
 

 

 

 

 

 

 

 

 
 

 

 

SCIENTIFIC PROGRAM 
 

 

 

 

 

 

 

 

 

Conveners of SOL2022 

Angelos K. Kanellis, Mondher Bouzayen 

 
 
 

 

 

 

 

 

 

 

PORTO PALACE HOTEL, THESSALONIKI, HELLAS



2 
 

Sponsors 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

  

CONTENTS 

SCIENTIFIC PROGRAM ........................................................................................ 16 

INTRODUCTION TO THE SOLANACEAE2022 ................................................. 30 
Angelos K. Kanellis and Mondher Bouzayen 

OPENING TALK TO THE SYMPOSIUM ............................................................. 30 

INVITED TALKS ................................................................................................................... 30 

The vineyards and wines of Northern Greece...................................................................... 30 
Apostolos Thymiopoulos 

ABSTRACTS .............................................................................................................. 31 

I. EXPLORATION OF BIODIVERSITY AND EVOLUTION ............................ 31 

INVITED TALKS .................................................................................................................. 31 

Epistatic QTL for yield heterosis in tomato ......................................................................... 31 
Shai Torgeman and Dani Zamir 

Insights of the complex origin of the Nicotiana genus, section Suaveolentes ..................... 32 
Lucio D’Andrea, Nicolas Sierro, Sonia Ouadi, Tomas Hasing, Elijah Rinaldi, Nikolai V. Ivanov, 

Aureliano Bombarely 

ORAL PRESENTATIONS ................................................................................................... 33 

The worldwide population structure of over 3,400 eggplant accessions identified by SPET 

genotyping. .......................................................................................................................... 33 
Lorenzo Barchi, Ezio Portis, Sergio Lanteri, David Alonso, Maria Josè Díez, Jaime Prohens, 

Veronique Lefebvre, Jeremy Salinier, Hatice Filiz Boyaci, Laura Toppino, Giuseppe Leonardo 

Rotino, M. Timothy Rabanus-Wallace, Andreas Boerner, Nils Stein, Richard Finkers, Matthijs 

Brouwer, Arnaud G. Bovy, Roland Schafleitner, Giuseppe Aprea and Giovanni Giuliano 

Fruit trait associations across the wild tomato clade suggest selective pressure from seed 

dispersers. ............................................................................................................................ 34 
Jacob R. Barnett, Rovin Sharma, Gina Buonauro, Maryam Rashidzade, Ana L. Caicedo 

SPET genotyping of over 15,000 accessions of tomato reveals the genetic structure and 

history of the tomato germplasm at world level .................................................................. 35 
Blanca, J., Aprea, G., Ferrante, P., Fain, V.V., Alonso, D., Barchi, L., Schafleitner, R., Brandt, R., 

Wallace, M.T., Börner, A., Stein, N., Salinier, J., Lefebvre, V., Bovy, A., Boyaci, H.F., Pasev, G., 

Tringovska, I., Zamir, D., Prohens, J., Canizares, J., Díez, M.J., Giuliano, G.  

POSTER PRESENTATIONS ............................................................................................... 36 

A 3D imaging approach for characterizing and detecting tomato fruit variation ................ 36 
Blazakis Kostas, Marie Abou Zeid, Michael Iakovidis, Elias Avdikos, Apostolos Kalyvas, 

Athanasios G. Mavromatis, Penelope Ralli & Panagiotis Kalaitzis 

TRADITOM a tool to unlocking the European traditional tomato genetic resources ......... 37 
Clara Pons, Joan Casals, Matthijs Brouwer, Samuela Palombieri, Lilian Fontanet, Alessandro 

Riccini, Jose Luis Rambla, Alessandra Ruggiero, Maria del Rosario Figás, Mariola Plazas,Addriana 

Sacco Athanasios Koukounaras, Maurizio E. Picarella, Maria Sulli, Josef Fisher, Peio Ziarsolo, 

Jose Blanca, Joaquin Cañizares, Maria Cammareri, Antonella Vitiello, Giorgia Batelli,Angelos K. 

Kanellis, Richard Finkers, Konstantinos Nikoloudis, Salvador Soler, Giovanni Giuliano, Stefania 



4 
 

Grillo, Silvana Grandillo, Dani Zamir, Andrea Mazzucato, Mathilde Causse, Maria José Díez, 

Jaime Prohens, Antonio Jose Monforte, Antonio Granell 

Evaluation of Greek islands tomato accessions ................................................................... 38 
Athanasios Koukounaras, Stefanos Kostas, Angelos Kanellis 

The SGN database and Breedbase ....................................................................................... 39 
Lukas A Mueller, Mirella Flores, Titima Tantikanjana, Adrian Powell and Naama Menda 

The genetic biodiversity of the Solanaceae species conserved in the Greek Genebank ..... 40 
Parthenopi Ralli 

II. METABOLOME STRUCTURE/METABOLOMICS ...................................... 41 

INVITED TALKS .................................................................................................................. 41 

Exploring sol species in natural context: lessons from epicuticular waxes and alkaloids 

deficient tobacco mutants .................................................................................................... 41 
Asaph Aharoni 

Isoprenoid biosynthesis and sequestration in tomato fruit and the role of plastoglobuli ..... 42 
Juliana Almeida, Marilise Nogueira, Laura Perez-Fons, Margit Drapal,  Harriet M Berry, Eugenia 

M. A. Enfissi, and Paul D. Fraser 

ORAL PRESENTATIONS ................................................................................................... 43 

Towards understanding of metabolic diversity of pepper fruit ............................................ 43 
Yury Tikunov, Louis Mcleod, Giorgio Tumino, Yi Wu1, Jérémy Salinier, Lorenzo Barchi, Roland 

Schafleitner, Richard Finkers, Matthijs Brouwer, Filiz Boyaci, Gancho Pasev, Ilan Paran, Nils 

Stein, Jaime Prohens, Giovanni Giuliano, Pasquale Tripodi, Véronique Lefebvre, Arnaud Bovy 

Metabolic re-programming and cellular adaptation for high-level production of valuable 

ketocarotenoids .................................................................................................................... 44 
Marilise Nogueira, Eugenia M. A. Enfissi, Elliott J. Price, Guillaume N. Menard, Eudri Venter, 

Peter J. Eastmond, Einat Bar , Efraim Lewinsohn  and Paul D. Fraser 

Targeted transcription factor disruption leads to alterations in stem structure and composition

 ............................................................................................................................................. 45 
Antigoni Margellou, Christos Nitsos, Dimitrios Valasiadis, Ilias Avdikos, Maria Anagnostopoulou, 

