTER#5.1 

Response of soybean to graphene oxide nanostructures stress at proteomic level  

Heidari M, Farsad N, Toorchi M, Nasser Mahna 

University of Tabriz, Department of Horticultural Sciences, Faculty of Agriculture, Tabriz, Iran 

Investigation on the plant response to nanomaterial stress at the proteomic level is crucial for better 

understanding of the complicated molecular mechanisms involved in nano-phytotocxicity. Nano 

graphene oxide (GO) is one of the most attractive graphene derivatives with quite a lot of industrial and 

biomedical applications. The present study was designed to evaluate the changes in protein profile of 
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soybean root under GO stress. At the concentration of 400 mg/L of GO, we investigated 2-dimensional 

electrophoresis (2DE) proteomic profiling and compared with untreated plants. Proteomic analysis 

showed that GO treatment caused significant changes in the abundance of 48 proteins in roots of 

soybean. MALDI TOF/TOF method analysis revealed the up-regulation of the proteins involved in the 

redox regulation in plants. 

 

POSTER#5.2 

The effects of silver nanoparticles and ions on Chlorella vulgaris 

Bruno Komazec1, Đaković M1, Cvjetko P1, Balen B1, Lyons DM2, Peharec Štefanić P1 

1Department of Biology, Faculty of Science, University of Zagreb, Zagreb, Croatia 
2Center for Marine Research, Ruđer Bošković Institute, Rovinj, Croatia 

Silver nanoparticles (AgNPs) are well known for their antimicrobial properties in many commercially 

available products, but due to their toxicity and reactivity, they can pose a risk to the aquatic 

environment. The model photosynthetic eukaryotic organism, Chlorella vulgaris, was used in this study. 

To evaluate the effect of AgNPs stabilized with polyvinylpyrrolidone (AgNP-PVP) and silver ions (AgNO3) 

on the microalgae, their growth, lipid peroxidation and catalase activity were measured upon their 

exposure to 0.5, 1.0, 1.5 and 2.0 ppm concentrations after 5, 24 and 48 hours in the modified liquid BBM 

nutrient medium. Additionally, the changes of pH, levels of dissolved oxygen and absorbance spectre in 

the range of 300-800 nm in the algae culture were analysed after the same period of treatment. Since 

stress conditions negatively affect ribulose bisphosphate carboxylase (Rubisco) protein synthesis, we 

used immunoblotting assay to analyse the expression levels of the large Rubisco chain to evaluate the 

fitness of algae upon treatment. After the treatment with AgNP-PVP or AgNO3 a significant dose-

dependent decrease in cell number and an increase in dissolved oxygen and lipid peroxidation were 

observed. Furthermore, an increase in catalase activity was measured after all of the treatments, while 

an increase in pH was observed after 24 and 48 hours on treatments with 1.5 and 2.0 ppm of both AgNP-

PVP and AgNO3. Visible light absorbance significantly decreased after the treatment with both AgNP-PVP 

and silver ions, with the decrease most noticeable in the characteristic chlorophyll a and b absorbance 

ranges. Immunoblotting revealed significant dose-dependent decrease in the levels of Rubisco large 

subunit after treatments with both AgNP-PVP and AgNO3. 
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Effects of silver nanoparticles and silver nitrate on root proteins of tobacco (Nicotiana tabacum) plants 

Petra Peharec Štefanić1, Jarnević M1, Cvjetko P1, Biba R1, Šikić S2, Tkalec M1, Cindrić M3, Letofsky-Papst I4,  

Balen B1 

1Department of Biology, Faculty of Science, University of Zagreb, Zagreb, Croatia 
2Department of Ecology, Andrija Stampar Teaching Institute of Public Health, Zagreb, Croatia 
3Ruđer Bošković Institute, Zagreb, Croatia 
4FELMI, Graz University of Technology, Graz, Austria 

The small size of nanoparticles (NPs), results in unique chemical and physical characteristics and large 

surface area to volume ratio increases their biological activity. These properties lead to large scale 

production of nanomaterials, but also lead to concerns that NPs may pose a risk for human health and 

environment. Silver nanoparticles (AgNPs) are of particular interest because of their antibacterial and 

antifungal properties, which is why they are being implemented in various consumer products. The 

AgNPs released into the environment are prone to aggregation, oxidation and dissolution. These 

transformations modify their properties influencing their transport, fate and possible toxicity. Plants are 

the vital part of healthy ecosystem. Since they play an important role in accumulation and biodistribution 

of many environmentally released substances, they could be influenced by AgNPs serving as a potential 

pathway for AgNP-transport and bioaccumulation into food chains. Thus, any negative effects of NPs 

upon plant growth could cause significant changes in the ecosystem. In this study, we examined the 

effects of citrate-coated AgNPs and ionic silver (AgNO3) on root proteome of tobacco plants exposed to 

100 µM AgNPs and AgNO3 for 7 days. Ag accumulation in root tissue was determined by ICP-MS, while 

the AgNPs uptake and localization was determined with TEM-EDX microscope. Two-dimensional gel 

electrophoresis (2-DE) and MALDI mass spectrometry were employed to reveal the changes in protein 

expression. After both types of treatments, similar Ag content was measured. The TEM-EDX analysis 

confirmed that the silver in the nanoparticulate form was taken up by the root cells and accumulated in 

the cell wall. Majority of the identified root proteins with differential expression were down-regulated 

and involved in defense and stress response in both types of treatment. The majority of these proteins 

were involved in response to abiotic and biotic stimuli and response to oxidative stress. Obtained results 

indicate that AgNPs and AgNO3 cause similar changes in the root proteome, thus indicating that 

dissociated Ag+ ions could be involved, along with nanoparticulate form, in AgNPs toxicity. 

