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Forward

Welcome to the COST Action FA1106 “Qualityfruit” final meeting! It is our
pleasure to host this event in the centre of Porto, Portugal, at Faculty of Scie
University of Porto.
We welcome all the participants from European and non-European countries
wish that you may enjoy and actively participate in the scientific discussions
on the quality of the model fleshy fruit species, tomato and grapevine, and a
other fruit species.
Special emphasis will be given to the molecular events involved in fruit deve
and ripening, and to the environmental factors determining fruit yield and qu
also on resources, tools and methodologies for fleshy fruit research.
We sincerely hope you enjoy this event and leave Porto with fruitful ideas an
projects and new collaborations.

On the behalf of the COST FA1106 Management Committee and Local Org
the final Annual Meeting
Mondher Bouzayen
Chair of the Cost Action FA1106 “Quality Fruit”
Mario Pezzotti
Vice- Chair of the Cost Action FA1106 “Quality Fruit”
Jean-Marc Routaboul
Grant Holder
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Program Overview

 Thursday, October 6
9h00 – 12h30 Registration and poster setup
14h00 - 14h15 Welcome address and Introduction to the COST Action FA1106
Hernâni Gerós & Susana Carvalho (on the behalf of the local organizers)
Mondher Bouzayen (Chair) - Mario Pezzotti (Vice-Chair)
SESSION 1: “Fruit Development and Ripening”
Chairs: Kalliopi Angelakis Roubelakis & Arnaud Bovy
14h15-14h40 Zhengguo Li (Chonquing University,Chongqing, Chine)
Functional characterization of SlTIR1/AFBs auxin receptor family uncovers distinctive roles in regulating
growth and development in tomato
14h40-15h05 Hernâni Gerós (Universidade do Minho, Portugal)
Molecular, biochemical and biotechnological impacts of copper in grape berry (Vitis vinifera L.)
15h05-15h30 Livio Trainotti (University of Padova, Italy)
A ROOT GROWTH FACTOR/GOLVEN peptide hormone is involved in a regulatory circuit with
auxin and ethylene to regulate peach ripening
15h30-15h45 Guojian Hu ESR (INRA-INP, Toulouse, France)
Epigenetic changes underlying the genome-wide transcriptomic reprogramming of the flower-to-fruit transition
in tomato
15h45-16h05 Coffee-break
SESSION 1: “Fruit Development and Ripening” continued
Chairs: Sara Amâncio & Antonio Granell
16h05-16h30 Panos Kalaitzis (Maich, Chania, Greece)
A tomato prolyl 4 hydroxylase is involved in fruit development and abscission
16h30-16h55 Giovanni Battista Tornielli (University of Verona, Italy)
Functional characterization of a TTG2-like transcription factor involved in the regulation of vacuolar
transport and flavonoid biosynthesis in grapevine
16h55-17h20 Arnaud Bovy (PRI- Wageningen University, The Netherlands)
Large scale phenotyping of aroma in a tomato core collection
17h20-17h35 Luísa Carvalho ( ISA, University of Lisbon, Lisbon)
Gene selection for a qPCR array to analyse the response to abiotic stress in grapevine leaves
17h35-17h50 Neda Anicic ESR (University of Belgrade, Serbia) COST STSM
Chemical and trancriptomic analyses revealed the phenylpropanoid biosynthesis during development of
Cistus creticus subsp. Creticus fruit
17h50 -19h45 Poster Session
20h30

Gala Dinner
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 Friday, October 7
SESSION 2: “Environment factors determining fruit yield”
Chairs: Sladjana Savic & Angelos Kanellis
9h00-9h25

Ana Margarida Fortes (Universidade do Lisboa, Lisbon, Portugal)
Structural and Functional Analyses of the GRAS and LOB Gene Family in Grapevine Indicate a Role
of GRAS and LOB Proteins in the Control of Grape Ripening and Stress Responses

9h25-9h50

Rebecca Stevens (INRA, Avignon, France)
A systems biology study in tomato fruit reveals signaling from the ascorbate pool and links with translation
and the heat-shock response

9h50-10h15

Claudio Bonghi (Padova, Italy)
Impact of rootstock and vineyard practices on the grape berry development and composition

10h15-10h30 Artur Conde (Universidade do Minho, Braga, Portugal)
Kaolin foliar application has a stimulatory effect on phenylpropanoid and flavonoid pathways in grape
berries
10h30-10h50 Coffee-break
SESSION 3: “Fleshy Fruit Metabolism and quality”
Chairs: Gabriella Rapeanu & Jean-Marc Routaboul
10h50-11h15 Paul Fraser (Royal Holloway University of London, London, UK)
Expression of a Bacterial Carotene Desaturase/Isomerase in Tomato Mutants Reveals Feed-Forward
Regulation Resulting in b-carotene Accumulation
11h15-11h40 Martine Lemaire-Chamley ( INRA-Université de Bordeaux, Bordeaux, France)
Identification of a C2H2 transcription factor implicated in locular tissue differentiation in tomato
11h40-11h55 Jose Tomas Matus Picero (CRAG, Barcelona, Spain)
Genome-wide studies pave the way for the characterization of secondary metabolism regulators in the
grapevine berry: the journey of a decade
11h55-12h10 Baowen Huang ESR (INRA-INP, Toulouse, France)
Tomato class-D MADS-box genes impact both seed and fruit development
12h10-12h25 Juliana Almeida, ESR (Royal Holloway University of London, London, UK)
Down-regulation of tomato PHYTOL KINASE strongly impairs tocopherol biosynthesis and affects
prenyllipid metabolism in an organ-specific manner
12h30-14h00 Lunch
SESSION 4: “Resources, tools and methodologies for fleshy fruit research”
Chairs: Marilu Chiusano & Mohamed Zouine
14h00-14h25 Pietro Tonutti (Pisa, Italy)
Maintaining postharvest apple quality under extreme oxygen concentrations: molecular responses and
metabolic reset
14h25-14h50 Bart Nicolai (KU Luwen, Belgium)
Metabolomics and metabolic flux analysis of tomato fruit under hypoxia
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14h50-15h15 Asaph Aharoni (The Weizmann Institute of Science CITY, Rehovot, Israel)
Regulation of Suberin Polyester Biosynthesis: From Russeting Apples to Tomato Seed Coats
15h15-15h40 Giovanni Giuliano (ENEA, Rome, Italy)
The eggplant genome reveals key events in Solanaceae evolution
15h40-16h05 Elie Masa (INRA-INP, Toulouse, France)
TomExpress17b: the last version of the tomato transcriptomic platform
16h05-16h20 June Shin ESR (INRA-INP, Toulouse, France)
New insight on the regulation of fruit ripening: the link between auxin signaling and RIN developmental
factor
16h20- 16h40 Coffee Break
16h40- 17h40 General Discussion (WG leaders)
End of the Scientific meeting
MC meeting
17h30-19h00

(attendance restricted to Management Committee Members)

 Saturday, October 8
8h00 – 19h00 Technical visit to Douro Wine Region
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Communication abstracts
Invited speakers

Zhengguo Li (Chonquing University, Chongqing, China)
O1 - Functional characterization of SlTIR1/AFBsauxin receptor family uncovers distinctive
roles in regulating growth and development in tomato
Lin DB, Ren H, Xian ZQ, Li ZQ* (zhengguoli@cqu.edu.cn)
School of Life Sciences, Chongqing University, Chongqing 401331, China
The TIR1/AFB auxin receptor protein family has been extensively studied in Arabidopsis thaliana, where these
proteins are crucial for auxin regulation of many aspects of growth and development. However, little is known
about how TIR1/AFB homologues engage in auxin signaling in important crop species. Here, the functional
characterization of SlTIR1/AFB family was investigated in tomato (Solanum lycopersicum). SlTIR1/AFB genes
displayed distinct expression patterns in different tomato tissues and organs. Functional characteristics of SlTIR1/AFB auxin receptor were analyzed through interaction assays with Arabidopsis and tomato AUX/IAAs
proteins. Our results showed that Sl-TIR1/AFBs auxin receptors differently interacted with Aux/IAA proteins in an
auxin-dependent manner, which form different TIR1/AFB-auxin-AUX/IAA co-receptor in tomato. At transcriptional
level, the expression of Aux/IAAs and ARFs genes were differently modulated by SlTIR1/AFBs. Transgenic
functional analysis showed that SlTIR1/AFBs exhibited distinct roles in regulating root growth, floral morphology
and fruit development. Overexpression of SlTIR1A altered floral morphology and induced precocious fruit
development. Overexpression of SlTIR1B produced morphological changes and affected ovule fertility. Conversely,
down-regulation of SlAFB4 altered root growth. We further found that miR393-targeted SlAFB6 was involved in
compound leaves. In conclusion, this work reveals specific roles for tomato TIR1/AFB auxin receptor in plant and
fruit developmental processes, and further provides new insights into the importance of TIR1/AFB-mediated
regulation of auxin signaling in tomato.

Hernâni Gerós (Universidade do Minho, Portugal)
O2 - Molecular, biochemical and biotechnological impacts of copper in grape berry (Vitis
vinifera L.)
Viviana Martins1,2, António Teixeira1,2, Elias Bassil3, Mohsen Hanana4, Eduardo Blumwald3 and
Hernâni Gerós1,2 (geros@bio.uminho.pt)
1 Centro de Investigação e de Tecnologias Agro-Ambientais e Biológicas (CITAB), Portugal
2 Grupo de Investigação em Biologia Vegetal Aplicada e Inovação Agroalimentar – Agrobioplant, Departamento
de Biologia, Escola Ciências, Universidade do Minho, Campus de Gualtar, Braga, 4710-057, Portugal
3 Dept of Plant Sciences, University of California, One Shields Ave, Davis, 95616, USA
4 Laboratoire de Physiologie Moléculaire des Plantes, Centre de Biotechnologie de Borj Cedria, BP 901,
Hammam-Lif, 2050, Tunisia
Since the development of Bordeaux mixture in the late 1800’s, copper-based fungicides have been widely used
against grapevine (Vitis vinifera L.) diseases, mainly in organic but also in conventional viticulture, but the effects
at grape berry level remained largely unexplored. In the present study, we showed that copper affects the growth
and viability of grape cells, and transport across the plasma membrane is mediated by a high capacity saturable
transport system that was regulated by copper availability in the culture medium, while a H+-dependent antiport
system operates at the tonoplast. Prospection of the grapevine genome revealed the presence of eight putative
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copper transporters (VvCTrs), and the function of the vacuolar VvCTr1 was demonstrated by phenotype
complementation of yeast ctrΔ strains and Arabidopsis copt5 seedlings. In a field experiment, VvCTrs expression
was studied by qPCR in grape berries and leaves cv. “Vinhão” throughout the fructification season. The
application of Bordeaux mixture induced a transcriptional reprogramming of VvCTrs expression depending on the
developmental stage, which was associated to increased copper levels in berries. Metabolomics analysis by GCTOF-MS showed that Bordeaux mixture also caused modifications on the levels of sugars, organic acids and
flavan-3-ols at specific developmental stages. A 40% decrease of free natural amino acids including arginine and
proline was observed in mature fruits, together with a decrease in mineral nitrogen and protein content. Analysis
of the wine volatile composition showed that increased copper levels promoted a decrease in the levels of higher
alcohols, including isoamyl alcohol, aldehydes, including acetaldehyde, esters of organic acids, lactones, volatile
phenols and ketones, while increasing the levels of acetates, volatile fatty acids, fatty acid ethyl esters and
terpenes, namely linalool. Besides its importance at a scientific standpoint, the present study contributed to
elucidate the effect of copper-based fungicides in grape berry composition and wine quality.
Acknowledgements: VM is supported by Fundação para a Ciência e a Tecnologia (post-doctoral grant
SFRH/BPD/107905/2015).