Konstantinos Triantafyllidis, Zoe Hilioti 

POSTER PRESENTATIONS ............................................................................................... 46 

Preparation and production of bio-based carotenoid reference standards for metabolomic 

analysis. ............................................................................................................................... 46 
Harriet Berry and Paul David Fraser 

Environmentally regulated metabolite may improve tomato plant response to water stress47 
Yair Yehoshua Zach, Tali Neiger, Leah Rosental, Simmi Wile, Saleh Alseekh, Alisdair R Fernie, 

Nir Sade, Yariv Brotman 

III. GENETICS, GENOMICS AND EPIGENETICS ............................................ 48 

INVITED TALKS .................................................................................................................. 48 

The hidden gems in semi-domesticated germplasm: the surprising levels of genetic diversity 

in fruit quality traits in tomato ............................................................................................. 48 
Esther van der Knaap, Manoj Sapkota, Lara Pereira, Elizabeth Frick, Denise Tieman 

The role of seed development in tomato fruit ripening ........................................................ 49 
James Giovannoni and Daniel Evanich 

ORAL PRESENTATIONS ................................................................................................... 50 

Establishing a Solanum pan-genome to dissect dynamics of paralog evolution .................. 50 
Katharine M. Jenike, Matthias Benoit, Srividya Ramakrishnan, Anat Hendelman, Michael 

Alonge, Jack Satterlee, Iacopo Gentile, Xingang Wang, Shujun Ou, Melissa Kramer, Sara 



5 
 

Goodwin, W. Richard McCombie, Amy Frary, Jesse Gillis, Joyce Van Eck, Zachary B. Lippman, 

Michael C. Schatz 

Endogenous virus small RNAs regulate gene expression following genome shock in tomato 

hybrids ................................................................................................................................. 51 
Sara Lopez-Gomollon, Sebastian Y. Mueller, S.Y.and David C. Baulcombe 

The polygenic basis of 2n pollen production in diploid potato ........................................... 52 
Corentin Clot, Lea Vexler, Joey Koopman, Maria de La O Leyva-Perez, Christel Engelen, Ronald 

Hutten, José van de Belt, Martina Juranić, Erik Wijnker, RGF Visser, Dan Milbourne, Herman van 

Eck 

The potato and wild relatives super pan-genome ................................................................ 53 
Sai Reddy Achakkagari, Ilayda Bozan, Juan Carlos Camargo-Tavares, Noelle L. Anglin, David 

Ellis, Norma Manrique-Carpintero, Hannele Lindqvist-Kreuze, Benoît Bizimungu, Helen H. Tai, 

and Martina V. Strömvik 

Meiotic recombination, a process for guided genetic changes ............................................ 53 
Roven Fuentes, Ronald Nieuwenhuis, Elio Schijlen, Sara Diaz Trivino, Hans de Jong, Paul Fransz, 

Maike Stam, Jihed Chouaref, Aalt-Jan van Dijk, Dick de Ridder and Sander Peters 

Genome-wide scan for genes regulating tomato leaf metabolic response to water stress ... 54 
Leah Rosental and Yariv Brotman 

POSTER PRESENTATIONS ............................................................................................... 56 

A reference genome of Solanum habrochaites .................................................................... 56 
Bernard Caromel, Jacques Lagnel, Carole Iampietro, Marine Sallaberry, Renaud Duboscq, 

Alexandre Bachellez, Anne Massire, Marie-Claire Le Coant, Jérôme Lluch, Olivier Bouchez, 

Véronique Lefebvre 

Hairless-3 regulates trichome development and terpene biosynthesis in tomato ................ 57 
Jae-In Chun, Seong-Min Kim, Na-Rae Jeong, Sang Hee Kim, Choonkyun Jung, Jin-Ho Kang 

Identification of two mutant alleles of StMASH4 associated with desynapsis in potato ..... 58 
Corentin Clot, Dennis Klein, Joey Koopman, Christel Engelen, Ronald Hutten, RGF Visser, 

Martina Juranić, Herman van Eck 

A multi-omic Nicotiana benthamiana resource for fundamental research and biotechnology.

 ............................................................................................................................................. 59 
Giuseppe Aprea, Maria Sulli, Chris Winefield, Diego Orzaez, Aureliano Bombarely, Michal 

Lorenc, Jiyuan An, Hyungtaek Jung, Buddhini Ranawaka, Giovanni Giuliano, Peter Waterhouse 

Identification of two fruit yield and fruit size associated QTLs .......................................... 60 
Yael Gonen, Leah Rosental, Dani Zamir, Yariv Brotman 

Effects in phenotype and gene expression induced by chronic gamma irradiation are 

transmitted to the next generation ........................................................................................ 61 
Seong-Min Kim, Yeong Deuk Jo, Jae-In Chun, Jin-Baek Kim and Jin-Ho Kang 

Updated pepper pan-NLRome reveals the structure of resistance gene clusters in Capsicum 

spp. ....................................................................................................................................... 62 
Joung-Ho Lee, Amornrat Changkwian, Jelli Venkatesh, Jung-Min Kim, Geon-Woo Kim, Jin-

Kyoung Kwon, and Byoung-Cheorl Kang 

HarnesstomDB, a database for facilitating the use of tomato genetic resources ................. 63 
David Pierre, Clara Pons, Anis Djari, Elie Maza, Yaniv Semel, Antonio Granell, Mohamed Zouine 

Highly contiguous Solanum genomes provide insight into the genetic basis of trait evolution

 ............................................................................................................................................. 64 
Jack Satterlee, Matthias Benoit, Katie Jenike, Srividya Ramakrishnan, Anat Hendelman, Shujun 

Ou, Iacopo Gentile, Gina Robitaille, Andrea Arrones, Amy Frary, Jaime Prohens, Jesse Gillis, 

Joyce Van Eck, Michael Schatz, Zachary B. Lippman 

QTL analysis on tuber number and shoot branching in potato ............................................ 65 
Xulan Wang, Corentin Clot, Elena del Pup, Richard G.F. Visser, Christian W.B. Bachem, Herman 

van Eck 



6 
 

Experimental evidence and community-based revision of potato gene models with automated 

and manual curation ............................................................................................................. 65 
Jan Zrimec, Maja Zagorščak, Marko Petek, Živa Ramšak, Kristina Gruden 

The tomato juhwang mutant has orange fruits by accumulating high level of beta-carotene66 
Seong-Yeop Kim Jung-Won Jung, Jae-Kwang Kim and Jin-Ho Kang 

IV. MOLECULAR BREEDING .............................................................................. 67 

INVITED TALKS .................................................................................................................. 67 