 

POSTER#5.4 

Changes in activities and isoform patterns of antioxidant enzymes in tobacco plants upon exposure to 

silver nanoparticles and silver nitrate 

Karla Košpić, Biba R, Cvjetko P, Peharec Štefanić P and Balen B 

University of Zagreb, Faculty of Science, Divison of Molecular biology, Horvatovac 102a, Zagreb, Croatia 
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With rapidly growing utilization of nanomaterials in industry and various consumer products comes a 

great environmental health risk. Due to their well-known antimicrobial properties, silver nanoparticles 

(AgNPs) are the most exploited nanomaterial, particularly in agriculture and food production. However, 

being released to water or soil, AgNPs are likely to interact with plants and thereby enter the food chain. 

In this work, in vitro grown tobacco (Nicotiana tabacum) plants were exposed to either AgNPs stabilized 

with cetyltrimethylammonium bromide (CTAB) or polyvinylpyrrolidone (PVP) coating or to ionic silver 

(AgNO3) of the same concentrations (25, 50 and 100 μM) in order to determine changes in the 

antioxidant enzymes system. Spectrophotometric enzyme assays were used to determine the activities of 

antioxidant enzymes catalase (CAT), ascorbate (APX) and pyrogallol peroxidase (PPX) and superoxide 

dismutase (SOD) in leaf extracts of exposed and control plants, followed by polyacrylamide gel 

electrophoresis in native conditions, applied to determine different isoenzymes and changes in 

expression patterns in regard to different treatments. Immunoblotting was used to identify each 

individual antioxidant enzyme and analyse their expression levels. The results showed that the most 

prominent changes in activities of SOD and PPX were observed after exposure to AgNO3 treatments, 

while 100 µM AgNP-CTAB showed the highest increase in both CAT and SOD activities. The form of 

applied silver seemed to affect the expression of different isoenzymes, with the most notable differences 

observed in APX and PPX isoform patterns when comparing exposure to ionic silver and AgNP 

treatments. Exposure to AgNP-CTAB resulted with the highest increase in all antioxidant enzyme levels 

compared to other treatments of same concentration, according to Western blot results. Obtained 

results suggest that oxidative stress is associated with AgNPs toxicity in plants and cannot be ascribed 

only to dissolution of silver ions. 

 

POSTER SESSION 6 

NITROGEN USE EFFICIENCY 

 

POSTER#6.1 

Transamination of L-asparagine in Glycine max leaf tissue 

Dristy Zaman1, Pajak A2, and Marsolais F2  

1University of Western Ontario, London ON, Canada 
2Agriculture and Agri-Food Canada, London Research & Development Centre, London ON, Canada 

L-asparagine is an important source of nitrogen stored and transported in higher plants, favoured in 

legumes due to its advantageous 2N:4C ratio. The catabolism of asparagine in sink tissues occurs through 

two pathways: deamidation and transamination. Developmentally regulated, deamidation by 

asparaginase is predominant in seeds and young leaves, with activity decreasing rapidly as leaves mature. 

Asparaginases can be differentiated as K+-independent or K+-dependent, with legumes primarily utilizing 

K+-dependent asparaginases due to their higher catalytic activity and efficiency. As asparaginase activity 

declines, transamination by serine:glyoxylate aminotransferase in the peroxisome becomes the principal 
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pathway for asparagine catabolism. Asparagine is transaminated into α-ketosuccinamate, which is further 

reduced into α-hydroxysuccinamate. Both metabolites are hydrolyzed by ω-amidase and used to 

synthesize other amino acids, ultimately incorporated into proteins. The objective of this investigation is 

to identify and characterize the dehydrogenase involved in the reduction of α-ketosuccinamate in the 

model legume Glycine max. A genomics approach utilizing microarray co-expression data yielded 

potential gene candidates. Metabolites will be quantified in leaf tissue at different developmental stages 

to determine peak transamination activity. Enzyme assays will be conducted with peroxisomal proteins 

extracted from these tissues and mass spectrometry employed to identify the enzyme. This research will 

afford a better understanding of nitrogen metabolism in higher plants and hopefully contribute to 

advancements in crop nitrogen use efficiency. 

 

POSTER#6.2 

Proteomic changes in the roots of M4 grapevine rootstock in response to nitrate availability 

Bhakti Prinsi, Muratore C, Espen L 

University of Milan - Department of Agricultural and Environmental Sciences, Milano, Italy 

Nitrogen (N) is an essential macronutrient for plants, but very little is known about the biochemical roles 

played by roots in N acquisition in grapevine (Vitis vinifera L.), an important grafted perennial fruit crop. 