Livio Trainotti (University of Padova, Italy)
O3 - A ROOT GROWTH FACTOR/GOLVEN peptide hormone is involved in a regulatory
circuit with auxin and ethylene to regulate peach ripening
Busatto N1,3, Resentini F1, Salvagnin U1,3, Quaresimin S1, Navazio L1, Marin O2 and Trainotti L1
(livio.trainotti@unipd.it)
1 University of Padova, Department of Biology, Padova, Italy
2 University of Padova, Department of Biomedical Sciences, Padova, Italy
3 present address: Fondazione E. Mach, S. Michele a/A, Trento, Italy
Peach (Prunus persica) fruit ripening occurs rapidly. Peach ripening largely depends on the action of auxin, which
induces the expression of PpACS1, thus triggering the synthesis of system 2 ethylene. Transcriptomic data have
highlighted hormone peptides as possible players in the crosstalk between auxin and ethylene during peach
ripening.
In peach there are at least nine ROOT GROWTH FACTOR/GOLVEN (RGF/GLV) encoding genes of which CTG134
is expressed in fruit only at ripening. CTG134 expression is induced by auxin and 1-MCP and repressed by
ethylene. Both the overexpression of CTG134 and exogenous applications of a synthetic form of the peptide alter
root hair number and morphology and fruit development in both tobacco and Arabidopsis. Moreover, in
Arabidopsis seedlings the CTG134 peptide alters the expression of genes involved in auxin and ethylene
synthesis, transport, perception and transduction, supporting the hypothesis of its involvement in the molecular
interaction between the two hormones.
The identification of the biological role(s) of signalling peptides during fruit development is still in its infancy;
nonetheless, preliminary data seem to support their function during peach ripening, thus making them good
candidates for the rational design of environmental-friendly agrochemicals useful to improve peach storability.
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Panos Kalaitzis (Maich, Chania, Greece)
O4 - A tomato prolyl 4 hydroxylase is involved in fruit development and abscission
Kalaitzis P1, Perrakis A1, Kaloudas D1, Driouich A2, Bita E1, Krokida A1, Giannoutsou E3, Arhondakis
S1, Blazakis K1, Azariadis A1, Alatsathianos I1 (panagiot@maich.gr)
1 Dept Horticultural Genetics & Biotechnology, Mediterranean Agronomic Institute at Chania, Alsyllio Agrokipiou,
Chania, Greece
2 Glycobiology Group, University of Rouen, Rouen, France
3 Lab of Botany, Dept of Biology, Kapodistrian University of Athens, Athens, Greece
Proline hydroxylation is a major post-translational modification of hydroxyproline-rich glycoproteins (HRGPs) that
is catalyzed by prolyl 4-hydroxylases (P4Hs). Their involvement in plant growth and development has been
recently investigated in Arabidopsis, tobacco and carnation. Therefore, transgenic tomato plants expressing an
RNAi construct were produced in order to suppress tomato P4H3 which was expressed during fruit development
and ripening. All of the lines exhibited a reduction in fruit diameter while the number of viable seeds was
significantly reduced. Towards investigation of the fruit size reduction phenotype, the gene expression of
Arabinogalactan proteins (AGPs) was determined during stages of fruit cell division and expansion while their
protein levels were determined using an immunolocalization approach. A delay was also observed in fruit pedicel
abscission which was associated with expression of key abscission progression genes. Moreover, alterations were
observed on the growth of flower pedicels with regard to abscission zone position and the AGPs content was
determined in the abscission zones using an immunolocalization approach. The results indicate that suppression
of tomato P4H might be responsible for a reduction in AGPs content. Collectively, these results indicate that the
target P4H3 plays a significant role in tomato fruit development and abscission.

Giovanni Battista Tornielli (University of Verona, Italy)
O5 - Functional characterization of a TTG2-like transcription factor involved in the
regulation of vacuolar transport and flavonoid biosynthesis in grapevine
Amato A, Cavallini E, Finezzo A, Pezzotti M, Zenoni S and Tornielli GB (giovannibattista.tornielli@univr.it)
Department of Biotechnology, University of Verona, Strada Le Grazie 15, 37134 Verona, Italy
The WRKY gene family represents a plant-specific class of zinc-finger transcription factors (TFs) mainly known for
their involvement in abiotic and biotic stress response, even though few members have been shown to play roles
in various developmental and physiological processes. This is the case for TTG2 from Arabidopsis and PH3 from
Petunia, two well-characterized orthologs ascribed to a separate clade associated to peculiar regulatory functions.
Despite their high similarity, the biological role of these regulators is different in their native species, with PhPH3
controlling vacuolar acidification in petal epidermal cells and AtTTG2 controlling trichome development, and
proanthocyanidin production in the seed coat.
In this study we functionally characterized VvWRKY26 that we identified as the closest grapevine homolog to
PhPH3 and AtTTG2. VvWRKY26 can fulfill the PhPH3 function in the regulation of vacuolar pH when
constitutively expressed in petunia ph3 mutant. The global coexpression analysis and the analysis of Vitis vinifera
plants with an altered expression of VvWRKY26 revealed transcriptomic relationships with many genes related to
acidification and trafficking. Moreover, our results indicate the involvement in the flavonoid pathway, mainly in the
control in proanthocyanidin biosynthesis. Expression analysis and in situ hybridization showed that VvWRKY26
gene expression is localized in different berry and seed tissues, suggesting a role in the final berry characteristics
at ripening.
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Arnaud Bovy (PRI- Wageningen University, The Netherlands)
O6 - Large-scale phenotyping of aroma in a tomato core collection
Bovy A1, Tikunov Y1, Rambla J-L2, Granell A2, Fischer J3 and Zamir D3 (arnaud.bovy@wur.nl)
1 Wageningen University and Research, Department of Plant Breeding, Wageningen, Netherlands
2 Instituto de Biología Molecular y Celular de Plantas (IBMCP), Consejo Superior de Investigaciones Científicas,
Universidad Politécnica de Valencia, Valencia, Spain
3 The Robert H. Smith Institute of Plant Sciences and Genetics in Agriculture, Faculty of Agriculture, The Hebrew
University of Jerusalem, Rehovot, Israel
Breeders are always looking for novel variation to improve their crop. Traditionally tomato breeding focused on
producer traits such as yield and disease resistance, but in recent year fruit quality, and in particular flavour
gained more attention. Tomato flavour is determined by a complex interaction of sugars, acids and volatile
compounds. The latter group of compounds is generally measured by GC-MS. Although this technology is well
established, its main disadvantages are its low throughput due to sample preparation and run time. Proton
Transfer Reaction Mass Spectrometry (PTR-MS) is an alternative technology to detect volatile metabolites in fruits.
It can be used on fresh fruit, is very sensitive and has a very high throughput.
We screened red ripe fruits of a tomato core collection of 500 sequenced tomato accessions for variation in the
volatile metabolome, using PTR-MS and compared the results with those obtained by SPME-GC-MS. For most
flavour-related volatiles, PTR-MS results correlated well with those of GC-MS. However, some volatiles can only be
detected with PTR-MS, while others only by SPME-GC-MS and in that sense the techniques are complementary.
The core collection displayed a large variation in all the known flavour-related volatiles. These data will be used in
a GWAS analysis to find QTLs and key genes determining the levels of these compounds in the fruit.

Ana Margarida Fortes (Universidade do Lisboa, Lisbon, Portugal)
O7 - Structural and functional analyses of the GRAS and LOB gene family in grapevine
indicate a role of GRAS and LOB proteins in the control of grape ripening and stress
responses
Jérôme Grimplet1, Diana Pimentel2, Patricia Agudelo-Romero2, Jose Miguel Martinez-Zapater1, Ana
Margarida Fortes2 (amfortes@fc.ul.pt)
1 Instituto de Ciencias de la Vid y del Vino (CSIC-Universidad de La Rioja-Gobierno de La Rioja), Logroño, Spain
2 Universidade de Lisboa, Faculdade de Ciências de Lisboa, BioISI, Campo Grande, Lisboa, Portugal
GRAS and LOB are transcription factors involved in many processes of plant growth and development as well as
abiotic and biotic stress responses. However, little information is available concerning these genes families in
grapevine (Vitis vinifera L.). We performed a model curation of genes identified in the latest genome annotation
leading to the identification of 52 GRAS genes and 50 LOB genes. Gene models were improved and new genes
were identified that could be grapevine- or woody-plant specific. Phylogenetic analysis showed that GRAS genes
could be classified into 13 groups and LOB genes into two classes. Multiple sequence alignment showed typical
GRAS domain in the proteins and new motifs were also described. In LOB domain proteins the zinc finger-like
domain was conserved; the leucine zipper-like motif was absent in class II. Expression patterns across a variety
of tissues and upon abiotic and biotic conditions revealed possible divergent functions of GRAS and LOB genes in
grapevine development and stress responses. Promoter analysis of LOB genes revealed several transcription
factor binding sites associated with development and abiotic and biotic stress responses. Candidate genes that
might constitute transcriptional regulators of grape ripening were identified. Altogether this study provides robust
candidate genes for future functional analysis aiming at improving the quality of fleshy fruits.
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Rebecca Stevens (INRA, Avignon, France)
O8 - A systems biology study in tomato fruit reveals signaling from the ascorbate pool and
links with translation and the heat-shock response
Rebecca G Stevens1, Pierre Baldet2, Jean-Paul Bouchet1, Mathilde Causse1, Catherine Deborde2,3,
Claire Deschodt1, Mireille Faurobert1, Cécile Garchery1, Virginie Garcia2, Hélène Gautier4, Barbara
Gouble5, Mickaël Maucourt2,3, Annick Moing2,3, David Page5, Johann Petit2, Jean-Luc Poëssel1,
Vincent Truffault1 and Christophe Rothan2 (rebecca.stevens@inra.fr)
1 Institut National de la Recherche Agronomique (INRA), UR1052, Génétique et Amélioration des Fruits et
Légumes, CS60094, 84143 Montfavet, France
2 INRA, Université de Bordeaux, UMR1332, Biologie du Fruit et Pathologie, CS20032, 33140 Villenave d'Ornon,
France
3 Plateforme Métabolome du Centre de Génomique Fonctionnelle Bordeaux, Centre INRA de Bordeaux, 33140
Villenave d'Ornon, France
4 INRA, UR1115, Plantes et Systèmes de culture Horticoles, CS40509, 84914 Avignon Cedex 9, France
5 INRA, Université d’Avignon et des Pays du Vaucluse, UMR408 Sécurité et Qualité des Produits d’Origine
Végétale, 84000 Avignon, France
Plants with lowered activity of enzymes catalyzing the final step of ascorbate synthesis or the equilibrium between
reduced and oxidized forms have highly pleiotropic phenotypes suggesting regulatory roles for ascorbate and its
oxidized forms. Network analysis of the transcriptome, proteome and key metabolites of RNAi lines for ascorbate
oxidase, monodehydroascorbate reductase and galactonolactone dehydrogenase has been carried out in orange
fruit pericarp of tomato (Solanum lycopersicum). We show a transcriptional switch-type response with expression
profiles in ascorbate oxidase lines being inversed compared to the monodehydroascorbate reductase and
galactonolactone dehydrogenase lines. Differentially expressed genes are linked to ribosome biogenesis and
translation. The inversion between the transcriptome signatures is not specific to tomato fruit as it is conserved in
Arabidopsis. The transcriptome response is not correlated with accumulated proteins which, with the metabolites,
are correlated to the activity of the ascorbate redox enzymes. Differentially accumulated proteins include
metacaspase, protein disulphide isomerase, chaperone DnaK and carbonic anhydrase and the metabolites
chlorogenic acid, dehydroascorbate and alanine. Hub genes are related to signaling, the heat-shock response
and ribosome biogenesis. This study in a non-photosynthetic tissue reveals signaling from the ascorbate pool
related to the heat-shock response, translation and protein synthesis.

Claudio Bonghi (Padova, Italy)
O9 - Impact of rootstock and vineyard practices on the grape berry development and
composition
Massimiliano Corso1, Alessandro Vannozzi2, Margherita Lucchin2,3, Claudio Bonghi2,3
(claudio.bonghi@unipd.it)
1 Lab. Physiologie et de Génétique Moléculaire des Plantes, Campus-Plaine ULB, Bd du Triomphe, Brussels,
Belgium
2 DAFNAE, University of Padova, Viale dell’Università, 16 Legnaro (PD) Italy
3 Centro Interdipartimentale per la Ricerca in Viticoltura ed Enologia (CIRVE) Via XXVIII Aprile, Conegliano (TV),
Italy
Viticulturists adopt different strategies to cope with climate changes, such as the use of rootstocks able to confer
tolerance/resistance to abiotic stresses (drought, salinity etc.) and vineyard practices able to modulate grape
berry development and ripening. In this context, the impact of a new drought-tolerant rootstock, called M4, on
Cabernet Sauvignon (CS) berry development will be presented and discussed. Physical and biochemical
parameters showed that CS berries have a faster ripening rate when plants are grafted onto M4 rather than
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1103P rootstock. A multifactorial analysis performed on mRNA-Seq data obtained from skin and pulp of berries
grown in both CS/M4 and CS/1103P graft combinations revealed that one of the main categories affected by the
rootstock genotype is represented by genes involved in auxin action and metabolism. Together with the use of
rootstock, some other vineyard practices are used to modulate grape berry ripening and quality. Amongst them is
a practice called “Double Maturation Raisoned” (DMR), which consists in cutting fruit-bearing vines followed by a
“reasoned” harvest, modifying the grape berry composition when climate conditions are not adequate for a
correct evolution of ripening. Our results pointed out that DMR is able to deeply modify the accumulation of
polyphenols and terpenes in berries changing the ratio between polyphenolic compounds and exalting the
aromatic bouquet. This alteration in secondary metabolism appears to be related to the transcriptional regulation
of genes involved in water-stress responses.