Genetic control of tomato fruit quality: from GWAS to breeding ....................................... 67 
Mathilde Causse, Estelle Bineau, Jiantao Zhao, José Luis Rambla, Juliette Benejam, Marie Brault, 

Yolande Carretero, Esther Pelpoir, Karine Pellegrino, Clémence Plissonneau, Antonio Granell 

ORAL PRESENTATIONS ................................................................................................... 69 

Identification of novel yield regulators using tomato induced variability ........................... 69 
Gabriel Hoang, Daniel Just, Stéphanie Gadin, Jean-Philippe Mauxion, Christophe Rothan, 

Nathalie Gonzalez, Lucie Fernandez-Lochu, Martine Lemaire-Chamley 

Genetic interactions coordinate type-IV trichome development in Solanum spp. and the 

evolution of the micro-trait in the Solanaceae. .................................................................... 70 
Eloisa Vendemiatti, Ana Rita Simões, Lázaro E. P. Peres, Vagner A. Benedito 

A new genetic resource for heat tolerance in tomato - phenotypic characterization of a 

Solanum pimpinellifolium BIL population .......................................................................... 71 
Pawan Kumar, Golan Miller, Neta Bashary, Sarit Vilenchink, Mushka Landa, Michal Lieberman-

Lazarovic 

SPET genotyping within the gene-space for advancing genetics and breeding applications in 

potato ................................................................................................................................... 72 
Sanjeev Kumar Sharma, Karen McLean, Mads Sønderkær, Glenn Bryan 

POSTER PRESENTATIONS ............................................................................................... 73 

Defining genomic selection models in tomato..................................................................... 73 
D’Esposito Daniela, Guadagno Anna , Starace Emilio, Pons Clara, Granell Antonio, Monforte 

Antonio José, Ercolano Maria Raffaella 

DNA-free genome editing via CRISPR/Cas9 ribonucleoprotein delivery in tomato .......... 74 
Ga Hui Kang, Beum-Chang Kang, Jeung-Sul Han, Je Min Lee 

n-Tomatomics: development of novel Greek tomato varieties using next generation tools 74 
Petroula Gemeliari, Michael Iakovidis, Elias Avdikos, Apostolos Kalyvas, Anastasia Kyriakoudi, 

Ioannis Mourtzinos, Rafael Tagiakas, Nicole Ghossain, Athanasios G. Mavromatis, Costas 

Biliaderis, Angelos K. Kanellis, Maria Sampathianaki & Panagiotis Kalaitzis 

TRV-mediated genome editing in tomato ........................................................................... 75 
Kang Hwa-Jeong, Venkatesh Jelli, Seo-Young Lee, Seyoung Lee and Byoung-Cheorl Kang 

Improving performance of genomic selection by using fixed-effect markers for capsaicinoid 

contents in Capsicum spp. ................................................................................................... 76 
Geon Woo Kim, Ju-Pyo Hong, Hea-Young Lee, Jin-Kyung Kwon, Dong-Am Kim, Byoung-

Cheorl Kang 

Identification of the CaAN3 gene as a fruit-specific regulator of anthocyanin biosynthesis in 

pepper (Capsicum annuum) ................................................................................................. 77 
Jinyoung Byun, Tae-Gun Kim, Joung-Ho Lee, Ning Li, Soyoung Jung, Byoung-Cheorl Kang 

Identification of broad bean wilt virus 2 resistance source and genes in hot pepper .......... 79 
Jung-Min Kim, Joung-Ho Lee, Myoung-Suk Han, Se-Ran Park, Na-Young Ro, Jin-Kyung Kwon 

and Byoung-Cheorl Kang 

Genetic mapping of the c1 locus by GBS-based BSA-seq revealed Pseudo-Response 

Regulator 2 as a candidate gene controlling pepper fruit color ........................................... 80 
Soo Bin Lee, Je Min Lee 



7 
 

Unraveling the difference between above and below ground maturity in potato: the role of 

StORE1 ................................................................................................................................ 81 
Li Shi, Laura de Biolley, Maroof Ahmed Shaikh, Salome Prat, RGF Visser, Christian W.B. 

Bachem 

Optimization of terpenoid production in cultivated tomato through identification of novel 

wild-tomato genetic factors ................................................................................................. 82 
Rodrigo Therezan, Marc Galland, Eloisa Vendemiatti, Karla Gasparini, Ruy Kortbeek, Kyle 

Macleod, Andrew J. Thompson, Agustin Zsögön, Rob C. Schuurink, Petra M. Bleeker, Lázaro E. P. 

Peres 

VI. VEGETATIVE GROWTH-DEVELOPMENT ................................................ 83 

INVITED TALK .................................................................................................................... 83 

A two-step auxin-GA cross talk regulates tomato organ patterning .................................... 83 
Alon Israeli, Dov Nir, Naama Teboul, Nave Man,  Matan Levy and Naomi Ori 

Understanding potato production in a changing world ........................................................ 84 
Christian W.B. Bachem, Sara Bergonzi, Li Shi, Lucia Perrez-Borotto, Lorena Gonzales Ramires, 

Csaba Papdi 

ORAL PRESENTATIONS ................................................................................................... 85 

The miR156/SlSBP15 hub regulates shoot architecture by connecting multiple hormone 

pathways in tomato .............................................................................................................. 85 
Carlos Hernán Barrera-Rojas, Mateus Henrique Vicente, Diego Armando Pinheiro Brito, Eder 

M. Silva, Aitor Munoz Lopez, Leticia F. Ferigolo, Rafael Monteiro do Carmo, Carolina M. S. 

Silva, Luciano Freschi, Pilar Cubas, Fabio T.S. Nogueira 

Chilling induces sugar and ABA accumulation that antagonistically signals for symplastic 

connection of the potato tuber buds ..................................................................................... 86 
Raz Danieli and Dani Eshel 

Heat stress induces type-IV trichomes in cultivated tomato ................................................ 87 
Robert Säbel, Nick Bergau, Gerd Balcke, Frank Syrowatka, Alain Tissier 

Ethylene inhibits photosynthesis via temporally distinct physiological, biochemical, and 

molecular responses in tomato ............................................................................................. 88 
Petar Mohorović, Marilien Rinia, Batist Geldhof, Kristof Holsteens, Stijn Daems , Timmy 

Reijnders, Johan Ceusters, Wim Van den Ende, Bram Van de Poel 

POSTER PRESENTATIONS ............................................................................................... 88 

Combined effects of biostimulants and coupled/decoupled aquaponic systems on functional 

and growth responses of tomato .......................................................................................... 89 
Anastasia Mourantian, Maria Aslanidou, Sofia Faliagka, Nikolaos Katsoulas, Eleftheria Maria 