In recent years, the grapevine rootstock M4 [(V. vinifera × V. berlandieri) × V. berlandieri] was the subject 

of physiological, transcriptomic and proteomic analysis that highlighted its higher tolerance to drought 

and salinity stress in comparison with other rootstocks. However, little information is available about its 

metabolic responses to the availability of nitrate (NO3
-), the major form of N nutrient used by plants in 

agricultural soils. The aim of this study was to determine the metabolic events involved in NO3
- 

acquisition in M4. In details, young M4 plants, grown in a hydroponic system, after a period of N 

starvation were maintained in the absence of N (control condition) or exposed to 10 mM NO3
-. Firstly, the 

changes of some biochemical parameters (such as NO3
-, sugar and amino acid contents) as well as the 

evaluation by Western blot analyses of the abundances of key enzymes (i.e. Nitrate Reductase and 

Glutamine Synthetase) were used to define the time course of the metabolic changes occurring in the 

first 30 h. Taken together, the results showed that root N metabolism significantly increased after 30 h of 

NO3
- availability. To gain a better characterization, a proteomic analysis based on one-dimensional (1D) 

Gel Liquid Chromatography-Mass Spectrometry (GeLC-MS/MS) was conducted, comparing the root 

profiles in the control condition and after 30 h of NO3
- induction.  This approach allowed the 

identification of some hundreds of proteins, with high reliability and good reproducibility. Many of the 

proteins found to change in abundance were directly involved in NO3
- uptake and assimilation, such as 

H+-ATPase, Nitrite Reductase and Glutamine Synthetase. According to the induction of N metabolism, 

some root enzymes involved in protein synthesis, folding and trafficking showed a relevant increment in 

abundances after 30 h of NO3
- availability, while those involved in flavonoid metabolism generally 

showed a down-accumulation. Moreover, the results underlined the strict relationships between N 

nutrition, carbon metabolism and the metabolic pathways implicated in cell redox status.  Overall, the 
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proteomic analysis reveals that NO3
- provision significantly affected the root proteome of M4 grapevine 

rootstocks, providing novel information about the biochemical pathways involved in N metabolism in this 

perennial plant. This study lays the bases for a better elucidation of the relations among N nutrition, 

rootstock/scion interactions and productivity in grapevine. 

 

POSTER#6.3 

Comparative proteomics of organelles in maize (Zea mays L.) roots in response to different 

availabilities of nitrate and ammonium 

Chiara Muratore C, Galli G, Espen L, Prinsi B. 

University of Milan - Department of Agricultural and Environmental Sciences, Milano, Italy 

Nitrogen (N) is one of the main factors limiting agricultural productivity, especially in cereals such as 

maize (Zea mays L.), and nitrate (NO3
-) and ammonium (NH4

+) represent the predominant forms of N in 

agricultural soils. Plants are differently affected by the availability of these two N forms at morphological, 

physiological and metabolic levels, especially during the early stages of development. In particular, roots 

responses to different N availabilities involve the modulation of distinct metabolic pathways, the 

regulation of ion compartmentation and the balancing of cellular homeostasis. In this context, the strict 

coordination between the biochemical activities of cell organelles, among which mitochondria, plastids 

and vacuole, is crucial. Hence, subcellular proteomics represents a powerful method to study these 

metabolic interactions.  The aim of this research was to study the roles of organelles in the adaptation to 

different N availabilities in maize roots, through the combination of physiological, metabolic and 

proteomic analyses.  The research was conducted in roots of three-day-old maize plants, grown by 

hydroponic system, and exposed to different N availabilities: absence of N, 2.5 mM NO3
-, 2.5 mM NH4

+, 

1.25 mM NO3
- + 1.25 mM NH4

+. This experimental design allowed to appreciate differences in plant 

growth and metabolic status, with variations in plant biomass accumulation and in the shoot/root ratios, 

in the contents of NO3
-  and NH4

+ and metabolites, such as sugars and amino acids, and in the abundance 

of key enzymes in N assimilation (i.e. Nitrate Reductase e Glutamine Synthetase). Root organelles were 

enriched by differential centrifugation techniques and the sub-proteomic profiles were analysed by 

means of one-dimensional (1D) Gel Liquid Chromatography-Mass Spectrometry (1D GeLC-MS/MS). This 

approach allowed to identify and quantify a total of 365 proteins, showing, by means of bioinformatic 

analysis, a good degree of enrichment of the target proteomes (77.7%), and revealing that the 33% of the 

proteins were differently accumulated in the four conditions (one-way ANOVA, p ≤ 0.01).  The results 

showed that the N forms induced different changes in abundance of proteins involved in the assimilation 

of N at the plastid level, in protein synthesis, in respiratory metabolism, and in the exchange of 

metabolites between organelles. Interestingly, some classes of mitochondrial carrier proteins, such as 

Mitochondrial dicarboxylate/tricarboxylate transporter (DTC), Mitochondrial phosphate carrier protein 3 

and ADP/ATP carrier protein showed the highest abundance in NH4
+-fed plants, highlighting a specific 

involvement of mitochondrion metabolism in root adaptations to this nutrient. Differently, the 

availability of NO3
-  affected the accumulation of some tonoplast proteins, such as aquaporins (TIP) and 
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V-type proton ATPase subunits, and of some proteins involved in cell calcium network, providing new 

hints about the role of this nutrient both as osmolyte and metabolic signal. Overall, this research 

confirms the fundamental roles of roots in N acquisition and provides novel information about the 

responses induced by the different N nutrients in multiple sub-cellular compartments in young maize 

plants. 