Paul Fraser (Royal Holloway University of London, London, UK)
O10 - Expression of a bacterial carotene desaturase/isomerase in tomato mutants reveals
feed-forward regulation resulting in β-carotene accumulation
Eugenia MA Enfissi, Marilise Nogueira, Peter M Bramley, and Paul D Fraser (p.fraser@rhul.ac.uk)
School of Biological Sciences, Royal Holloway, University of London, Egham, Surrey, TW20 OEX, UK
Carotenoid biosynthesis in plants includes a complex series of desaturation/isomerisation reactions, catalysed by
four independent enzymes. In bacteria and fungi one desaturase/isomerase enzyme completes the same series
of reactions. In the present study, a bacterial desaturase (crtI) from Pantoea ananatis has been overexpressed in
the tangerine mutant of tomato (Solanum lycopersicon) which accumulates cis carotene isomers in the fruit due
to a defective isomerase (CRTISO) and the old gold crimson (ogc) tomato mutant, which is defective in the fruitenhanced lycopene β-cyclase (CYCB). Comprehensive molecular and biochemical characterisation of the
resulting lines expressing crtI has revealed negative feedback mechanisms, acting predominantly at the level of
phytoene synthase-1 (PSY1), and feed-forward mechanisms inducing cyclisation. In both cases, transcriptional
regulation appears to be the progenitor, with subsequent post-transcriptional modulation highlighting the
complexity of the processes involved in modulating carotenoid homeostasis in plant tissues.

Martine Lemaire-Chamley (INRA-Université de Bordeaux, Bordeaux, France)
O11 - Identification of a C2H2 transcription factor implicated in locular tissue
differentiation in tomato
Viron N1,2, Jorly J1,2, Brès C1,2, Mauxion JP1,2, Garcia V1,2 Wong Jun Tai F1,2, Rothan C1,2 and
Lemaire-Chamley M1,2 (martine.lemaire@bordeaux.inra.fr)
1 INRA, UMR 1332 de Biologie du fruit et Pathologie, F-33140 Villenave d'Ornon, France
2 Univ. Bordeaux, UMR 1332 de Biologie du fruit et Pathologie, F-33140 Villenave d'Ornon, France
In tomato, locular tissue or gel differentiates from the fruit central axis after ovule fertilization. Cells from the
locular tissue are then undergoing cell division and cell expansion which lead to the formation of a gelatinous
tissue surrounding the seeds.
As a consequence of tomato transformation using a RNAi construct, we isolated a transgenic line with a fruit gel
less phenotype. Fruits from homozygous plants were indeed characterized by a total absence of locular tissue, a
change in seed shape and an increase of fruit firmness. According to molecular data, we demonstrated that this
phenotype was linked to an insertion in tomato genome. Using a combination of genetic and NGS mapping, we
were able to identify the mutation as the insertion of a Ty1/copia retrotransposon in the coding sequence of a
C2H2 Zinc Finger gene.
The expression profile of this gene in tomato organs and during fruit development is consistent with the specific
phenotypes observed. The generation of KO lines by CRISPR/Cas9 allows us to confirm the function of this C2H2
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in fruit development. In-depth molecular and physiological study of the gel less mutant line will be conducted to
evaluate the consequences of gel less mutation on tomato fruit quality and to elucidate the role of this
transcription factor in locular tissue differentiation.

Pietro Tonutti (Scuola Superiore Sant’Anna, Institute of Life Sciences, Pisa, Italy)
O12 - Maintaining postharvest apple quality under extreme oxygen concentrations:
molecular responses and metabolic reset
Tonutti P and Brizzolara S (pietro.tonutti@sssup.it)
Institute of Life Sciences, Scuola Superiore Sant’Anna, Pisa, Italy
Oxygen concentrations of around 1 kPa and lower are applied in storage protocols such as ILOS, ULO and, more
recently, Dynamic Controlled Atmosphere (DCA) with benefits in terms of quality maintenance, delay of ripening
and senescence, and prolonging commercial life of several apple cultivars. Since these low oxygen
concentrations are very close to the anaerobic compensation point the risk of severe quality losses due to the
anaerobic metabolism (e.g. fermentation) and the onset of disorder is high. Apples varieties react differently to
such extreme hypoxic stress. Considering Granny Smith as one of the “model” varieties nowadays stored in DCA,
more than 1,000 genes result differentially expressed when comparing samples kept under 0.4 vs. 0.8 kPa
oxygen concentration, conditions applied in DCA. Several of these DEG appear to be directly involved in qualityrelated metabolisms. Transcription factors result to be selectively affected in particular considering the eight
genes belonging to the group VII ERF (Ethylene Responsive Factors and the N-end rule pathway (NERP) involved
in oxygen sensing mechanism seems to be active also in apple cortex. The modulation of this mechanism might
be related to the observed metabolic (volatile and non volatile compounds) difference observed in Granny Smith
and Red Delicious apples stored under ULO (1kPa ox) and DCA (around 0.5 kPa ox) protocols, starting from
primary metabolism and the accumulation of fermentation products.

Bart Nicolai (KU Luwen, Belgium)
O13 - Metabolomics and metabolic flux analysis of tomato fruit under hypoxia
Nicolaï BM, Ampofo J and Hertog MLATM (bart.nicolai@kuleuven.be)
BIOSYST/MeBioS, KU Leuven, Heverlee, Belgium
In this presentation we will introduce metabolic pathway modelling as a powerful novel tool to extract information
from large-scale omics datasets and dissect pathways related to the postharvest behaviour of tomato fruit with
unprecedented resolution. The methodology is based on metabolomics and chemical reactor engineering and
combines first principles based models for biophysical phenomena such as transport of metabolic gases with
kinetic equations for metabolite conversion and regulation at the metabolomic level through mechanisms such as
allosteric control and mass action. We will show how fluxomics techniques that combine advanced metabolomics
experiments involving labeled substrates with computational algorithms are essential to identify and characterise
such metabolic pathway models. We will also indicate how such models can be extended to incorporate
regulation at the transcriptomic and posttranslational level. We will illustrate the concepts with examples of
pathway models for the respiration metabolism of tomato cells in hypoxic conditions and identify future research
needs in this area.
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Asaph Aharoni (The Weizmann Institute of Science CITY, Rehovot, Israel)
O14 - Regulation of suberin polyester biosynthesis: from russeting apples to tomato seed
coats
Lashbrooke JG3, Costa F2 and Aharoni A1 (asaph.aharoni@weizmann.ac.il)
1 The Weizmann Institute of Science CITY: Rehovot 76100 Israel
2 Research and Innovation Centre, Foundazione Edmund Mach CITY: San Michele all'Adige STATE: TN Italy
3 Agricultural Research Centre, Stellenbosch, POSTAL_CODE: 7700 South Africa
Suberin, a polymer composed of both aliphatic and aromatic domains, is deposited as a rough matrix upon plant
surface damage and during normal growth in the root endodermis, bark, specialized organs (e.g., Solanum
tuberosum (potato) tubers), and seed coats. To identify genes associated with the developmental control of
suberin deposition, we investigated the chemical composition and transcriptomes of suberized Solanum
lycopersicum (tomato) and russet apple (Malus x domestica) fruit surfaces. Consequently, a gene expression
signature for suberin polymer assembly was revealed that is highly conserved in angiosperms. Seed permeability
assays of knockout mutants corresponding to signature genes revealed regulatory proteins (i.e., AtMYB9 and
AtMYB107) required for suberin assembly in the Arabidopsis thaliana seed coat. Seeds of myb107 and myb9
Arabidopsis mutants displayed a significant reduction in suberin monomers and altered levels of other seed coatassociated metabolites. They also exhibited increased permeability, and lower germination capacities under
osmotic and salt stress. AtMYB9 and AtMYB107 appear to synchronize the transcriptional induction of aliphatic
and aromatic monomer biosynthesis and transport and suberin polymerization in the seed outer integument layer.
Collectively, our findings establish a regulatory system controlling developmentally deposited suberin, which likely
differs from the one of stress-induced polymer assembly recognized to date.

Giovanni Giuliano (ENEA, Rome, Italy)
(giovanni.giuliano@enea.it)
O15 - The eggplant genome reveals key events in Solanaceae evolution
The eggplant genome consortium
Using a combination of Illumina sequencing and optical mapping, we produced a high quality genome draft of
the eggplant (S. melongena L.) ’67/3’ inbred line. The sequence was anchored to the 12 chromosomes using a
Recombinant Inbred (RIL) population and used for comparative studies with the tomato, potato and pepper
genomes. The eggplant genome is 1.2 Gbases long and contains 39,922 predicted genes, of which 4,607 are of
organellar origin and 3,234 are paralogs generated by the whole genome ‘T’ triplication event. The latter are
enriched in transcription factor genes in all four Solanaceae studied, suggesting that the ‘T’ event has increased
the diversity of regulatory genes, contributing to the vast morphological and physiological diversity of Solanaceae.
A second mechanism contributing to functional diversity is the rapid evolution of miRNA:mRNA regulatory pairs,
whose vast majority was predicted computationally to be species-specific, rather than conserved across the
Solanaceae family. A reconstruction of the ancestral Solanaceae, Solanum and Potatoe genome complements
highlighted the chromosome rearrangements that led to the present-day chromosomal composition of the four
Solanaceae. The four genomes underwent explosive colonization by transposable elements at very different times,
with pepper and eggplant being the most ancient and recent (~3 mya and (0.3 mya). Orthologs of tomato
ripening-associated genes showed different patterns of regulation across the Solanaceae family: genes involved in
ethylene-independent ripening control, ethylene sensing and signal transduction, light signal transduction and
chlorophyll degradation had more evolutionary conserved patterns of expression than those involved in ethylene
biosynthesis, light perception, carotenoid/phenylpropanoid biosynthesis, and fruit softening. Species-specific
tandem amplification of R genes provided a structural basis for the differential pathogen sensitivity of Solanaceae,
while the absence of a glycoalkaloid gene cluster on chromosome 12 is the likely cause for the absence of this
class of secondary metabolites in pepper.
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Elie Masa (INRA-INP, Toulouse, France)
O16 - TomExpress17b: the last version of the tomato transcriptomic platform
Maza E, Djari A, Frasse P, Smouni A, Bouzayen M and Zouine M (Elie.Maza@ensat.fr)
Université de Toulouse, INPT, Institut National Polytechnique de Toulouse; UMR 990 INRA / INP-ENSAT, GBF,
France; Laboratoire Génomique et Biotechnologie des Fruits
TomExpress platform is an RNA-Seq resource developed to provide the tomato community with a dedicated
browser and tools for public RNA-Seq data handling, visualization and mining. After a brief description of the
structure and main features of TomExpress, we will emphasize the evolution of this transcriptomic platform into
its last version named TomExpress17b where “17” and "b" stand for “2017” and "beta" respectively. The main
improvement first concerns the increased amount of data gathered now by the platform which represents twice
more data than in the previous version. We will then describe some characteristics of these new data like, for
instance, the inclusion of transcriptomic data corresponding to new organs, tissues, and covering a larger range
of biological characters and experimental conditions. We will also present some global characteristics of gene
expressions, and give some examples of gene expression profiles. We will finally give some meaningful insight on
the future versions currently under construction.
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Short oral communications
Guojian Hu ESR (INRA-INP, Toulouse, France)
O17 - Epigenetic changes underlying the genome-wide transcriptomic reprogramming of
the flower-to-fruit transition in tomato
Guojian Hu1,2, Pierre Frasse1,2, Elie Maza1,2, Anis Djari1,2, Mondher Bouzayen1,2, Mohamed
Zouine1,2 (hu.guojian0309@gmail.com)
1 Université de Toulouse, INP-ENSA Toulouse, Génomique et Biotechnologie des Fruits, Avenue de l'Agrobiopole
BP 32607, Castanet-Tolosan F-31326, France
2 INRA, Génomique et Biotechnologie des Fruits, Chemin de Borde Rouge, Castanet-Tolosan, F-31326, France
Fruit set is an important process for fruit yield and seeds formation. However, the underlying mechanisms
triggered by pollination and fertilization is still unclear. In this study, by integrating chromatin
immunoprecipitation followed by sequencing (ChIP-seq) and transcriptomic profiling, we determined epigenomic
scale of gene transcription in unpollinated and pollinated ovaries of tomato. Genome-wide histone modification
profiling revealed 73% of tomato genes at least associating with one of three histone marks (H3K9ac, H3K4me3
or H3K27me3). Combinatory data analysis revealed the conserved positive correlation between H3K4me3 (or
H3K9ac) and gene transcription while repressive relationship between H3K27me3 and gene transcription.
Interestingly, H3K27me3 regions were broader and showed higher association with intergenic regions than
previously reported in Arabidopsis. In addition, H3K9ac and H3K4me3 were found synergistically associated with
transcription, while they are mutually exclusive with H3K27me3 on gene transcription. Concerning the dynamic
change of histone marks during the transition from flower to fruit, we found that up to 80% of genes showing
active mark change also showed significant transcription alteration, and these genes were enriched in critical
subordinated processes for fruit set, e.g cell proliferation and DNA replication. On contrast, changes of
H3K27me3 did not give obvious alteration of gene expression in this study, but a number of transcription factors
involving in developmental processes such as homeobox and MADS-box genes, and central hormone pathways
were significantly associated with H3K27me3 during fruit set. Altogether, our study provides new insight into
gene regulation for fruit set at the epigenetic level.