Pechlivani, Efi Levizou 

Effect of different LED lighting spectra application on in vitro shoot proliferation of Petunia 

hybrida explants................................................................................................................... 90 
Stefanos Kostas, Theodora-Nafsika Panagiotidou, Athanasios Economou, Stefanos Hatzilazarou 

CRISPR/Cas9-mediated mutagenesis of the SAMBA gene alters growth and development in 

tomato (cv. Micro-Tom) plants ............................................................................................ 91 
Perla Novais de Oliveira, Marina de Lyra Soriano Saleme, Gabriela de Fátima Cia, Carlos Barrera 

Rojas, Fabio Tebaldi Silveira Nogueira, Nubia Barbosa Eloy 

Underground gibberellin activity: differential gibberellin response in tomato shoots and roots

 ............................................................................................................................................. 92 
Uria Ramon, Hadar Cheriker and David Weiss 

Explore of the gene for glandular/non-glandular trichome formation in tomato ................. 93 
Koichi Sugimoto, Yoko Fujimori, Hiroshi Ezura 



8 
 

V. REPRODUCTIVE GROWTH-FRUIT DEVELOPMENT AND RIPENING 93 

INVITED TALKS .................................................................................................................. 94 

Uncoupling fruit ripening and softening: looking for the Holy Grail .................................. 94 
Mondher Bouzayen 

The importance of endoreduplication for cell patterning in the tomato fruit ....................... 95 
Édouard Tourdot, Pascal Martin, Eli Maza, Anis Djari, Julien Pirrello, Christian Chevalier, 

Nathalie Gonzalez 

Transition to ripening in tomato fruit needs genetic reprogramming initiated in gel tissue 96 
Ximena Chirinos, Shiyu Ying, Elie Maza, Anis Djari, Farid Regad, Mondher Bouzayen, Julien 

Pirrello 

ORAL PRESENTATIONS ................................................................................................... 97 

A ripening-associated ethylene response factor ERF.D7 positively regulates fruit ripening via 

controlling the transcription of ARF2 orthologs in tomato ................................................. 97 
Priya Gambhir, Adwaita Prasad Parida, Vijendra Singh, Utkarsh Raghuvanshi, Rahul Kumar, 

Arun Kumar Sharma 

Autophagy regulates tomato fruit ripening via its crosstalk with ethylene.......................... 98 
Girishkumar Kumaran, Pradeep Kumar Pathak, & Simon Michaeli 

The auxin-responsive transcription factor SlDOF9 regulates inflorescence termination in 

tomato .................................................................................................................................. 99 
Guojian Hu, Keke Wang, Baowen Huang, Isabelle Mila, Pierre Frasse, Elie Maza, Anis Djari, 

Michel Hernould, Mohamed Zouine, Zhengguo Li and Mondher Bouzayen 

Functional characterization of FW2.2, a plasmodesmata located protein ......................... 100 
Norbert Bollier, Arthur Beauchet, Magali Grison, Nathalie Gonzalez, Frédéric Gévaudant, 

Emmanuelle Bayer and Christian Chevalier 

Full penetration of the pollen tube, not fertilization, activates the cell division at the early 

stage of tomato fruit formation resulting in fruit set and development ............................. 101 
Long T. Tran, Koichi Sugimoto, Kasozi Michael, Hiroshi Ezura 

Hormone profiling of tomato reproductive organs reveals the vital role of indole-acetic acid 

conjugation in flower development ................................................................................... 102 
Andrii Vainer, Sayantan Panda, Irina Panizel, Yana Kazachkova, Sarah Breitenbach, Jutta 

Ludwig- Müller, Asaph Aharoni, Hagai Yasuor 

About stable combinations of non-stable genes as reference genes for RT-qPCR data 

normalization ..................................................................................................................... 103 
Anis Djari, Pierre Frasse, Thibault Gillet, Clémentine Dumont, Alexandra Legendre, Mohamed 

Zouine, Christian Chervin, Benoît van der Rest, James J. Giovannoni, Mondher Bouzayen, Julien 

Pirrello, Elie Maza 

POSTER PRESENTATIONS ............................................................................................. 104 

Regulation of flower development and fruit set in tomato by the interaction between auxin 

response regulators and microRNAs ................................................................................. 104 
Nave Man, Alon Israeli, Naama Teboul, Naomi Ori 

Tomato SlCONSTANS 1 represses flowering by inducing SELF-PRUNING 5G activity . 105 
Mateus H. Vicente, Lilian E. Pino, Lazaro E. P. Peres, Federico Valverde, Fabio T. S. Nogueira 

SlCCS52B, part of the APC/C complex, regulates fruit shape in tomato .......................... 106 
Mauxion JP, Bollier N., Hernould M., Chevalier C., Gonzalez N.  

Dissection of QTLs involved in the control of stigma position in tomato ......................... 107 
Alessandro Riccini, Fabrizio Olivieri, Barbara Farinon, Clara Pons, Maurizio E. Picarella, Mathilde 

Causse, Antonio Granell, Andrea Mazzucato 

Jasmonic acid is involved in the regulation of fruit set in tomato ..................................... 108 
Yukako Nomura, Yu Lu, Hirofumi Enomoto, Keiichiro Harada, Ryoichi Yano, Mikiko Kojima, 

Yumiko Takebayashi, Hitoshi Sakakibara, Hiroshi Ezura, Tohru Ariizumi 



9 
 

SlBBX28 positively regulates plant growth and flower number in an auxin‐mediated manner 

in tomato ............................................................................................................................ 109 
Bruno Silvestre Lira, Maria José Oliveira, Lumi Shiose, Mateus Henrique Vicente, Gabriel 

Ponciano Carvalho Souza, Eny Iochevet Segal Floh, Eduardo Purgatto, Fabio Tebaldi Silveira 

Nogueira, Luciano Freschi, Magdalena Rossi 

Dissecting the regulatory regions of the pleiotropic transcription factor FUL2 in tomato 110 
Kai Thoris, Gerco Angenent, Marian Bemer 

VΙΙ. GENOMICS FOR QUALITY AND NUTRITIONAL TRAITS ................. 111 

INVITED TALKS ................................................................................................................ 111 

Improving tomato nutrition: the world fist CRISPR tomato launched to a Japanese market

 ........................................................................................................................................... 111 
Hiroshi Ezura 

The genetic architecture of fruit quality and nutritional traits in Solanaceous crops......... 112 
Giovanni Giuliano and the G2P-SOL consortium 