 

POSTER#6.4 

Comparative proteomic analyses of potato (Solanum tuberosum L.) cultivars grown in hydroponics and 

subjected to different dosses of nitrate 

Yordan Muhovski, Vertommen D, Pyr dit Ruys S, Mauro S 

Walloon Agricultural Research Centre, Life Sciences Department, Gembloux, Belgium 

Potato (Solanum tuberosum L.) is the third most important food crop just after wheat and rice and as 

each crop, it is not immunized against the negative impact of various biotic and abiotic challenges like 

pathogens and over fertilization. Nitrogen is one of the most important nutrient for plant growth and 

development, and often in potato varietal selection programs this factor is neglected. Excessive loss of 

nitrate from potato root zone is a serious environmental issue worldwide so developing of potato 

cultivars which utilize N more efficiently is a long-term alternative in reducing such a loss. Therefore, 

using most efficient varieties is more practical way regarding ecology and economy in order to control 

the nitrogen utilization.  Having in mind those issues, a proteomics approach was applied to characterize 

two potato varieties (Victoria and Gasore) and their response to various NO3
- dosses. Plants were grown 

in hydroponics under controlled conditions on 1.5mM, 4mM, and 15mM nitrate corresponding to 

nitrogen deficiency, sufficiency and excess, respectively. Protein samples were extracted and the samples 

were depleted by 0.1% of protamine sulfate in order to remove most of the RuBisCO enzyme and to 

enrich the samples with low-abundant proteins. Label-free quantification mass spectrometry identified 

different proteins up- and down-regulated between varieties and between NO3
- treatments and as well 

different metabolic pathways were enlighten. The proteomic approach showed promising way as a tool 

for selection of potato varieties with different nitrogen use efficiency. 
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POSTER SESSION 7 

TECHNICAL ADVANCES 

 

POSTER#7.1 

Ageing stimulated protein glycation process in Arabidopsis plants 

Tatiana Bilova1,2,3, Paudel G1,2, Brauch D2,4, Schmidt R5, Tarakhovskaya E3, Shilyaev N6, Tissier A7, Vogt T7, 

Birkemeyer C2, Brandt W1,Sinz A5, Wessjohann LA1, and Frolov A1,2 

1Department of Bioorganic Chemistry, Leibniz Institute of Plant Biochemistry Halle/Saale, Germany 
2Faculty of Chemistry and Mineralogy, Universität Leipzig, Germany 
3Department of Plant Physiology and Biochemistry, St. Petersburg State University Russia 
4Leibniz Institute of Plant Genetics and Crop Plant Research Stadt Seeland, Germany 
5Institute of Pharmacy, Martin-Luther Universität Halle-Wittenberg, Germany 
6Department of Biochemistry, St. Petersburg State University Russia 
7Department of Cell and Metabolic Biology, Leibniz Institute of Plant Biochemistry, Halle/Saale, Germany 

Protein glycation is a non-enzymatic post-translational modification formed by interaction of free protein 

amino groups with reducing sugars and carbonyl products of their degradation. The resulting advanced 

glycation end products (AGEs) represent a heterogeneous group of protein adducts and are well-studied 

in mammals. They modulate protein structures and are known as markers of inflammation-related 

diseases and ageing. Essential amounts of carbonyl compounds and constitutively high rates of oxidative 

processes in plant tissues might contribute to protein glycation. However, AGE formation in plants 

remains mostly unstudied, and only recently has become a focus of scientific consideration. Previously 

Arabidopsis thaliana and Brassica napus constitutive glycation patterns were described for the first time. 

Here we discussed mechanisms of AGE-formation in plants in a temporal dimension. Proteome and 

metabolome of Arabidopsis plants (6-12-week old) were characterized by nanoLC-ESI-Orbitrap-LIT-

MS/MS-DDA and GC-EI-Q-MS profiling, respectively. Glycation sites and protein identification relied on 

Sequest search against an A. thaliana database and manual conformation of sequence assignment. Label-

free quantification of individual glycation sites relied on integration of the corresponding peptide signals 

in extracted ion chromatograms at characteristic tR. The protein functions were annotated with MapMan 

tool. Homology modeling relied on YASARA software.   Protein glycation patterns were stable in time. 