Neda Aničić ESR (University of Belgrade, Serbia) COST STSM
O18 - Chemical and transcriptomic analyses revealed the phenylpropanoid biosynthesis
during development of Cistus creticus subsp. creticus fruit
Aničić N1, Papanikolaou A2, Kanioura A2, Mišić D1, Skorić M1, Kanellis AK2
(neda.anicic@ibiss.bg.ac.rs)
1 Institute for Biological Research “Siniša Stanković“, Department for Plant Physiology, University of Belgrade,
Bul. despota Stefana 142, 11060 Belgrade, Serbia
2 Group of Biotechnology of Pharmaceutical Plants, Laboratory of Pharmacognosy, Department of
Pharmaceutical Sciences, Aristotle University of Thessaloniki, 541 24 Thessaloniki, Greece
The molecular and chemical background of phenylpropanoid biosynthesis and regulation during development of
Cistus creticus subsp. creticus fruit was investigated in relation to the genes controlling fruit devolvement and
ethylene biosynthesis and perception. Large-scale transcriptome sequencing data in combination with the
chemical analyses in four developmental stages of C. creticus fruit were mined for genes putatively involved in
the phenylpropanoid biosynthesis. The results revealed significant changes in the concentration of major phenolic
constituents and the corresponding candidate genes’ expression levels during fruit development, thus indicating
that phenylpropanoid biosynthesis is developmentally regulated in Cistus fruit. Insight into the mechanisms of
phenylpropanoid accumulation during fruit development of this species, studied here for the first time, will enable
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isolation and functional characterization of novel genes involved in flavonoid biosynthesis (namely catechins) in
the future (This work was supported by Cost Action FA1106 QualityFruit-STSM to N.A, and grants to AKK).

Artur Conde (Universidade do Minho, Braga, Portugal)
O19 - Kaolin foliar application has a stimulatory effect on phenylpropanoid and flavonoid
pathways in grape berries
(arturconde@bio.uminho.pt)
Artur Conde1,2, Diana Pimentel1,2, Andreia Neves1,2, Lia-Tânia Dinis1, Sara Bernardo1, Carlos
Manuel Correia1, Hernâni Gerós1,2,3 and José Moutinho-Pereira1
1 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of
Trás-os-Montes e Alto Douro, Apt. 1013, 5000-801 Vila Real, Portugal
2 Grupo de Investigação em Biologia Vegetal Aplicada e Inovação Agroalimentar (AgroBioPlant), Departamento
de Biologia, Universidade do Minho, 4710-057 Braga, Portugal
3 Centre of Molecular and Environmental Biology (CBMA), Department of Biology, University of Minho, Braga,
Portugal
Drought, elevated air temperature and high evaporative demand are increasingly frequent during summer in
grape growing areas like the Mediterranean basin, limiting grapevine productivity and berry quality. The foliar
exogenous application of kaolin, a radiation-reflecting inert mineral, has proven effective in mitigating the negative
impacts of these abiotic stresses in grapevine and other fruit crops, however, little is known about its influence on
the composition of the grape berry and on key molecular mechanisms and metabolic pathways notably important
for grape berry quality parameters. Here, we performed a thorough molecular and biochemical analysis to assess
how foliar application of kaolin influences major secondary metabolism pathways associated with berry qualitytraits. In grape berries from different ripening stages, targeted transcriptional analysis by qPCR revealed that
several genes involved in these pathways – VvPAL1, VvC4H1, VvSTSs, VvCHS1, VvFLS1, VvDFR, and VvUFGT were more expressed in response to the foliar kaolin treatment, particularly in the latter maturation phases. In
agreement, enzymatic activities of phenylalanine ammonia lyase (PAL), flavonol synthase (FLS) and UDPglucose:flavonoid 3-O-glucosyltransferase (UFGT) were higher in mature or fully mature berries from kaolintreated plants. The expression of the glutathione S-transferase VvGST4, and of the tonoplast anthocyanin
transporters VvMATE1 and VvABCC1 were also all significantly increased at véraison and in mature berries, thus,
when anthocyanins start to accumulate in the vacuole in berries from kaolin-treated plants. Metabolomic analysis
by reverse phase LC-QTOF-MS confirmed several kaolin-induced modifications including a significant increase in
the quantities of several secondary metabolites including flavonoids and anthocyanins in the latter ripening
stages, probably resulting from the general stimulation of the phenylpropanoid and flavonoid pathways.

Jose Tomas Matus Picero (CRAG, Barcelona, Spain)
O20 - Genome-wide studies pave the way for the characterization of secondary
metabolism regulators in the grapevine berry: the journey of a decade
Matus JT1 and Tornielli GB2 (tomas.matus@cragenomica.es)
1 Centre for Research in Agricultural Genomics (CRAG)
2 University of Verona, Italy
Deciphering the genome sequence of grapevine, one of the most important fruit crop species worldwide, has led
to the start of a new era, using large-scale data with strong computational analysis. The grapevine research
community counts on a large collection of genomic and functional genomic experiments, all waiting to be reexplored. The following work describes some examples of how incorporating genome-wide studies and systems
biology methods for understanding the role of transcription factors (TFs) regulating secondary metabolism in
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grapevine. These approaches have also been used to clarify the relationship between TFs and the environment.
Depending on the fruit developmental stage and the type of environmental factor (i.e. light, UV-B exposure,
drought), different secondary metabolic pathways are activated in the berry. We have helped in drawing how
these changes are orchestrated by master regulators belonging to the basic Leucine Zipper Domain (bZIP) and
R2R3-MYB transcription factor families. The last ten years have helped us in understanding one small piece of
the puzzle as we look onto a very complex network regulating fruit quality and composition.

Baowen Huang ESR (INRA-INP, Toulouse, France)
O21 - Tomato class-D MADS-box genes impact both seed and fruit development
Baowen Huang1,2, Jean-Marc Routaboul1, Wei Deng2, Mingchun Liu1, Isabelle Mila1, Zhengguo Li2,
Mondher Bouzayen1, Benoît van der Rest1 (huangbaowen2009@163.com)
1 University of Toulouse, INPT, UMR990 INRA/INP-ENSAT Genomics and Biotechnology of Fruit, Avenue de
l'Agrobiopole BP 32607, Castanet-Tolosan F-31326, France
2 Genetic Engineering Research Center, Life Science College, Chongqing University, Chongqing 400044, PR
China
In tomato, two AGAMOUS-like genes (Sl-TAGL11 and Sl-MBP3) belong to the class D of MADS-box genes, a family
initially described in Petunia (FBP11 and FBP7) and Arabidopsis (SEEDSTICK gene) for its involvement in ovule
development. Transcript accumulation analyses indicate that Sl-TAGL11 and Sl-MBP3 are mainly expressed in
floral organs and during fruit development with high transcript levels found in the placenta and columella after
pollination. Over-expression of Sl-TAGL11 in tomato results in dramatic flower and fruit-associated phenotypes:
development of fleshy sepals that display a ripening-like pattern, an abnormal placenta and columella
development and a major increase in fruit softness. The specific downregulation of Sl-TAGL11 did not show any
obvious phenotype, but a small reduction of the seed size. The specific downregulation of Sl-MBP3 resulted in a
lack of gel formation in tomato fruits while fruits showed an increased firmness. Conversely, the reduction of both
Sl-TAGL11 and Sl-MBP3 expression triggered the loss of gel formation and an increase of firmness; but it also
resulted in a marked fruit size reduction and a decrease in seed number, size and germination capacity.
Altogether, these results suggest that, in addition to the well-established class D gene role in seed development,
Sl-TAGL11 and/or Sl-MBP3 strongly affect fleshy fruit differentiation and fruit quality traits.

Juliana Almeida, ESR (Royal Holloway University of London, London, UK)
O22 - Down-regulation of tomato PHYTOL KINASE strongly impairs tocopherol
biosynthesis and affects prenyllipid metabolism in an organ-specific manner
Almeida J (Juliana.AlmeidaBarrosdaSilva@rhul.ac.uk)
Royal Holloway University of London
Tocopherol, a compound with vitamin E (VTE) activity, is a conserved constituent of the plastidial antioxidant
network in photosynthetic organisms. The synthesis of tocopherol involves the condensation of an aromatic head
group with an isoprenoid prenyl side chain. The latter, phytyl diphosphate, can be derived from chlorophyll phytol
tail recycling, which depends on phytol kinase (VTE5) activity. I will talk about how tomato plants co-ordinate
isoprenoid precursor distribution for supplying biosynthesis of tocopherol and other prenyllipids in different
organs. In tomato, VTE5 deficiency greatly impacted lipid metabolism, including prenylquinones, carotenoids,
and fatty acid phytyl esters. However, the prenyllipid metabolism greatly differs between source and sink organs,
revealing organ-specific adjustments in tomato. Additionally, VTE5-deficient plants displayed starch accumulation
and lower CO2 assimilation in leaves associated with mild yield penalty. Taken together, the results provide
valuable insights into the distinct regulation of isoprenoid metabolism in leaves and fruits and also expose the
interaction between lipid and carbon metabolism, which results in carbohydrate export blockage in the VTE5deficient plants, affecting tomato fruit quality.

18

Annual Conference COST FA1106 “Quality Fruit”, October 6-8 2016, Porto, Portugal
th

Jun Hye Shin ESR (INRA-INP, Toulouse, France)
O23 - New insight on the regulation of fruit ripening: the link between auxin signaling and
RIN developmental factor
Shin JH, Mila I, Bouzayen M (junhyeshin@gmail.com)
Université de Toulouse, Institut National Polytechnique de Toulouse-Ecole Nationale Supérieure Agronomique,
UMR990 Génomique et Biotechnologie des Fruits, Castanet-Tolosan, CS 32607, F–31326, France
Fruit ripening is a very complex process. In climacteric fruit including tomato, the plant hormone ethylene is the
major cue that controls most aspects of ripening. It was reported that initial ethylene biosynthesis is induced by
Ripening inhibitor (RIN). RIN is a MADS-Box transcriptional factor and considered as a master factor for the
ripening that works on both ethylene-dependent and -independent pathways. Except for ethylene, several
hormones are thought to participate in the process and crosstalk among them for normal fruit ripening. Of them,
auxin is well-known to play important roles in fruit set and growth. Moreover, it was reported that the antagonistic
interaction between auxin and ethylene is required for the normal transition from the development to ripening of
fruit. However, the detailed functions and mechanism of auxin are largely unknown. So we started investigating
auxin function during fruit ripening. To examine whether or not auxin is involved in ripening, a synthetic auxin
responsive promoter DR5-driven VENUS signal was monitored on ripening fruits and compared between WT and
rin mutant.