Biofortified tomatoes with increased levels of flavonoids, crocins and branched-chain amino 

acids ................................................................................................................................... 112 
Marta Vazquez-Vilar, Oussama Ahrazem, Asun Fernandez-del-Carmen, Victor Garcia-Carpintero, 

Margit Drapal, Silvia Presa, Gianfranco Diretto, José Luis Rambla, Ana Espinosa-Ruiz, Paul 

Fraser, Cathie Martin, José Luis Rambla, Ángela Rubio-Moraga, María Lobato, Sarah Frusciante, 

Javier Argandoña, Silvia Presa, Lourdes Gómez Gómez, Diego Orzaez, Antonio Granell 

The genetic and functional analysis of flavor in commercial tomato: the FLORAL4 gene 

underlies a QTL for floral aroma volatiles in tomato fruit ................................................ 113 
Yury Tikunov, Raana Roohanitaziani, Joao Paulo, Richard Finkers, Fatima Carvajal Moreno, Chris 

Maliepaard, Caroline Labrie, Wouter Verkerke, Sjaak van Heusden, Fred van Eeuwijk, Richard 

Visser and Arnaud Bovy 

ORAL PRESENTATIONS ................................................................................................. 114 

Synthesis of nitrogenous volatiles in tomato; exploring a new route ................................ 114 
Jérémie Ghironzi, Christine J. Kempthorne, Blandine Bulot, Louis Felix Nadeau, Yusuke 

Kamiyoshihara, Harry J. Klee, David K. Liscombe, Charles Goulet 

POSTER PRESENTATIONS ............................................................................................. 116 

Genome association studies of the G2P-sol tomato core collection ...................................... 116 
Giuseppe Aprea, Olivia Demurtas, Paola Ferrante, David Alonso, Maria José Diez, Jaime Prohens, 

Ivanka Tringovska, Saleh Alseekh, Alisdair Fernie, Richard Finkers, Giorgio Tumino, Ya-Ping Lin, 

Lorenzo Barchi, and Giovanni Giuliano 

Agronomic and metabolic GWAS of a worldwide eggplant core collection .................... 117 
Luciana Gaccione, Lorenzo Barchi, Laura Toppino, Giorgio Tumino, David Alonso, Maria Rosaria 

Tassone, Hatice Filiz Boyaci, Ya-ping Lin, Jaime Prohens, Sergio Lanteri, Ezio Portis, Giuseppe 

Leonardo Rotino, Giovanni Giuliano, Maria Sulli 

Development of a flavorful dihaploid potato germplasm .................................................. 118 
Samuel Gagnon, Cyntia Belzil, Ariane Poulin, Blandine Bulot, Louis Félix Nadeau, Jonathan 

Tremblay, Helen Tai, Charles Goulet 

Current knowledge on eggplant (Solanum melongena L) QTLs ....................................... 119 
Luciana Gaccione, Matteo Martina, Lorenzo Barchi and Ezio Portis 

VΙΙΙ. ABIOTIC AND BIOTIC STRESSES ........................................................... 120 

INVITED TALKS ................................................................................................................ 120 

Residents turned to friends ................................................................................................ 120 
Kalliope K. Papadopoulou 



10 
 

A prolyl-4-hydroxylase and fascilin-like arabinogalactan proteins are involved in tomato 

abscission regulation and relocation of abscission zone .................................................... 120 
Andreas Perrakis, Dusan Denic, Dimitrios Kaloudas, Anezakis Nikos, Konstantinos N. Blazakis, 

Eleni Giannoutsou, , Craita E. Bita, Myrto Rizou, Afrodite Krokida, Mohamed Kouhen, Athina 

Lazaridou, Khansa Mekkaoui, Samia Belaidi, Zeina El Zein, Mohab Khalil, Lamia Ezzat, Maria 

Kosma, Anna G. González, Aline Monzer, Dimitra Papantoniou, Antri Varnava - Tello, Mondher 

Bouzayen, Ioannis-Dimosthenis S. Adamakis, Azeddine Driouich, Costas G. Billiaderis, Nicolas 

Kalogerakis, Panagiotis Kalaitzis 

ORAL PRESENTATIONS ................................................................................................. 122 

Genome-wide association study of salt tolerance in tomato .............................................. 122 
Hereil Alexandre, Guillaume Maxime, Frédérique Bitton, Van Ommen Matilde, Rabeau Camille, 

Pelpoir Esther, Causse Mathilde 

Development of drought-resilient potatoes with the plantarray and planteye systems ...... 122 
Lucia Sandra Perez Borroto, Marian Oortwijn, Micha Gracianna Devi, Christian Bachem 

Activation of an alternative pathway to sucrose metabolism increases tolerance of potato 

plant to abiotic stress ......................................................................................................... 123 
Paula Teper-Bamnolker, Marina Roitman, and Dani Eshel 

Abiotic stress networks of secondary metabolism detected in Capsicum species by multi-

omics analysis .................................................................................................................... 124 
Julia J. Reimer, Basel Shaaban, Franziska Genzel, Gernot Poschet, Anika Wiese-Klinkenberg, 

Björn Usadel, Alexandra Wormit 

Unravelling regulatory networks involved in heat stress tolerance of potato plants ......... 125 
Selina Beck, Alexander Kaier, Günter Lehretz, Christian Schuy, Uwe Sonnewald, Sophia 

Sonnewald 

Understanding the variable role of tomato roots in response to different abiotic stresses . 126 
Evangelia Stavridou, Emmanouil D. Pratsinakis, Irini Nianiou-Obeidat, Panagiotis Madesis 

Activation of tomato seed defenses through integration of seed and defense priming ...... 127 
Łukasz Paweł Tarkowski, Benjamin Hubert, Muriel Marchi and Jérôme Verdier 

POSTER PRESENTATIONS ............................................................................................. 128 

Comparison of tomato RNA-sequencing data highlights multiple-stress responsive genes128 
Amoroso CG, D’Esposito D., Ercolano M.R.  