Thereby, age-related increase of AGE modification rates could be attributed only to a limited number of 

proteins and sites therein. The AGE patterns dominated by Nε-(carboxymethyl)lysine, as well as glyoxal- 

and methylglyoxal-derived hydroimidazolones. Thus, despite of its non-enzymatic nature, AGEs formed at 

specific sites in protein sequence. The existence of conservative protein patterns, susceptible to age-

related glycation, clearly indicates the existence of “glycation hotspots” in plant proteome. 
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POSTER#7.2 

Sub optimal 15N metabolic labelling in plant to determine protein turnovers: A new look at the isotopic 

distribution 

Willy Bienvenut, Langella O, Bailliau T, Rusconi F, Davanture M, Blein-Nicolas M, Zivy M 

Génétique Quantitative et Évolution - Le Moulon, La ferme du Moulon, Chemin du moulon, Gif sur 

Yvette, France 

Proteostasis is defined as the processes required maintaining the equilibrium between protein synthesis 

and degradation. Tight regulations from gene transcription to post-translational proteins modifications of 

these processes are required in cell cycle and survival to balance cellular development and environmental 

stresses. It has been shown repeatedly that the abundance of proteins only moderately correlates with 

that of transcripts. While the analysis of protein abundance variations using label-free approaches is now 

common in comparative proteomics, the determination of protein turnover using pulsed SILAC metabolic 

labelling is popular for large scale protein turnover determination. Although used with small mammals 

(e.g. mice), such approach remains difficult with whole organisms and almost impossible with autotroph 

species like plants or algae.  Alternatively, it has been proposed to use inorganic sources of 15N and/or 13C 

isotopes that could be metabolically incorporated to de novo synthetized amino acids. Full 15N metabolic 

labelling of the plant proteins is almost impossible since amino acid recycling in plant is highly efficient. 

Instead of reaching high 15N labelling rates, we decide to remain at very low incorporation yield, i.e. 

maximum 10% 15N.  This limited incorporation rate offers some advantages like a limited increase of mass 

spectrometry signal complexity. Indeed, the neo labelled translation products moderately modify the 

peptide natural isotopic distribution post 15N pulse since both labelled and unlabelled product appears as 

an overlapping isotopic distribution. Then, the accurate measurement of the experimental isotopic 

distribution provides relevant information to determine the 15N labelled protein fraction over time.  

Thanks to our local bioinformatics developments including X!TandemPipeline, MassChroQ and the MCQR 

package, we propose an approach of MS signal processing that make it possible to determine the fold 

change in protein (FCP) and the labelled protein fraction (LPF) required to estimate protein turnover 

parameters i.e. protein half-life and synthesis/degradation rates at the proteomic scale.  This poster 

highlights how accurate isotopic distribution measurement from ordinary large-scale proteomics LC-

MS/MS instruments is able to fit the challenge. 
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POSTER#7.3 

Application of MRM for grapevine organelle abundance profiling analysis in cell-suspension culture 

Ascensión Martínez-Márquez, Martins V, Sellés-Marchart S, Gerós H, Bru-Martínez R 

University of Alicante, Ctra. San Vicente del Raspeig s/n, San Vicente del Raspeig, Spain  

The evaluation of the composition and purity of protein extracts from plant material is a basic task in 

plant molecular biology research to which westerns or immunoblotting techniques are traditionally used. 

The field of plant science, in contrast with mammals biology, suffers from a lack of extensive antibody 

variety against plant proteins. The development of approaches that employ mass spectrometry to enable 

both relative and absolute quantification of many hundreds of proteins in a single sample from a single 

analysis provides a strategy to overcome the expensive and time consuming task of developing highly 

specific antibodies in plant science. Based on previously developed MRM markers for Arabidopsis 

organelles (Parsons and Heazlewood, 2015; Hooper et al. 2017) suitably adapted to grapevine protein 

homologs, we tested their performance in grapevine cell complete and enriched extracts. Therefore, we 

developed a rapid and specific MRM-based method to simultaneously detect and quantify different 

vacuole, plasma membrane, mitochondrion, cytosol and chloroplast proteins. The applicability of the 

developed method was tested successfully from subcellular fractions enriched by centrifugation density 

of Vitis vinifera. 

 

POSTER#7.4 

Fine-tuned procedure to extract high purified proteins from the seagrass Halophila stipulacea and 

proteins identification  by means of several seagrass genomic resources 

Amalia Piro, Anagnostopoulou V,  Apostolaki ET, Mazzuca S. 

University of Calabria, Rende, Italy 

The non-indigenous tropical seagrass Halophila stipulacea has the possibility to become more prevalent 

in the Mediterranean basin, exacerbated by the rapid increase of water temperature. At the same time, 

warming leads to less favourable conditions for the native seagrasses, which predisposes for a possible 

change in seagrass biogeography of the region. It is therefore important to understand the mechanisms 

that affect the invasion success of H. stipulacea. Molecular profiling appears a promising tool to study the 

traits that render H. stipulacea tolerant and resilient and facilitate its rapid and vast geographical spread. 

Taking advantage from recent seagrass genome sequencing, proteomics specialty have been applied to 

several seagrass species giving new insight on biology and physiology of this group on angiosperm. Here 

we report a fine-tuned procedure coming from the comparison between protocols for protein extraction 

and purification applied to H. stipulacea tissue starting from N2 frozen or fixed RNAlater plants. Protocol 

starting from RNAlater fixed plants gave higher protein yield comparing with the N2 frozen plants. SDS-

PAGE of RNAlater proteins gave the well resolved profile of peptide bands suitable for a gel-based 

proteomics. From that, mass spectrometry analyses and bioinformatics resulted in hundred identified 
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proteins obtained against several seagrass genomic resources at UniProt, NCBI, SeagrassDB and 

Posidonia oceanica transcriptomic datasets, which were merged to form the first customized dataset 

useful for H. stipulacea proteomic investigations. 