Luísa Carvalho (ISA, University of Lisbon, Portugal)
O24 - Gene selection for a qPCR array to analyse the response to abiotic stress in
grapevine leaves
Carvalho L, Silva M and Amâncio S (lcarvalho@isa.ulisboa.pt)
LEAF, ISA - Agronomy Institute, University of Lisbon, 1349-017 Lisbon, PT
In Portugal grapevine (Vitis vinifera) diversity is significantly high with 314 described varieties. However, not more
than 20 of red or white varieties occupy the cultivated areas. To better understand of grapevine biology, the
identification of the phenotypic and genomic diversity between varieties and the role of that diversity on the
adaptation to the changing environmental conditions are, at present, of great relevance. To assign the gene
expression pattern of grapevine under abiotic pressure and evaluate specific responses of different grapevine
genotypes, 10 varieties were analysed by qPCR for the expression of 16 transcripts previously identified as
markers of stress in field conditions in the autochthonous varieties Touriga Nacional and Trincadeira which, after
quantification of physiological parameters, were considered respectively tolerant and sensitive to abiotic stress.
The gene expression pattern of the varieties under analysis was monitored in samples of two contrasting climate
regions: Atlantic (Dois Portos, PT) and Mediterranean with Atlantic influence (Pegões, PT). The 10 varieties were
thus ranked according to their sensitivity to stress that matched empirical assignment of those varieties. The
response was more pronounced in Pegões as confirmed by the levels of gene expression.
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Ana Luzio
P1 - Improvement of grape berry growth induced by a pre-veraison kaolin treatment
Luzio A1, Dinis L.-T1, Bernardo S1, Gonçalves A1, Coutinho J1, Malheiro AC1, Correia CM1 and
Moutinho-Pereira J1 (aluzio@utad.pt)
1 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of
Trás-os-Montes and Alto Douro, Apt. 1013, 5001
The winemaking sector has a crucial economic, social and cultural relevance in Portugal, mainly in Douro
Demarcated Region (DDR), an area with typical Mediterranean climate with harsh and dry summers. In order to
mitigate the negative effects of adverse summer stress, kaolin is applied to develop a particle film to protect
grapevines. Grape berries development are a complex process displaying a double sigmoid growth curve with
three distinct phases. Stage I, starting at fruit set, berries grow through cell division. At stage II, a typical lag
phase, the cell division stops and further growth is through enlargement of cells. The beginning of ripening,
known as veraison, signals the transition of the berry into stage III, being berry growth entirely due to cell
expansion. In order to explore the effects of kaolin (5% w/v) foliar spray on Touriga Nacional and Touriga Franca
grape berries grown in DDR (Quinta do Orgal, Vila Nova de Foz Côa), we assessed biometric parameters (fresh
weight and berry size), at each sampling time: July, August and September 2016. The results showed that
Touriga Franca presents a significant larger berry size than Touriga Nacional, throughout the fruit growth and
development (p ˂ 0.001). The application of kaolin during the pre-veraison phase, in both varieties, accelerates
the cell division and growth until the end of stage II (p ˂ 0.01). Meanwhile, during stage III, the cell expansion is
not affected. These results indicate a potential reduction of harmful effects of summer stress in the treated
group.
The authors acknowledge BASF, Quinta do Orgal, and the financial support provided by “Fundação Maria Rosa”,
INTERACT (NORTE-01-0145-FEDER-000017) and BPD/INTERACT/VitalityWINE/184/2016.

Andreia Garrido
P2 - Photosynthetic activity of grape berry (Vitis vinifera cv. Alvarinho) during fruit
development under different light microenvironments
Garrido A1, Serôdio J3 and Cunha A1,2 (andreiagarrido@sapo.pt)
1 Department of Biology, School of Sciences, University of Minho, Campus de Gualtar 4710-057 Braga, Portugal
2 CITAB, Centre for the Research and Technology of Agro-Environmental and Biological Sciences; Department of
Biology, University of Minho, Campus de Gualtar 4710-057 Braga, Portugal
3 CESAM, Centre for Environmental and Marine Studies; Department of Biology, University of Aveiro, Campus de
Santiago 3810-193 Aveiro, Portugal
It was shown by pulse amplitude modulated (PAM) imaging fluorometry that grape berry exhibits photosynthetic
activity, being exocarp and seed external teguments the most competent tissues. The putative role(s) for
photosynthesis in fruits are still under debate but studies suggest that it may play a role in fruit and seed
metabolism and development. IPCC’s predicted rise in mean temperatures, heat waves and decreasing soil
water availability for the Mediterranean regions will have an impact on foliar and fruit photosynthesis and
probably in fruit and wine qualities. Also, mitigation measures aiming reducing radiation absorption by the vine
canopy may pose light limitations to grape berry photosynthesis. This work focused on the influence of light
intensity of fruit microenvironment in the photosynthetic activity of grape berry tissues throughout the growing
season by imaging PAM fluorometry. Clusters from low (LL), medium (ML) and high light (HL) canopy
microenvironments were sampled from young green to mature stages. The exocarp and seeds showed higher
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maximum quantum efficiency (Fv/Fm) and photosynthetic capacity (ETRm) at the green phase, however, while
exocarp’s values were maintained until later stages, seed teguments suffered a sharp decrease in these
parameters after the green phase. The light microenvironment had a significant effect on grape berry
photosynthesis. The seed peaked its photosynthetic activity in ML-growing berries in a green late phase with
lower performances at LL and HL. The exocarp was very sensitive to LL environments and was more responsive
to short-term light acclimation than seeds. Overall, these results suggest that viticulture practices changing
cluster light microenvironment may have significant impacts on grape berry development and quality.

Angélica Silva
P3 - The influence of leaf removal on the accumulation of carbohydrate reserves in
grapevine woody tissues
Angélica Silva1, Henrique Noronha1,2, Serge Delrot3, Hernâni Gerós1,2 (pg24606@alunos.uminho.pt)
1 Grupo de Investigação em Biologia Vegetal Aplicada e Inovação Agroalimentar AgroBioPlant, Departamento de
Biologia, Escola de Ciências, Universidade do Minho, Braga, Portugal
2 Centro de Investigação e de Tecnologias Agro-ambientais e Biológicas CITAB, Vila Real, Portugal
3 INRA, ISVV, Ecophysiologie et Génomique Fonctionnelle de la Vigne, UMR 1287, Université de Bordeaux,
Villenave D’Ornon, France
Grapevine (Vitis vinifera L.) relies on starch reserves accumulated in the woody tissues and roots to sustain its
rapid seasonal growth phases. This carbon accumulation is dependent of the sucrose synthesized in the leaves,
which is transported through the phloem into sink tissues. Starch is synthesized in the amyloplast following
glucose-6-phosphate uptake by the action of a glucose-6-phosphate/phosphate translocator and converted into
glucose-1-phosphate. Following this reaction, glucose-1-phosphate and ATP are combined into ADP-glucose,
which is then incorporated into the starch granule. In this work, we wanted to evaluate the effect of leaf removal
in the synthesis and accumulation of starch reserves in grapevine canes using Cabernet Sauvignon fruiting
cuttings with different leaf:cluster ratios (2, 6, 12). We showed that leaf removal alters starch and sugar levels in
fruiting cuttings, and performed transcriptomic studies on key-genes involved is the primary metabolism, such as
starch synthases and sucrose synthases. Furthermore, we performed biochemical studies of enzymes involved in
starch and sugar metabolism.

Benoît Van der Rest
P4 - Overexpression of Sl-TAGL11 in tomato reveals the importance of class D MADS-box
genes in fruit development
Huang B, Routaboul JM, Liu M, Deng W, Zouine M, Maza E, Bouzayen M, Li Z, van der Rest B
(benoit.van-der-rest@ensat.fr)
UMR990 INR/INPT Génomique et Biotechnologie des Fruits
The tomato genome comprises two class D genes - Sl-TAGL11 and Sl-MBP3 - highly similar to Petunia FBP11
and FBP7 that are expressed in the early stages of fruit development. We investigated Sl-TAGL11 function
through RNAi-silencing and ectopic overexpression experiments. Tomato plants with reduced Sl-TAGL11
expression did not harbor any obvious phenotype except a reduction of seed size and weight. By contrast, the
overexpression of Sl-TAGL11 triggered dramatic modifications in flower and fruit structure: sepals and peduncle
were converted into fleshy organs that underwent ethylene-dependent ripening. Despite its smaller size, fruits of
Sl-TAGL11-overexpressing were characterized by a hypertrophy of the columella and the placenta and an extreme
softening that appeared prior to ripening. Furthermore, immature fruits sepals accumulated starch at high
concentration while ripening fruits accumulated higher levels of soluble sugars (glucose, fructose and even
sucrose). RNAseq analyses performed on young fruits and sepals of WT and Sl-TAGL11-overexpressing plants
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gave a first overview into the role(s) of TAGL11 among which cell wall function seems to be the more directly
linked to the ectopic TAGL11 expression.
For several aspects (flower modification, homeotic conversion of sepals into a fleshy organ, sugar accumulation),
our results on Sl-TAGL11 overexpression are similar to phenotypes observed on plants overexpressing class CMADS box genes (Sl-TAG1 and Sl-TAGL1) However, the differentiation of placenta, columella and cell wall can be
interpreted as a specific signature of Sl-TAGL11 overexpression, suggesting that modulation of class D MADS-box
gene expression may constitute an original strategy to engineer fruit quality traits.

Filipa Carneiro
P5 - Functional characterization of VvCAX3: a grapevine cation/H+ exchanger that
transports Ca2+ and other cations
Carneiro F, Martins V, Gerós H (afcc17993@gmail.com)
Centro de Investigação e de Tecnologias Agro-Ambientais e Biológicas (CITAB), Grupo de Investigação em
Biologia Vegetal Aplicada e Inovação Agroalimentar, Department of Biology, University of Minho, Campus de
Gualtar, 4710-057 Braga, Portugal
Grapevines are economically one of the most important fruit species worldwide. Thus, it is essential for
winegrowers to guarantee fruit quality upon adverse climate conditions, including heavy rains before harvest that
cause severe skin cracking and fruit spoilage.
A close relationship has been demonstrated between increased tomato fruit integrity, increased calcium levels
and increased activity of CAX-type cation/H+ exchangers. Therefore, the identification and characterization of
grapevine CAX transporters is a landmark towards understanding calcium dynamics in the grape berry.
In this study we have identified and functionally characterized the Vitis vinifera calcium-H+ antiporter VvCAX3, by
heterologous expression of a yeast strain deficient in Ca2+ detoxification. Results showed that the presence of
VvCAX3 restored the ability of the strain to grow in high levels of Ca2+ (100-200 mM), validating the role of the
protein in Ca2+ transport. In addition, evidence for its role as exchanger of other cations, namely Na+, Li+, Mn2+
and Cu2+ was obtained. The data was complemented by gene expression studies in grape cell suspensions
(Cabernet Sauvignon Berry) that showed a regulation of transcript abundance by cation levels in the culture
medium. Studies in planta demonstrated that the transporter is highly expressed in green berries (pea size),
decreasing gradually as development progresses, in accordance to the pattern of calcium accumulation in the
fruit. VvCAX3 transcripts were also detected in grapevine roots, stems and leaves.
Altogether the present study provided powerful insights on the role of VvCAX3 in grapevine calcium homeostasis.
Acknowledgements: VM is supported by Fundação para a Ciência e a Tecnologia (post-doctoral grant
SFRH/BPD/107905/2015).
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Flávio Soares
P6 - Organic Acid metabolism changes during postharvest dehydration process in grape
(Vitis vinifera L.) berries
Flávio Soares 1,2, Artur Conde 1,2 and Hernâni Gerós1,2,3 (soaresf@outlook.pt)
1 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of
Trás-os-Montes e Alto Douro, Apt. 1013, 5000-801 Vila Real, Portugal
2 Grupo de Investigação em Biologia Vegetal Aplicada e Inovação Agroalimentar (AgroBioPlant), Departamento
de Biologia, Universidade do Minho, 4710-057 Braga, Portugal
3 Centre of Molecular and Environmental Biology (CBMA), Department of Biology, University of Minho, Braga,
Portugal
After detachment from the plant and until cell death, fruits remain metabolically active, resulting in compositional
modifications. For certain food products, postharvest controlled stresses are applied to induce desired physical or
chemical changes. In the case of grapes, a gradual dehydration process is normally utilized for raisin production
and also for the production of special wines. Postharvest dehydration, in general, causes changes in texture,
color, taste and nutritional value of food due to the high temperatures and long drying times required in the
process. Little is known, however, regarding how the organic acid metabolism is affected by such industrially
applied dehydration processes
Thus, to better understand the metabolism of the organic acids during postharvest dehydration, we applied an
industry-mimicking slow dehydration process for eleven days at 50ºC to intact berry clusters and employed
several molecular and biochemical techniques. The content of the main organic acids tartaric acid and malic acid
in the berry was tremendously reduced when compared to the grapes without treatment. Concordantly, the
transcripts and biochemical activity of cytosolic malate dehydrogenase (cytMDH) that predominantly catalyzes
malate synthesis from oxaloacetate (OAA) was only detected in the control condition, while the biochemical
activities and transcript levels of mitochondrial malate dehydrogenase and malic enzyme (mytMDH and mytME),
and cytosolic malic enzyme (cytME) responsible for reactions that predominantly lead to malate degradation,
were significantly higher on postharvest treated grapes.