Effects of the beneficial endophytic fungus FsK on the physiology and pest tolerance of 

commercial tomato plants under no input glasshouse cultivation ..................................... 129 
Dimitra Angelopoulou, Oxana Tata, Georgia Filippou, Theodoros Anastasopoulos, Dimitrios 

Natsiopoulos, Panagiotis A. Karas, Panagiotis Eliopoulos, Kalliope Papadopoulou 

Using heat – coupling transcriptomics with phenotypic classification to identify novel heat 

stress tolerance mechanisms in tomato landraces .............................................................. 130 
Robin Tim Biermann, Dietmar Schwarz, Frederik Börnke 

Morphological and physiological responses of the African eggplant under the combination of 

salinity and high temperature ............................................................................................. 131 
Noémie David-Rogeat, Martin Broadley, Eleftheria Stavridou 

Moniliophthora perniciosa, the causal agent of Witches’ Broom Disease of cacao, represses 

miR156-targeted SlSBP genes to enhance symptoms in tomato ....................................... 132 
Eder Silva; Rafael Monteiro; Daniele Paschoal; Bruna Queiroz; João Mendes, Laura Cazetta, 

Lucas Oliveira, David Prince; Tamas Dalmay and Antonio Figueira 

Va.Po.Re. a project to improve the breeding of organic processing tomato...................... 133 
Enrico Belfanti, Giacomo Soave, Martina Palazzo, Loredana Sigillo, Katia Di Prodi3, Sara Bonora, 

Stefania Delvecchio 

The endophytic fungus Fusarium solani strain K affects the hormone and metabolite profile 

and alleviates stress of tomato plants under drought conditions ........................................ 134 



11 
 

Maria Feka, María Manresa, Olga Tsiouri, Panagiotis Vletsos, Victor Flors, Kalliope K. 

Papadopoulou 

Additive and epistatic genetic control of reproductive traits under different temperature 

regimens in segregating tomato populations ..................................................................... 135 
Maria Jose Gonzalo, Luciano Maia, Inmaculada Nájera, Carlos Baixauli, David Gil, Teresa 

Montoro, Giovanni Giuliano. Paola Ferrante, Kai-Yi Chen, Maria Jose Asins, Antonio Granell, 

Antonio Jose Monforte 

Transcriptome dynamics during salt stress in olive (Olea europaea L.) cultivar Koroneiki136 
Dikran Tsitsekian, Gerasimos Daras, Dimitris Chatzopoulos, Evangelia-Vasiliki Ladikou, Stamatis 

Rigas, Anastasios Alatzas, Alexia Oikonomou, Margarita Thomopoulou, Panagiota Konstantinia 

Plitsi, Loukia Roka, Ioannis. E. Papadakis, Dimitra Milioni Panagiotis Κalaitzis and Polydefkis 

Hatzopoulos 

Transcriptional analyses at organ scale to identify specific genes governing drought tolerance 

of Mediterranean tomato landraces .................................................................................... 137 
Aina Juan-Cabot, Laura Carrillo, Joaquín Medina, Jeroni Galmés, Miquel À. Conesa 

Leafamine® biostimulant alleviates heat stress effects in tomato ...................................... 138 
Loé Malgouyre, Renaud Sergheraert, Nathalie Gonzalez, Emmanuelle Mounier, Michel Hernould 

and Frédéric Delmas 

Genetic and genomic analysis of tomato response to low nitrogen conditions ................. 139 
Henri Desaint, Alexandre Héreil, Javier Belinchon-Moreno, Yolande Carretero, Esther Pelpoir, 

Michel Pascal, Doriane Dumont, Renaud Duboscq, Frédérique Bitton, Mathilde Causse 

Comparative transcriptomics and metabolomics reveal an intricate priming mechanism 

involved in PGPR-mediated drought tolerance in tomato ................................................. 140 
Anastasia Papadopoulou, Ifigeneia Mellidou, Katerina Karamanoli 

Comparison of drought and heat resistance strategies between Solanum lycopersicum and its 

wild relative Solanum chilense. ......................................................................................... 141 
Rémi Blanchard-Gros, Servane Bigot, Juan-Pablo Martinez, Muriel Quinet 

Impact of salt stress on the reproductive development of Solanum lycopersicum and its wild 

halophyte Solanum chilense. ............................................................................................. 142 
Servane Bigot, Juan-Pablo Martinez, Stanley Lutts, Muriel Quinet 

Shedding light onto unknown territories of geminiviral replication: new prospects for cross-

species plant resistance ...................................................................................................... 143 
Lampros Siskos, Richard J. Kormelink, Jose Riado, Montserrat Enciso, Carlos Garcia, Richard G. 

Visser, Yuling Bai, Henk J. Schouten 

Exploring wild Solanum germplasm for tomato Brown Rugose Fruit Virus (ToBRFV) 

resistance............................................................................................................................ 144 
Romanos Zois, Mireille van Damme, Martin Verbeek, Anne-Marie Wolters, Yuling Bai 

ΙX. SECONDARY METABOLISM ....................................................................... 145 

INVITED TALKS ................................................................................................................ 145 

An integrated chemical and genetic approach to improve tomato flavor quality .............. 145 
Harry Klee, Denise Tieman 

Molecular interactions in tomato specialized metabolism ................................................. 145 
Alain Goossens 

Tomato carotenoids underground ...................................................................................... 146 
Joseph Hirschberg, Amit Koch, Uri Karniel, Tal Makov-Bouaniche, Nurit Bar-Nun, Varda Mann 

and Dani Zamir 

ORAL PRESENTATIONS ................................................................................................. 147 

A game changer: the discovery of a missing link in steroidal glycoalkaloid metabolism in 

Solanum ............................................................................................................................. 147 
Adam Jozwiak, Prashant Sonawane, Sayantan Panda, Sagit Meir, Ilana Rogachev, Asaph Aharoni 



12 
 

Biochemical and genetic approaches to improving tomato flavor ..................................... 148 
Denise Tieman Esther van der Knaap and Harry Klee 

Tandem gene duplication of dioxygenases drives the structural diversity of steroidal 

glycoalkaloids in Solanaceae ............................................................................................ 149 
Ryota Akiyama, Masaru Nakayasu, Bunta Watanabe, Hyoung Jae Lee, Naoyuki Umemoto, 

Toshiya Muranaka, Kazuki Saito, Yukihiro Sugimoto, Masaharu Mizutani 

Bacterial-type PEP carboxylase regulates fruit size and ripening time in tomato, Solanum 

lycopersicum. L.................................................................................................................. 150 
Félix Juan Martínez Rivas, Millie Smith, Saleh Alseekh, William Plaxton, Alisdair R. Fernie 

Elucidating the role of Rubisco and PEPCK in the photosynthetic glandular trichomes of 

tomato ................................................................................................................................ 151 
Alejandro Brand, Alain Tissier 

Transcriptional deregulation of stress-growth balance in Nicotiana benthamiana biofactories 

producing insect sex pheromones ...................................................................................... 152 
Mojca Juteršek, Marko Petek, Živa Ramšak, Elena Moreno-Giménez, Silvia Gianoglio, Rubén 

Mateos-Fernández, Diego Orzáez, Kristina Gruden, Špela Baebler 

A pair of microRNAs controls the unique pigmentation shift in developing eggplant fruit 

skin ..................................................................................................................................... 153 
Sayantan Panda, Louise Chappell-Maor, Luis Alejandro de Haro, Adam Jozwiak, Sachin A. 