 

POSTER#7.5 

Validation of a filter aided sample preparation (FASP)-based label-free quantification approach for 

proteomics analysis of plant tissues 

Tatiana Leonova, Ihling C, Hoehenwarter W, Frolov A. 

Leibniz Institute of Plant Biochemistry, Weinberg 3, Halle, Germany  

Bottom-up proteomics of plants engages two main approaches to address the challenge of protein 

isolation. On the one hand, protein extraction with phenol/acetone/TCA represents a powerful 

technique, applicable to diverse biological materials including recalcitrant plant tissues. On the other, 

protein isolation can rely on treatments with detergent-based solutions. Quantitative proteolysis of such 

isolates, containing even hardly soluble plant proteins, can be accomplished by filter-aided sample 

preparation (FASP). This method represents an approach of protein digestion to yield proteolytic 

peptides for mass spectrometry-based analysis allowing sequential concentration of samples, detergent 

removal, buffer exchange, reduction, alkylation and enzymatic digestion of proteins in one filter device. 

However, integration of FASP with protein extraction techniques still requires optimization for plant 

samples and validation in terms of linearity and reproducibility. Therefore, here, we address a potential 

of these two protein isolation protocols in combination with FASP for quantification of Arabidopsis 

thaliana leaf and pea (Pisum sativum L.) seed proteins by LC-MS-based bottom-up proteomics.  To assess 

the linearity of the method, the proteins were isolated from plant tissues by phenol extraction, and dry 

protein pellets were reconstituted in 10% aq. (w/v) SDS solution. Then, the aliquots of pea seed protein 

were spiked with bovine serum albumin (BSA) in the following concentrations at 3.125, 6.25, 12.5, 25, 50, 

100% (w/w). The resulting protein mixtures were digested by the FASP approach and desalted by solid 

phase extraction (SPE). The analysis relied on nanoHPLC-ESI-LIT-Orbitrap MS. Identification of peptides 

relied on Proteome Discoverer 2.2 software. The linearity of the sample preparation methods was 

assessed for six proteotypic BSA peptides by Xcalibur software. The method delivered acceptable linear 

correlation (>0.9) for relative abundance of individual peptide signals and contents of spiked BSA in 

samples.  Further, we compared the linearity of two protein isolation methods – phenol extraction and 

treatment with SDS-based solution followed by incubation at 95°C. For this, pea seed powder was mixed 

with Arabidopsis leaf material in the following ratios: 9:1, 3:1, 1:1, 1:3, 1:9, 0:1. Then samples were 

subjected to phenol extraction or detergent-based approach. Digestion, pre-cleaning and analysis were 

performed as described above. The linearity of protein quantification was assessed for two proteins 

characteristic of Arabidopsis leaves and pea seeds each by Xcalibur software. Our results showed that 

detergent-based extraction gave access to better linearity for quantification of Arabidopsis leaf proteins 

in comparison to the phenol extraction which in turn can be required for extraction of protein from 

recalcitrant plant tissues. Therefore, both protein isolation methods can be considered as applicable for 
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FASP and subsequent MS-analysis. This work is supported by the Russian Foundation for Basic Research 

(grant № 20-34-90160). 

 

POSTER#7.6 

Known and novel proteins identified in mature rice (Oryza sativa L.) starch grain revealed by three 

diverse granule preparation methods 

Zachary Provost, Barnabas L, Demone JJ, Hansen EO, Flinn BS, Minic Z, Berezovski MV, and Altosaar I. 

University of Ottawa, 255 Bay Street, Ottawa ON, Canada  

Starch is the primary form of reserve carbohydrate storage in plants. Rice (Oryza sativa L.) is a monocot 

whose reserve starch is organized into compounded structures within the amyloplast, rather than a 

simple starch grain (SG). The mechanism governing the assembly of the compound SG from polyhedral 

granules in apposition, however, remains unknown. In an effort to further characterize the proteome 

associated with these compounded structures, three distinctive methods of starch granule preparation 

(dispersion, microsieve, and flotation) were performed. Phase separation of peptides (aqueous trypsin-

shaving and isopropanol solubilization of residual peptides) isolated starch granule-associated proteins 

(SGAPs) from the distal proteome of the amyloplast and the proximal ‘amylome’ (the amyloplastic 

proteome), respectively. These two rice starch-associated peptide samples were analyzed using nano-

liquid chromatography- tandem mass spectrometry (Nano-HPLC-MS/MS). Known and novel proteins as 

well as septum-like structure (SLS) proteins in the mature rice SG were found. Data mining and gene 

ontology software were used to categorize these putative plastoskeletal components as a variety of 

structural elements, including actins, tubulins, tubulin-like proteins, and cementitious elements like 

reticulata related-like (RER) proteins, tegument proteins, and lectins. The three methods described within 

this work show how the technique used to isolate SG’s differentially impacts the subsequent proteomic 

analysis. It can thus be concluded that future investigations must make judicious decisions regarding the 

methodology used in extracting proteomic information from the compound starch granules being 

assessed, since different methods are shown to yield contrasting results herein. 