Gabriela Rapeanu
P7 - Phenolic potential of Merlot grapes at full maturity
Gabriela Rapeanu (grapeanu@ugal.ro)
Dunarea de Jos University of Galaţi, Faculty of Food Science and Engineering, 111 Domneasca Str., 800201,
Galati, Romania
Nowadays consumers demand wines with red color, full body, soft tannins and fruit aroma. Those characteristics
can be only achieved with grapes that have reached a high phenolic maturity. The full ripen grapes present low
astringency and bitterness probably due to the diminution of the proportion of seed proanthocyanidins. On the
contrary, unripe grapes can lead to wines with poor color as also high levels of unpleasent bitterness and
astringency. The skins and seeds maturity is considered as a key factor for red winemaking because they are the
major source of phenolic compounds which are dissolved into the wine during maceration process.
The aim of this study was to assess the phenolic compounds accumulation from grapes skins depending on
different stages of grape maturation. Grapes Merlot variety were obtained from Dealul Bujorului vineyard during
the 2015 vintage. For ripening characterisation the physico-chemical analysis of the main composition
characteristics of grapes (sugar content, total acidity, the weight of 100 berries, anthocyanins content and total
polyphenols content) was carried out.
During the grapes ripening the amount of total polyphenols increased from veraison to full maturity and after a
slight decrease was registered. An increased anthocyanins content of grapes after the grape veraison in 2015
year with favorable climatic conditions was noticed, this increase beeing extended until the harvest. The variation
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in the phenolic compounds of grape skins, the rate of their decrease during ripening period, the different
extractability during wine fermentation, and the wine colour characteristic have to be considered when grapes in
different maturity stages are used in winemaking.

Gianfranco Diretto
P8 - Overexpression of carotenoid biosynthetic genes in tomato flowers and fruits: a reevaluation on unintended changes in carotenoid and volatile profiles
Diretto G. , Sulli M. , Frusciante S. , Tikunov Y. , Bar E. , Fiore A. , Tavazza R. , Rosati C. , Pallara P. ,
Lewinsohn E. , Bovy A. and Giuliano G. (giandiretto@gmail.com)
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ENEA, Casaccia Research Center, Roma 00123, Italy
Institute of Plant Sciences, Newe Ya’ar Research Center, Agricultural Research
Institute of Plant Sciences, Newe Ya’ar Research Center, Agricultural Research Organization, P.O. Box 1021,
Ramat Yishay, 30095 Israel
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During flower development and fruit ripening, tomato plants accumulate large amounts of, respectively
neoxanthin and lycopene, the yellow and red carotenoids involved in insect/animal attraction and cancer
prevention; moreover, a boost of volatile production, deriving by aminoacids, lipid, carotenoid and
phenylpropanoid metabolism, is observed. Previously, we showed LCY-b overexpression in tomato fruits, alone or
in combination with CHY, is able to increase total carotenoid, b-carotene and, limited to LCY-b+CHY fruits, betaxanthophyll contents. Here, we performed a more detailed characterization of these transgenes at flower and fruit
level, including, in addition, transgenic plants overexpressing CHY gene alone. Flower carotenogenesis is strongly
inhibited in LCY-b carrying plants, revealing an interfering role of this gene in carotenoid biosynthesis in this
organ. With respect to the Wt, all the transgenic fruits accumulate alpha-, beta- and delta-carotene. Large
perturbations in the expression of endogenous carotenogenesis genes are observed and contribute to the final
carotenoid composition of fruits. Transgenic fruits also show largely altered profiles of volatile isoprenoids,
consistent with the idea that the latter are derived from carotenoid metabolism. Finally, we exploited correlation
networks to model relationships within carotenoids and volatiles emitted by tomato flowers and fruits.

Herlânder Azevedo
P9- Application of a Pool-Seq strategy in the genomic characterization of Portuguese
grapevine cultivars
Munõz-Pajares AJ1, Magalhães AP1, Muñoz-Mérida A1, Campilho A1, Gonçalves L1, Gonçalves E2,3,
Martins A2, Carneiro M1, Ferrand N1 and Azevedo H1 (hazevedo@cibio.up.pt)
1 CIBIO, InBIO - Research Network in Biodiversity and Evolutionary Biology, Universidade do Porto, Campus
Agrário de Vairão, 4485-661 Vairão, Portugal
2 LEAF, Instituto Superior de Agronomia, University of Lisbon, Portugal
3 Portuguese Association for Grapevine Diversity-PORVID, Portugal
Plant germplasm is a valuable natural resource, with strategic importance for future crop improvement and plant
biotechnology efforts. In Portugal, large grapevine collections of intra-varietal diversity have been established
based on efficient experimental designs and adequate models to quantify diversity and to perform selection with
high genetic gains. Despite the effectiveness of these methods, new developments are expected with the
deployment of Next Generation Sequencing (NGS) technologies to quantify genetic diversity. Presently, we are
using NGS strategies to unlock the evolutionary relationships between Portuguese Grapevine (Vitis vinifera L.)
cultivars, promoting a basis for the establishment of causal relationships between the newly sequenced
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genotypes and the phenotypes of each cultivated variety. Here, we report the use of a Pool-Seq whole-genome
sequencing strategy to characterize cultivar intra- and inter-varietal diversity, and perform selective sweep
mapping of specific traits-of-interest. As a proof-of-concept, novel functional information was uncovered regarding
the regulatory mechanisms underpinning berry colour development.
Work was developed within the scope of project NORTE-01-0145-FEDER-000007, supported by Norte Portugal
Regional Operational Programme (NORTE2020), under the PORTUGAL 2020 Partnership Agreement, through
the European Regional Development Fund (ERDF). Work was also supported by FEDER through COMPETE, and
by FCT, for Rede de Investigação em Biodiversidade e Biologia Evolutiva [UID/BIA/50027/2013 and POCI-010145-FEDER-006821].

Ivan Minkov
P10 - Clustering sRNA-seq data for miRNAs de novo annotation in tomato genome
Georgi Minkov, Ivan Minkov, Vesselin Baev (minkov@plantgene.eu)
Institute of Molecular Biology and Biotechnology, 105 Ruski Bul., 4000 Plovdiv, Bulgaria
MicroRNAs are 21-22 nt short single-stranded RNA molecules that post-transcriptionally regulate gene expression
by either inducing the slicing of target mRNA or by repressing translation of the target mRNA. The pre-miRNA
processing-derived sRNA fragments along mature miRNA and isoforms which frequently group in two clusters
representing miRNA/miRNA*. Here we show, using tomato as an example, how with help of small RNA
sequencing data and clustering genome scanning algorithm miRNA genes can be identified de novo. These
methods combined along with our pri-miRNA secondary structure filtering algorithm (object-orientedprogramming code based on tree graph of the secondary structure RNA elements) can provide further detailed
approach for miRNA identification in plants.

João Fernandes
P11 - The irrigation regime contributes to different responses in Aragonez and Touriga
Nacional berry skin cell wall as analysed by cellulose content and glycosyl hydrolase
family 9 (GH9) gene expression
Fernandes JC, Dobrzynska K, Egipto R, Goulao L, Lopes C and. Amâncio S (jcfernandes@isa.ulisboa.pt)
LEAF, ISA - Agronomy Institute, University of Lisbon, 1349-017 Lisbon, PT
The present research is part of the investigation on the effects of two irrigation regimes on quality parameters of
the grape berry skin cell walls (CW).
Grapevine field trials are in a commercial vineyard, SE Portugal where the climate is of the Mediterranean type,
with hot and dry summers. Two varieties, Aragonez (syn. Tempranillo) (ARA) and Touriga Nacional (TN) and two
deficit irrigation strategies are used: Sustainable Deficit Irrigation, SDI (control) – 38 % ETc for TN, 36% ETc for
ARA and Relative Deficit Irrigation, RDI, 25% ETc for TN and 24% ETc for ARA. Berry samples from clusters of
plants under SDI or RDI were collected during the 2015 season at véraison and full ripening and analysed for
skin firmness, CW cellulose content and the expression of genes for proteins acting on cellulose microfibril
assemblage, class A and C glycosyl hydrolase family 9 (GH9), by real-time PCR (RT-qPCR). In TN the lower skin
firmness observed at véraison under RDI is not explained by reduced cellulose content which only decreases at
maturation. The significantly lower expression of class A GH9 genes at maturation seems to be in accordance
with the cellulose content. The lower cellulose content exhibited by ARA variety under RDI at véraison occurred in
parallel with inhibited GH9 gene expression while at maturation no effect was observed in cellulose amount while
the expression of a class C GH9 gene was stimulated. The preliminary results obtained so far showed that the
berry skin CW contributes to different responses of ARA and TN under the same water availability conditions.
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Acknowledgments: “INNOVINE – Combining innovation in vineyard management and genetic for a sustainable European
viticulture” (FP7, grant agreement nº FP7-311775

Lia Dinis
P12 - Effect of kaolin on sugars, acidity and colour attributes of grape berries growing in
two regions (Douro valley and Alentejo)
Dinis L.-T1, Luzio A1, Bernardo S1, Silva, E1, Rocha L1, Ferreira H1, Correia CM1 and MoutinhoPereira J1 (liatdinis@utad.pt)
1 Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of
Trás-os-Montes and Alto Douro, Apt. 1013, 5000-801 Vila Real, Portugal
Portugal has typical Mediterranean climate with harsh and dry summers. Climate change scenarios project an
increase of temperature up to 4°C and the water scarcity will get worse. Kaolin applied as foliar spray has been
shown to protect plants from environmental stresses. In the present study, we evaluated the influence of kaolin
(5% w/v) on some berries characteristics (Brixº, pH and colour characteristics, using luminance, L, chroma, C
and hue angle, H, coordinates) of two native grapevine varieties (cvs. Touriga Nacional and Touriga Franca)
growing in the two most important Portuguese grapevine regions (Douro – “Quinta do Orgal, Vila Nova de Foz
Côa” and Alentejo – “Herdade do Esporão, Reguengos de Monsaraz”). In both regions, brixº degree was highly
affected by the treatment having Touriga Nacional cv berries with high values in treated plants of Douro region.
Concerning to Touriga Franca, brixº values were significantly higher in control berries. The acidity (pH) revelead
to be affected only in Touriga Nacional by kaolin (more 5% and 6% in Douro and Alentejo regions, respectively)
and different location (higher in Douro Region). Changes in the colorimetric parameters, correlated with
anthocyanin chromatic properties, were also observed. L, C and H color were affected by the local in Touriga
Franca being all these characteristics higher in Douro Region. However, treated Touriga Nacional showed more L
and C but lower H on berries from Douro Region.
The authors acknowledge BASF, Quinta do Orgal and Herdade do Esporão, and the financial support provided by
“Fundação Maria Rosa”, INTERACT (NORTE-01-0145-FEDER-000017) and SFRH/BPD/84676/2012.