Gharat, Andrii Vainer, Laura Toppino, Efrat Almekias‐Siegl, Margarita Pliner, Sagit Meir, 

Giuseppe Leonardo Rotino, Ilana Rogachev, Hagai Yasuor, Asaph Aharoni 

POSTER PRESENTATIONS ............................................................................................. 155 

Exploration of novel hatching factor for potato cyst nematode ......................................... 155 
Ryota Akiyama, Kosuke Shimizu, Atsuhiko Kushida, Keiji Tanino, Bunta Watanabe, Yukihiro 

Sugimoto, Masaharu Mizutani 

Identification of candidate genes controlling capsaiciniod biosynthesis using EMS-induced 

mutants (Capsicum annuum L.) ......................................................................................... 156 
Seungki Back, Joohyun Lee, Joung-Ho Lee, Doyeon Hwang, Byoung-Cheorl Kang 

The BAHD acyltransferase is a key enzyme in the biosynthesis of ripe tomato fruit-

associated glycoalkaloids ................................................................................................... 157 
Sachin A. Gharat, Prashant D. Sonawane, Adam Jozwiak, Ranjit Barbole, Ilana Rogachev, Sagit 

Meir, Ashok P. Giri, Asaph Aharoni 

Tuning early enzyme influx of alkaloid pathway towards low nicotine and high anatabine 

production in Nicotiana tabacum L., cultivar SRI and BY-2 cells .................................... 158 
Melida Rojas, Dominik Mojzita, Tuulikki Seppänen-Laakso, Suvi T. Häkkinen 

E8/27DOX gene mutation in tomato chromosome 9 affecting taste and flavor ................ 159 
Naoyuki Umemoto, Ryota Akiyama, Eiji Yamamoto, Kazuki Saito, Masaharu Mizutani 

X. EXPLORING GENOMES, TRANSCRIPTOMES, PROTEOMES AND 

METABOLOME IN SOLANACEAE PLANTS .................................................... 160 

INVITED TALKS ................................................................................................................ 160 

Advances in Nicotiana omics resources ............................................................................ 160 
Nikolai Ivanov 

The transcription factors MYB21 and MYB24 - role in flower development of tomato .. 160 
Henrikje Smits, Ramona Schubert, Janik Telleria-Marloth, Gerd Hause, Bettina Hause 

ORAL PRESENTATIONS ................................................................................................. 161 

A wide foodomics approach coupled with metagenomics elucidates the environmental 

signature of Protected Geographical Indication potatoes .................................................. 161 



13 
 

Ifigeneia Mellidou, Anastasia Boutsika, Michail Michailidis, Theodoros Moysiadis, Athanasios 

Dalakouras, Christina Skodra, Aliki Xanthopoulou, Georgia Tanou, Maria Ganopoulou, Christos 

Bazakos, Athanassios Molassiotis, Irini Nianiou-Obeidat, Ioannis Ganopoulos 

From protein structural changes to protein functions: discovering novel jasmonate signalling 

regulators by limited proteolysis-mass spectrometry ........................................................ 162 
Jhon Venegas-Molina, Petra Van Damme, and Alain Goossens 

Understanding tomato heat response: a large-scale transcriptomic meta-analysis ............ 163 
Dennis Psaroudakis, Abul Khayer, Leke Victor Aiyesa, Jedrzej Szymanski 

A mini-TGA modulates gene expression through heterogeneous association with 

transcription factors in potato immunity ............................................................................ 164 
Špela Tomaž, Marko Petek, Tjaša Lukan, Karmen Pogačar, Katja Stare, Erica Teixeira Prates, 

Daniel A. Jacobson, Salomé Prat, Anna Coll, Kristina Gruden 

Pepper chromosomal-scale assembly and panproteome analysis potential for analyzing key 

pepper traits ....................................................................................................................... 165 
Sven Warris, Jan van Haarst, Jan Coordewener, Linda Bakker, Hetty Busink, Ronald Nieuwenhuis, 

Christina Papastolopoulou, Thamara Hesselink, Sandra Smit, Elio Schijlen, Sander Peters, Sara 

Diaz-Trivino 

Pangenomics to explore intra- and inter-genomic variation in Solanaceae genomes ....... 166 
Sandra Smit, Eef M. Jonkheer, Roel van Esch, Matthijs Moed, Jorn R. de Haan, Lidija Berke, 

Theo A. J. van der Lee, Dick de Ridder 

POSTER PRESENTATIONS ............................................................................................. 167 

High-resolution mapping of fruit and leaf metabolism using the two newly developed S. 

pennellii BILs populations ................................................................................................. 167 
Esra Karakaş, Shai Torgeman, Dani Zamir, Alisdair R. Fernie and Saleh Alseekh 

Transcriptome profiles of tomato fruit from underutilized Greek germplasm with long and 

short shelf-life properties ................................................................................................... 168 
Ifigeneia Mellidou, Athanasios Koukounaras, Efstathia Patelou, Stefanos Kostas, Angelos K. 

Kanellis 

Transcriptome analysis in cytoplasmic male sterile tomato to elucidate male sterile 

mechanism ......................................................................................................................... 169 
Kosuke Kuwabara, Tohru Ariizumi 

Phasing of potato genomic locus encoding TGA transcription factors using nanopore 

sequencing ......................................................................................................................... 170 
Marko Petek, Špela Tomaž, Kristina Gruden 

Metabolomics of Colorado potato beetle resistance in Solanum okadae........................... 171 
Hanna J. McCoy, Sai Reddy Achakkagari, Cuijuan Zeng, Emily M. McCoy, Pamela MacKinley, 

Jess Vickruck, Martina V. Strömvik, Larry A. Calhoun and Helen H. Tai 

High-quality de novo genome assembly of the Solanum pimpinellifolium TO-937 genome 

using PacBio HiFI Long Read technology ........................................................................ 172 
Harold Gayssant, Clara Pons, Rafael Fernández-Muñoz, Antonio Monforte, Antonio Granell, 

Mohamed Zouine 

Specific ABA-independent gene regulation under the combination of salinity and heat in 

tomato plants ...................................................................................................................... 173 
Miriam Pardo-Hernández, Sara E Martínez-Lorente, Jose M Martí-Guillén, Inmaculada Simon, 

Rosa M Rivero 

Identification and characterization of a cytochrome P450 gene for its role in controlling 

phosphorus use efficiency in tomato ................................................................................. 174 
Abhishek Roychowdhury, Jayshri Bhosale, Pavel Kerchev, Rahul Kumar 