 

POSTER#7.7 

Profiling the Infectome of Agrobacterium tumefaciens and Nicotiana benthamiana with Quantitative 

Proteomics for Molecular Farming 

Nick Prudhomme1, Pastora R2, McLean MD2, Cossar D2, Krieger J3, Sproule A4, Overy D4 and 
Geddes-McAlister J1 
 
1Department of Molecular and Cellular Biology, University of Guelph, Guelph ON, Canada. 
2PlantForm Corporation Canada, Toronto ON, Canada. 
3Bioinformatics Solutions Inc., Waterloo ON, Canada. 
4Agriculture and Agri-Food Canada, Ottawa ON, Cananda 
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Plant-based production systems for biopharmaceutical proteins provide an attractive alternative to 

mammalian cell, yeast, or bacterial systems. Benefits of this system include a reduced cost of drug 

development, scalability, rapid delivery of new products to the market, and an ability to provide safe and 

efficacious medicines for diseases. Although this platform offers excellent potential for therapeutic 

protein production, barriers still exist which impact the product yield and limit wider adoption of the 

technology. Challenges regarding purity and abundance of target proteins produced by agroinfiltration 

include post transcriptional gene silencing and unintended proteolysis, which restrict the transition to 

industrial use. Here, we use tandem mass tag systems and mass spectrometry-based proteomics to 

investigate the plant defense response, profile the changes to Agrobacterium tumefaciens during 

infection, and analyze how the interaction between host and pathogen changes throughout the infection 

process. In this project, we infiltrated 128 plants with A. tumefaciens grown in bioreactor or shaker flask 

conditions and collected leaf tissue at 0, 1, 3 and 7 dpi. We extracted proteins and subjected to mass 

spectrometry on an orbitrap tribrid mass spectrometer and identified over 2500 plant proteins and 350 

bacterial proteins. We are currently analyzing the data to observe culture and time-dependent responses 

to infection, along with optimal target protein production. In addition, we are profiling the metabolome 

of these samples to integrate the impact of infection at multiple molecular levels. We anticipate 

observing differences in the plant defense response based on culture conditions of the bacteria (e.g., 

bioreactor growth influences bacterial virulence factor production) to uncover novel biological insight 

into the relationship between host and pathogen and optimal growth and harvesting conditions to 

enhance applications of molecular pharming to provide insight into the systems-level responses of 

agroinfiltration from both the host and pathogen perspectives. 
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Luca Espen Università degli Studi di Milano Italy luca.espen@unimi.it P6.2, P6.3 
Sufia  Farhat Punjab technical university jallandhar India farhatsophie@gmail.com P1.9 
Ursla Fernando Agriculture and Agri-Food Canada  Canada ursla.fernando@canada.ca P3.2 
Joana Figueiredo University of Lisboa Portugal jffigueiredo@fc.ul.pt Oral 3.2 
Cinzia Franchin University of Padova Italy cinzia.franchin@unipd.it  
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Andrej Frolov Leibniz-Institute of Plant Biochemistry Germany afrolov@ipb-halle.de Oral 2.2, P3.1, P3.7, 
P4.2, P7.1, P7.5 

Nadezhda Frolova St. Petersburg State University Russia frolovanadja@yandex.ru P3.1 
Jennifer Geddes-McAlister University of Guelph Canada jgeddesm@uoguelph.ca Oral 3.1, P7.7 
Lilianne Gee University of Guelph Canada geel@uoguelph.ca 

 

Salvador Gonzalez-Gordo CSIC Spain salvador.gonzalez@eez.csic.es P1.1,P1.11 
Daria Gorbach St. Petersburg State University Russia daria.gorba4@yandex.ru P3.1, P4.2 
Estelle Goulas Lille University France estelle.goulas@univ-lille.fr P1.4 
Leonor Guerra-Guimarães Universidade de Lisboa Portugal leonorguimaraes@edu.ulisboa.pt Oral 3.2, P3.3 
Aslihan Gunel Ahi Evran University Turkey agunel@ahievran.edu.tr P3.5 
Mei Huang Agriculture and Agri-Food Canada  Canada mei.huang@canada.ca P3.2 
Maxence James UMR CNRS-Lille France maxence.james@unicaen.fr  P1.4 
Elisabeth Jamet Labo. de Recherche en Sciences Végétales France jamet@lrsv.ups-tlse.fr P1.10, P1.12 
Dominique Job CNRS France job.dominique@gmail.com 

 

Jesús V. Jorrín Novo University of Cordoba Spain bf1jonoj@uco.es P3.8, P4.7 
Ramesh Katam Florida A&M University USA ramesh.katam@famu.edu Oral 2.3 
Yana Kazachkova Weizmann Institute Israel yana.kazachkova@weizmann.ac.il 

 

Ahyoung Kim Leibniz Institute of Plant Biochemistry Germany  akim@ipb-halle.de Oral 2.2, P3.7 
Hasan Kolkas Labo. de Recherche en Sciences Végétales  France hasan.kolkas@lrsv.ups-tlse.fr P1.10, P1.12 
Bruno Komazec University of Zagreb Croatia bruno.komazec@biol.pmf.hr  P5.2 
Klára Kosová Crop Research Institute Czechia kosova@vurv.cz P4.1 
Karla Košpić University of Zagreb Croatia karla.kospic@biol.pmf.hr P5.4 
Maryke Labuschagne University of the Free State South Africa labuscm@ufs.ac.za P4.3 
Mélanie Lavoignat INRAE-UCA France melanie.lavoignat@inrae.fr 