Manuel João Oliveira
P13 - Impacts of Flavescence dorée on growth, production and quality of Vitis vinifera cv.
Loureiro in the portuguese ‘Vinho Verde’ region
M.J. Rebelo1, S.C.A. Castro2, A.Berteccini3, M.W. Vasconcelos1 and S.M.P. Carvalho1,2
(susana.carvalho@fc.up.pt)
1 Universidade Católica Portuguesa, CBQF – Centro de Biotecnologia e Química Fina – Laboratório Associado,
Escola Superior de Biotecnologia, Universidade Católica Portuguesa/Porto, Rua Arquiteto Lobão Vital, Apartado
2511, 4202-401 Porto, Portugal
2 GreenUP/CITAB-UP & DGAOT, Faculty of Sciences, University of Porto, Campus Agrário de Vairão, Rua Padre
Armando Quintas, 7. 4485-661 Vairão, Portugal
3 Dipartimento di Scienze Agrarie (DipSA), Plant Pathology, Alma Mater Studiorum, University of Bologna, Viale
Fanin, 42, 40127 Bologna, Italy
Flavescence doreé (FD) is a quarantine disease caused by a phytoplasma and transmitted to healthy plants by an
insect vector, Scaphoideus titanus Ball. This disease affects grapevines and is a serious problem to the stability
and sustainability of the Portuguese wine industry, namely in the ‘Vinho Verde’ region were FD is present since
2008 leading to severe harvest losses or even the death of the infected plants. This study aimed to: (i) quantify
the impact of FD on plant growth, development, productivity and fruit quality in the Portuguese ‘Vinho Verde’
region; (ii) evaluate the expression of PAL, STS, PIN and PGIP genes linked to the secondary metabolism and
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plant defense. This trial was conducted in a 20 year-old vineyard (Fafe; Portugal) using healthy (FD-) and FD
infected (FD+) grapevines. Leaf area, chlorophyll content (SPAD values), sprouting percentage, fertility rate,
productivity and fruit quality (total acidity, degree brix), were evaluated. In general, FD+ plants presented lower
leaf area (40%), lower chlorophyll content (9%, in veraison) and reduced fertility rate (20%) than FD+ plants.
Moreover, it was found that plant development was significantly delayed in FD+ plants (on average 15 days; P <
0.05) when compared to healthy plants, and diseased plants showed a significant production loss (FD- = 23.8 ±
1.4 kg/plant and FD+ = 14.0 ± 3.5 kg/plant; P < 0.05). It was evidenced that in FD+ plants, signaling pathways
were activated, with an upregulation of PAL, STS, PIN and PGIP genes.
Keywords: Fertility rate, gene expression, grapevine, leaf area, phytoplasma, SPAD values, sprouting percentage.

Marta Nunes da Silva
P14 - Evaluation of natural antimicrobial agents against Pseudomonas syringae pv.
Actinidiae
Nunes da Silva M1,2, Nascimento B2, Correia A2, Teixeira P2, Balestra GM3,
Vasconcelos MW2 and Carvalho SMP1 (susana.carvalho@fc.up.pt)
1GreenUP/CITAB-UP, Faculdade de Ciências da Universidade do Porto, Campus Agrário de Vairão, Rua Padre
Armando Quintas 7, 4485-661 Vairão, Portugal.
2CBQF-Centro de Biotecnologia e Química Fina, Escola Superior de Biotecnologia, Rua Arquiteto Lobão Vital,
Apartado 2511, 4202-401 Porto, Portugal.
3Department of Science and Technologies for Agriculture, Forestry, Nature and Energy (DAFNE), Via S. Camillo
de Lellis, Viterbo, Italy. (susana.carvalho@fc.up.pt)
Actinidia deliciosa and A. chinensis are the most economically important species of kiwifruit worldwide. In
Portugal their production is ca. 25.000 tones, representing an important source of income; however, these
species are susceptible to Pseudomonas syringae pv. actinidiae (PSA), the causal agent of kiwifruit bacterial
canker. PSA was identified in Portugal in 2011, leading to production losses of up to 80 % in several orchards.
Current control techniques are expensive and consist in copper- and antibiotics-based compounds application,
with serious risks of environmental contamination and development of resistant bacteria.
In this report, the antibacterial activity of 11 compounds of natural origin (propolis, chitosan, four bacteriocins
and five plant essential oils) was evaluated against PSA. All compounds, except pediocins, had a significant
antimicrobial activity against PSA in agar plates after 48 h of exposure. Chitosan and propolis had minimum
inhibitory concentrations (MICs) as low as 0.075 % and 0.25 %, respectively, and plant essential oils MICs ranged
from 6.25 % to 25 %, with laurel and basil showing the highest inhibitory capacity. Also, basil essential oil and
chitosan presented total inhibitory activity against PSA in liquid media after only 5 minutes of exposure. These
results provide strong evidence on the potential use of natural compounds in the formulation of more
environmentally friendly products for the control of kiwifruit bacterial canker.

Mingchun Liu
P15 - A novel tomato EBF-like gene controls fruit ripening via regulating ethylene
response
Deng H, Chen Y, Liu Y, Liu M (liumingchun1982102@163.com)
Key Laboratory of Bio-Resource and Eco-Environment of the Ministry of Education, College of Life Sciences,
Sichuan University, Chengdu 610014, China
EIN3-binding F-box (EBF) proteins were shown to negatively regulate the ethylene signalling pathway by
mediating the degradation of EIN3/EIL proteins in Arabidopsis. We present here a novel tomato EBF-like gene
(SlEBF3) playing an essential role in ethylene response and fruit ripening. Sl-EBF3 exhibits a typical ripening-
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associated expression pattern with a peak of transcript accumulation at the onset of ripening. Overexpression of
Sl-EBF3 results in a non-ripening phenotype with decreased carotenoid accumulation and fruit softening in
tomato. Consistently, Sl-EBF3 overexpressing lines display an ethylene-insensitive phenotype in the presence of
exogenous ethylene. Both Y2H and BiFC assays show the interaction between Sl-EBF3 and four EIL proteins.
Moreover, genes involved in ethylene response and fruit ripening, such as ERF, PG2a, PSY1, RIN, are
significantly down-regulated in the Sl-EBF3 overexpressing lines. Overall, our results provide new evidences that
EBF controls of fruit ripening through directly regulating ethylene response in tomato.

Nancy Terrier
P16 - Some of the grapevine shikimate dehydrogenases are involved in gallic acid
biosynthesis
Bontpart T, Marlin M, Vialet S, Guiraud JL, Pinasseau L, Meudec E, Sommerer N, Cheynier V and
Terrier N (terrier@supagro.inra.fr)
INRA, UMR 1083 Sciences pour l’œnologie, 2 place Pierre Viala, F-34060 Montpellier cedex 1, France
Proanthocyanidins (PAs), also called condensed tannins, are the main phenolic compounds found in grape berry.
They are involved in plant response to biotic and abiotic stresses and influence oenological properties. In
grapevine, these flavonoids are partly acylated with gallic acid, as a result of an acylation reaction called
galloylation. Several studies have shown that PA galloylation modulates their oenological and pharmacological
properties. However, the molecular mechanisms involved in PA galloylation remain to be identified.
By an integrative approach combining transcriptomics and QTL mapping, several candidate genes for PA
galloylation have been identified (1-3). One of these genes is a shikimate dehydrogenase (SDH), an enzyme of
the shikimate pathway which “classically” catalyses the reversible dehydrogenation of 3-dehydroshikimate. The
capacity of SDH to produce gallic acid has been demonstrated once (4) but has not been investigated further.
The four SDHs encoded by grapevine genome have been produced in Escherichia coli. In vitro, the recombinant
proteins exhibit different catalytic properties for the “classical” reaction and for the production of gallic acid. The
two genes encoding enzymes able to produce gallic acid are mainly expressed in immature tissues in which
galloylated PAs are abundant. Transgenic hairy-roots overexpressing one of these SDHs accumulate more gallic
acid and galloylated compounds than hairy-root devoid of transgene. Phylogenetic analysis of SDH sequences
from plant producing or not galloylated tannins revealed divergences at key amino acids in the SDH domain that
could trigger gallic acid biosynthesis activity (5).

1) Terrier et al. 2009. Ectopic expression of VvMybPA2 promotes proanthocyanidin biosynthesis in grapevine and suggests additional
targets in the pathway. Plant Physiology 149:1028–1041.
2) Huang et al. 2012. Dissecting genetic architecture of grape proanthocyanidin composition through quantitative trait locus mapping.
BMC Plant Biology 12:30.
3) Carrier et al. 2013. Selection of candidate genes for grape proanthocyanidin pathway by an integrative approach. Plant Physiology and
Biochemistry 72:87–95.
4) Muir et al. 2011. Mechanism of gallic acid biosynthesis in bacteria (Escherichia coli) and walnut (Juglans regia). Plant Molecular Biology
75:555–65.
5) Bontpart et al. 2016. Two shikimate dehydrogenases, VvSDH3 and VvSDH4, are involved in gallic acid biosynthesis in grapevine.
Journal of Experimental Botany 67:3537-50.

28

Annual Conference COST FA1106 “Quality Fruit”, October 6-8 2016, Porto, Portugal
th

Sara Silva Bernardo
P17 - Kaolin foliar application mediates grapevine oxidative damage, proline and
enzymatic antioxidants under summer stress
Bernardo S1, Luzio A1, Conde A1,2, Gerós H1,2, Correia C.M1, Moutinho-Pereira J1 and Dinis L.-T1
(sbernardo@utad.pt)
1Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of
Trás-os-Montes and Alto Douro, Apt. 1013, 5001-801 Vila Real, Portugal.
2 Research Group in Applied Plant Biology and Agrifood Innovation (AgroBioPlant), Department of Biology,
University of Minho, Braga, Portugal.
The protective effects of kaolin have been studied in many crops to reduce the amount of visible and UV radiation,
mainly in vineyards (Vitis vinifera) of the Douro valley (northern Portugal), where plants usually face heat waves,
high light intensities and water deficit. In this research, we observed that the enhancement of antioxidant activity
in grape tissues in response to kaolin could be mediated by the activation of enzymatic components of the
antioxidative defence system. Results showed that kaolin treated plants strongly protect berry tissues against
oxidative damage, mainly in September (lower levels of H2O2, proline and lipid peroxidation). In fruit, kaolin
application improved redox homeostasis of the antioxidant systems through the activity of enzymes that
participate in the regulation of production and elimination of ROS, decreasing hydrogen peroxide (H2O2) levels
and consequently, oxidative damage in vineyards subjected to summer stress. In September the activities of SOD
and CAT in fruit tissues from treated plants were, respectively, 24 and 62% higher than in controls ones in
parallel with an increase in APx activity. Moreover, the activities of GPx and Gr were mostly improved along the
season in leaves of treated plants. Overall, the results reinforce the promising nature of kaolin application as a
short term summer stress mitigation strategy.

Sladjana Savic
P18 - The effect of drought stress on vitamin C content, fruit size and fruit dry weight in
seven tomato genotypes
Petrovic I1, Bertin N2, Brunel B2, Savic S3 (bonita.sladja@gmail.com)
1 Faculty of agriculture, University of Belgrade, Nemanjina 6, 11070 Belgrade
2 Institut national de la recherche agronomique - INRA, Domaine Saint Paul, CS 40509 Montfavet Cedex
3 Faculty of biofarming,The John Naisbitt University, Goce Delceve 8, 11070 Belgrade
In general, drought stress limits productivity of major crops by inducing different morphological, physiological and
molecular changes in plants. Similarly, plant adaptation to drought includes also different adaptation strategies
and mechanisms. The aim of presenting study was to compare the effects of drought on 7 phenotypically distinct
tomato cultivars (Cervil, Levovil, Plovdiv, Criollo, Stupicke, LA1420 and LA0147) by assessment of the effects on
the ascorbic acid content, fruit size and dry matter content. Tomato plants grown in a controlled and glasshouse
conditions. Drought was induced reduction of irrigation substrate (soil water content ca. 25%), while control
plants irrigated with the full substrate water holding capacity (soil water content ca. 75%). Vitamin C studied in
the fruits included total and reduced vitamin C, and total/reduced vitamin C ratio. Analysis of vitamin C was
performed by colorimetric method. Results confirmed that capacity of drought-induced synthesis of vitamin C is
highly genotype-dependent. Cherry tomato Cervil showed a higher capacity for increase of vitamin C production
in drought stress conditions than other genotypes. Decrease in size of the fruits is followed by an increase in dry
matter content as a consequence of reduction of water supply in all analyzed genotypes with different statistical
significance.
Keywords: drought, tomato, vitamin C, diameter, dry matter content.
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Stella Grando
P19 - Investigation of somatic variants associated with seed content in grapevine
Costantini L1, Nwafor CC1, Lorenzi S1, Marrano A1, Raimondi S2, Schneider A2,
Gribaudo I2 and Grando MS1 (stella.grando@fmach.it)
1 Fondazione Edmund Mach, Research and Innovation Centre, San Michele all’Adige, Italy
2 Consiglio Nazionale delle Ricerche, Istituto per la Protezione Sostenibile delle Piante, Grugliasco, Italy
Two different mechanisms are involved in grape seedlessness, namely parthenocarpy and stenospermocarpy. In
parthenocarpic conditions fruit usually develops from the ovary in the absence of fertilization yielding small
berries that completely lack seeds, whereas in stenospermocarpy pollination and fertilization take place normally,
but seed development aborts at an early stage after fertilization and berry size at harvest is reduced. Most
cultivated seedless grapes exhibit the Sultanina-derived stenospermocarpy whereas different sources of
seedlessness have been much less investigated and exploited.
Here we report the characterization of several somatic variants for seed content discovered in the grapevine
germplasm collections at FEM and CNR-IPSP. These accessions were evaluated for fruit and seed set in openpollinated, self-pollinated, and emasculated conditions.
Single nucleotide polymorphism (SNP) candidates between seeded and seedless mutants were identified by
using the Vitis20K SNP array and RNA-Seq-based variant calling. The latter was applied to the transcriptome
comparison between Sangiovese and Corinto Nero cultivars previously reported by Nwafor et al (2014).