 

Tatiana Leonova Leibniz Institute of Plant Biochemistry Germany tleonova@ipb-halle.de P7.5 
Boyan Liu University of Guelph Canada bliu13@uoguelph.ca Oral 3.1 
Tjaša Lukan National Institute of Biology Slovenia tjasa.lukan@nib.si 

 

Sabine Lüthje Universität Hamburg Germany sabine.luethje@uni-hamburg.de  

 

Wendy Lyzenga Global Institute for Food Security Canada wendy.lyzenga@gifs.ca P2.1 
Nasser Mahna University of Tabriz Iran n.mahna@gmail.com P5.1 
Madhyia Manzoor Sher-e-Kashmir University India madhiyamanzoor100@gmail.com P4.8 
Ascensión  Martínez Márquez University of Alicante  Spain  asun.martinez@ua.es P2.2, P7.3 
Antonio Masi University of Padova Italy antonio.masi@unipd.it Oral 1.3, P1.5, P4.5 
Silvia Mazzuca Department of Chem. & Chem. Technol. Italy silvia.mazzuca@unical.it P7.4,  
Athanassios Molassiotis Aristotle University of Thessaloniki Greece amolasio@agro.auth.gr INV Oral   
Yordan Muhovski Walloon Agricultural Research Centre Belgium y.muhovski@cra.wallonie.be  P6.4 
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Chiara Muratore University of Milan Italy chiara.muratore@unimi.it P6.2, P6.3 
José M. PALMA CSIC Spain josemanuel.palma@eez.csic.es P1.1, P1.11 
Petra Peharec Štefanić University of Zagreb Croatia ppeharec@biol.pmf.hr P5.2,P5.3 
Miroslav Perniš Plant Science and Biodiversity Center Slovakia miroslav.pernis@savba.sk P1.7, P4.4 
Carole Pichereaux CNRS France carole.pichereaux@ipbs.fr 

 

Amalia Piro University of Calabria Italy amalia.piro@unical.it P7.4,  
Bhakti Prinsi University of Milan Italy bhakti.prinsi@unimi.it Oral 2.1, P6.2, P6.3 
Zachary Provost University of Ottawa Canada zacharyprovost@icloud.com P7.6 
Nicholas Prudhomme University of Guelph Canada nprudhom@uoguelph.ca P7.7 
Natasa Radovanovic Agriculture and Agri-Food Canada  Canada natasa.radovanovic@canada.ca P3.2 
Christof Rampitsch Agriculture and Agrifood Canada Canada chris.rampitsch@canada.ca  P3.2, P3.5 
Michelle Rampitsch Agriculture and Agrifood Canada Canada michelle.rampitsch@canada.ca P3.2 
Jenny Renaut Luxembourg Inst. of Science and Technol. Luxembourg jenny.renaut@list.lu Oral 3.2, P3.3, P4.6 
María Dolores Rey University of Cordoba Spain b52resam@uco.es P3.8, P4.7 
Norbert Rolland Université Grenoble Alpes France norbert.rolland@cea.fr 

 

Bonoso San Eufrasio University of Cordoba Spain z82samab@uco.es P4.7 
Véronique Santoni INRAE France veronique.santoni@inrae.fr P2.3 
Rita Santos Universidade de Lisboa Portugal absantos@fc.ul.pt Oral 3.2, P3.6 
Alessio Scarafoni Università degli Studi di Milano Italy alessio.scarafoni@unimi.it Oral 2.1 
Kjell Sergeant Luxembourg Inst. of Science and Technol. Luxembourg kjell.sergeant@list.lu P4.6 
Vanildo Silveira Univ. Estadual do N. Fluminense Darcy 

Ribeiro 
Brazil vanildo@uenf.br P1.3 

Jun Song Agriculture and Agri-Food  Canada Canada jun.song@canada.ca INV Oral   
Katja Stare National Institute of Biology Slovenia katja.stare@nib.si 

 

Gopal Subramaniam Agriculture and AgrifoodCanada Canada rajagopal.subramaniam@canada.ca PLEN 3 
Agnieszka Szuba Polish Academy of Sciences Poland aszuba@man.poznan.pl P3.4 
Georgia Tanou Institute of Soil and Water  Greece gtanou@swri.gr INV Oral   
R. Glen Uhrig University of Alberta Canada ruhrig@ualberta.ca PLEN 2 
Marija Vidovic University of Belgrade Serbia mvidovic@imgge.bg.ac.rs P4.5 
Stefanie Wienkoop University of Vienna Austria wienkoop@gmx.net INV Oral   
John Withers BASF Regulatory Science USA john.withers@basf.com 

 

Dristy Zaman University of Western Ontario Canada rzaman3@uwo.ca P6.1 
Michel Zivy GQE-Le Moulon, Univ Paris-Saclay France michel.zivy@inrae.fr Oral 1.1, P1.12, P7.2 
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