Trond Lovdal
P20- In field non-destructive monitoring of lycopene content in tomatoes
Mencaglia AA1, Ciaccheri L1, Mignani AG1, Tuccio L1, Hallmann E2, Kaniszewski S3, Løvdal T4, Agati
G1 (trond.lovdal@nofima.no)
1 CNR-Istituto di Fisica Applicata “Nello Carrara”, Via Madonna del Piano, 10-50019 Sesto Fiorentino (FI), Italy
2 Department of Functional, Organic Food and Commodities, Faculty of Nutrition and Consumer Sciences,
Warsaw University of Life Sciences-SGGW, 02-776 Warsaw, Poland
3 Research Institute of Horticulture, Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland
4 Nofima – Norwegian Institute of Food, Fisheries and Aquaculture Research, Department of Process
Technology, PO Box 8034, N-4068 Stavanger, Norway
Non-destructive optical tools are particularly useful for optimizing harvest times and thus securing high quality
vegetable products. Such tools enable a large amount of samplings in a very short time compared to
conventional wet chemistry. Here we report on the development of a portable, LED-based spectrometer for the
non-destructive in situ determination of lycopene in tomato. Reflectance spectra (400-750 nm) were measured in
the field (Skierniewice, Poland) on tomatoes attached to the plant. A previously developed PLS regression model
was used to convert reflectance data in lycopene concentrations. The average lycopene (mg/100 g FW) of fully
ripe red tomatoes was 11.3 and 6.0 in cvs Calista (n=146) and Volna (n=54), respectively, on August 19th,
2016. These values were significantly different (P<0.001) from those obtained on September 7th: 10.4 and 6.5
(n=198 and 199) for Calista and Volna, respectively. Twenty selected fruits per cv were also individually
monitored by the sensor, starting from the breakers stage on Aug 19th up to 26 days. On an average, the
kinetics of lycopene accumulation in Volna was one-week delayed with respect to Calista. The results suggest that
portable, low-cost and compact LED-based sensors appear to be promising instruments for the non-destructive
assessment of tomato lycopene in the field.
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Violeta Nour
P21 - Variation of bioactive compounds and antioxidant activity during growth and
ripening of hot peppers as influenced by genotype
Ionica M and Nour V (vionor@yahoo.com)
Department of Horticulture & Food Science, University of Craiova, Romania
Changes in bioactive compounds and antioxidant activities of four Capsicum annuum cultivars (‘Dracula’,
‘Pintea’, ‘Pepperone’ and ‘Bulgarian carrot’) and one Capsicum baccatum var. pendulum cultivar (‘Christmas
bell’) were investigated. Dry matter, soluble solids, titratable acidity, ascorbic acid, total phenolics, total
flavonoids, capsaicin content and antioxidant activity were measured at five growth and ripening stages
established based on the number of days after flowering. Capsaicin content of the fruits was used to determine
the pungency level of analyzed peppers. Antioxidant activity and total phenolics content of hot peppers increased
during growth and ripening, the highest levels being found in the last stage of ripening. The highest total
phenolics content was found in the fruits of ‘Pintea‘ cultivar (8331.27 mg GAE kg-1 dw) and the lowest in the
‘Christmas bell’ peppers (3744. mg GAE kg-1 dw). Capsaicin content in fruits increased, reaching maximum
values at 30-40 days after flowering (from 24.85 mg GAE kg-1 dw in ‘Dracula’ to 2228.81 mg GAE kg-1 dw in
‘Pintea’ peppers), after which it decreased until the complete ripening of the pepper fruits. The results revealed
significant differences among cultivars in the accumulation of the antioxidant compounds in the fruits during their
growth and ripening, confirming the important role played by genetic background and ripening stage in
determining antioxidant potential of pepper fruits. However, the accumulation pathway of various bioactive
compounds registered a similar trend during the phenophases.

Viviana Martins
P22 - Calcium modulates the growth, viability and total anthocyanin content of grape
berry cells (Gamay Fréaux var. Teinturier)
Martins V, Costa C, Carneiro F, Gerós H (vmartins@bio.uminho.pt)
Centro de Investigação e de Tecnologias Agro-Ambientais e Biológicas (CITAB), Grupo de Investigação em
Biologia Vegetal Aplicada e Inovação Agroalimentar, Department of Biology, University of Minho, Campus de
Gualtar, 4710-057 Braga, Portugal
Ongoing adverse climatic conditions demand the development of grape berry protection strategies that ensure
productivity and quality even in years of unfavorable weather. Post-harvest application of calcium supplements
promotes extended shelf life of fleshy fruits such as tomato, and field studies in cherry suggest these
supplements may increase fruit resistance to skin cracking during development, however, their effects on other
quality parameters must be considered.
Here we investigated the impacts of calcium on grape cell growth, viability and on the production of
anthocyanins, using the grape berry cell line Gamay Fréaux var. Teinturier as model. High calcium
concentrations (50–100 mM CaCl2) decreased cell biomass and viability, assessed by fluorescein diacetate
staining, whereas lower concentrations (5 – 10 mM CaCl2) did not affect these parameters, and were thus used
in subsequent studies.
Spectrophotometric measurements revealed a decrease in total anthocyanin content upon calcium elicitation,
more pronounced in cells treated with 20 µM abscisic acid or 20 µM methyl jasmonate, where a 50% reduction
was observed. This result was accompanied by a 90% decrease on the expression of VvUFGT (UDP-glucose:
flavonoid 3-O-glucosyltransferase), a key enzyme in anthocyanin production. In contrast, the levels of VvPAL1
(phenylalanine ammonia lyase), the first enzyme of secondary metabolism, were not affected by calcium
elicitation.
The present study contributed for a better understanding on some biochemical and molecular responses of grape
cells to calcium application, revealing potential effects on fruit growth and color quality.
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Zorica Jovanovic
P23 - Influence of moderate water stress on fruit quality in different tomato genotypes
Petrović I1, Bertin B2, Brunel B2 and Jovanović Z1 (zocaj@agrif.bg.ac.rs)
1 Faculty of Agriculture, University of Belgrade, Nemanjina 6, 11080 Belgrade, Serbia
2 Institut national de la recherche agronomique - INRA, Domaine Saint Paul, CS 40509 Montfavet Cedex, France
Current studies confirmed that drought stress can induce changes in fruit quality. The aim of presenting study
was to compare the effects of drought on 7 different phenotypically distinct tomato cultivars by assessment of the
effects on the biochemical content of tomato fruits, with special attention to the fruit taste and nutritional quality
components (carotenoids, organic acids and soluble sugars).
Experiment was conducted in glasshouse conditions. Plants were exposed to drought by withholding irrigation of
substrate in the pots (soil water content ca.25%), while in control conditions plants received full substrate water
holding capacity. Carotenoids studied in the fruits included β-carotene, lycopene, lutein and phytoen, organic
acids (citric and malic acid) and soluble sugars (glucose, fructose and sucrose) and all measured by HPLC.
Results confirmed that capacity of drought-induced synthesis of analysed compounds is highly genotypedependent. Drought induced significant increase of the carotenoids (especially lutein) in the fruits of majority
genotypes. Also, drought influenced organic acid content (especially citric acid), increased sucrose content, but
slightly decreased glucose and fructose. These results suggest the potential of moderate water stress conditions
for screening capacity of different tomato genotypes for producing such important fruit nutritional quality
compounds as carotenoids, sugars and acids are.

Kalliopi Roubelakis-Angelakis (University of Crete, Greece)
P24 - POLYAMINE OXIDASES seem to be important cellular determinant which cross-talk
with NADPH-OXIDASE and HEAT SHOCK PROTEINS90 affecting polyamine acetylation,
oxidation and ROS homeostasis
Toumi I1, Moschou PN1,2, Park K-Y3, Pagoulatou MG1, Gémes K1,4, Milioni D5, Mellidou I6,
Karamanoli K6, Charalampidis K7, Roussis A7, Constandinidou H-I6, Hatzopoulos P5, and RoubelakisAngelakis KA1 (poproube@biology.uoc.gr)
1 University of Crete, 71409 Heraklion, Greece
2 Department of Plant Biology and Linnean Center of Plant Sciences, Swedish University of Agricultural Sciences,
Uppsala BioCentrum, Uppsala, Sweden
3 Department of Biology, Sunchon National University, 57922 Chonnam, South Korea
4 Biological Research Centre, Hungarian Academy of Sciences, H-6726 Szeged, Temesvarikrt. 62, Hungary
5 Agricultural University of Athens, Iera Odos 75, 118 55 Athens, Greece
6 School of Agriculture, Aristotle University, Thessaloniki, Greece; 7Department of Biology, National &
Kapodistrian University of Athens, Panepistimioupolis, Ilissia, Athens, Greece
Polyamine oxidases (PAOs) oxidize polyamines in the apoplast (terminal catabolism), or in the cytoplasm and the
peroxisomes (PA back-conversion) generating hydrogen peroxide (H2O2), thus affecting polyamine and reactive
oxygen species homeostasis. Our previous work showed that PAO-derived H2O2 signals several developmental
and stress-responsive events. For instance, it signals activation of Ca2+ channels affecting pollen tube growth,
developmental PCD affecting vessel formation, deposition of secondary cell wall, stomata closure, as well as
responses to abiotic/biotic stresses. Recently we have identified two new functions of PAO, suggesting that it
plays substantial roles in plant's life. Interestingly, we found that NADPH-oxidase and the apoplastic PAO are not
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parallel pathways for ROS production. Instead, they form a nexus and cross-talk in the frame of the strategy of
plant cells to regulate ROS homeostasis. In addition, NADPH-oxidase and apoplastic PAO show a feedforward
relationship that is, high PAO levels correlate with high NADPH-oxidase activity. Therefore, the two proteins are
part of the same ROS homeostatic regulatory module, which affects the extra- and intracellular cross-talk of ROS
regulatory mechanisms. In addition, HSP90 proteins are directly involved in the regulation of polyamine
conjugation and, more specifically, in polyamine acetylation and subsequently polyamine oxidation pathway.
Subsequently, by being a powerful modulator of PAOs, HSP90s affect the PAO-generated ROS, which participate
in the stress-induced downstream signaling cascade that is tidily related to ROS homeostasis and PCD. Study of
these mechanisms in tomato and grape during fruit growth and stress responses could be of interest.
1. Gémes, K, Y-J Kim, K-Y Park, PN Moschou, E Andronis, Ch Valassakis, A Roussis, KA Roubelakis-Angelakis.
2016. A Polyamine Oxidase/NADPH-oxidase feedback loop controls oxidative burst under salinity in Nicotiana
tabacum. Plant Physiol., DOI: 10.1104/pp.16.01118
2. Toumi, I, MG Pagoulatou, PN Moschou, D Milioni, P Hatzopoulos, and KA. Roubelakis-Angelakis. 2016. HEAT
SHOCK PROTEINS 90 and POLYAMINE OXIDASE interact under heat stress, regulating Polyamine acetylation,
oxidation and Reactive Oxygen Species homeostasis in Arabidopsis. Under review.
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