Chromosome-level genomes of the Nicotiana tabacum progenitors, Nicotiana sylvestris and 

Nicotiana tomentosiformis ................................................................................................. 175 
Nicolas Sierro, Sonia Ouadi, Mehdi Auberson, Remi Dulize, Emmanuel Guedj, Nikolai V. Ivanov 



14 
 

Exploring the pangenome of the wild tomato species Solanum pennellii ......................... 175 
Zahra Zangishei, Felix Martinez Rivas, Saleh Alseekh, Alisdair R Fernie and Björn Usadel 

A multiorgan model of potato primary and secondary metabolism captures the principles of 

plant growth and defence ................................................................................................... 176 
Jan Zrimec, Ziva Ramsak, Katja Stare, Kristina Gruden, Zoran Nikoloski 

XI. SOLANACEAE BIOTECHNOLOGY ............................................................. 177 

INVITED TALKS ................................................................................................................ 177 

Fortifying vitamins in tomato using genome editing ......................................................... 177 
Jie Li, Ronan Broad, Vera Thole, Aurelia Scarano, Antonietta Aliberti, Ray Glahn, Eugenio Butelli 

and Cathie Martin 

ORAL PRESENTATIONS ................................................................................................. 179 

Identification of SmAPRR2 as a key gene controlling green pigmentation of the eggplant fruit 

peel ..................................................................................................................................... 179 
Andrea Arrones, Giulio Mangino, David Alonso, Mariola Plazas, Jaime Prohens, Ezio Portis, 

Lorenzo Barchi, Giovanni Giuliano, Santiago Vilanova, Pietro Gramazio 

The tomato ddm1b mutant shows decreased sensitivity to heat stress accompanied by 

transcriptional alterations ................................................................................................... 180 
Prashant Kumar Singh, Golan Miller, Adi Faigenboim and Michal Lieberman-Lazarovich 

Crosstalk between NO and melatonin in ROS-mediated response to abiotic stress 

combination in tomato plants ............................................................................................. 181 
Sara E Martínez-Lorente, Miriam Pardo-Hernández, Jose M Martí-Guillén, Luciano Freschi, Rosa 

M Rivero 

Transgene-free gene editing in Solanum lycopersicum using Potato virus X Vector ........ 182 
Seo-Young Lee, Jelli Venkatesh, Se-young Lee, Hwa-jeong Kang, Joung-Ho Lee, Seungki Back, 

Jung-Min Kim and Byoung-Cheorl Kang 

Biorenewable production of the vaccine adjuvant squalene .............................................. 183 
Eugenia M. A. Enfissi, Margit Drapal and Paul D. Fraser 

POSTER PRESENTATIONS ............................................................................................. 183 

Hijacking long-distance root-to-shoot signals to engineer new plant communication ...... 184 
Brandon Williams, Yinan Wu, Sijin Li, and Margaret Frank 

Newcotiana benthamiana as a cell factory for high value-added (apo) carotenoids ......... 184 
Paola Ferrante, Maria Sulli, Olivia Demurtas, Paola Mini, Giuseppe Aprea, Alessandro Nicolia, 

Luca Dall’Osto, Roberto Bassi, José Antonio Daros, Giovanni Giuliano 

Comparative transcriptome analysis in tomato fruit reveals genes, pathways and processes 

affected by LEC1-LIKE 4 targeted disruption................................................................... 185 
Zoe Hilioti 

XII. APPLIED ASPECTS: CULTIVATION, POSTHARVEST PHYSIOLOGY 

AND HANDLING .................................................................................................... 186 

INVITED TALKS ................................................................................................................ 186 

Postharvest potato tuber as a model system for bud dormancy and vegetative growth ..... 186 
Dani Eshel 

Potential and stability of tomato crop improvement by transgenic research: field evaluation 

of isogenic line homozygous for the introduced transgenes .............................................. 187 
Avtar K. Handa 

Preharvest conditions affecting the fruit quality of Mediterranean long shelf life winter 

tomato ................................................................................................................................ 188 



15 
 

Clara Pons; Joan Casals, Richard Finkers, Jose Luis Rambla, Addriana Sacco, Silvana Grandillo, 

Salvador Soler; Jaime Prohens; Antonio Jose Monforte; Antonio Granell 

Skin cracking in pepper fruit is concomitant with the builup of lignin and affects pre- and 

post-harvest fruit quality .................................................................................................... 189 
Ofir Marinov and Hagai Cohen 

POSTER PRESENTATIONS ............................................................................................. 191 

Selected Streptomyces bacteria helps tomato plants to cope with nitrogen stress ............. 191 
Ciro Caldiero, Laganà L., Teresa Faddetta, Loredana Abbate, Guglielmo Puccio, Vincenzo 

Cavalieri, Antonio Palumbo Piccionello, Francesco Sunseri, Francesco Mercati, Giuseppe Gallo, 

Maria Rosa Abenavoli 

SASSA-SAI: sustainable agriculture for sub-Saharan Africa - Solanum aethiopicum 

improvement ...................................................................................................................... 192 
Gerard Bishop, Eleftheria Stavridou, Tom Passey, Greg Deakin, Mark Else, Xiangming Xu, 

Fekadu F. Dinssa, Rosina Wanyama, Sognigbé N'Danikou, Omary Mbwambo, Elizabeth Kizito, 

Mildred Nakanwagi, Godfrey Sseremba, Prasad Hendre, Samuel Muthemba, Ruth Minja, Asheri 

Kalala, Deusdedith Mbanzibwa 

Eggsplorer: A workflow to rapidly evaluate insect resistance based on oviposition ......... 193 
Micha Gracianna Devi, Dan Jeric Arcega Rustia & Gina Pavlopoulou 

A multi-omics approach highlighted the molecular mechanisms induced by Kocuria 

rhizophila in promoting tomato plant growth .................................................................... 193 
Antonio Mauceri, Teresa Faddetta, Guglielmo Puccio, Giulia Polito, Pasquale Alibrandi, Ciro 

Caldiero, Loredana Abbate, Giovanni Renzone, Marcello Zerbo, Margot Lo Pinto, Edoardo 

Vaccaro, Maria Rosa Abenavoli, Francesco Sunseri, Andrea Scaloni, Vincenzo Cavalieri, Antonio 

Palumbo Piccionello, Giuseppe Gallo, Francesco Mercati 

Revisiting the transcriptomic changes induced by cold stress and chilling injury development 

in tomato fruit .................................................................................................................... 195 
Oscar W. Mitalo, Seung W. Kang, Yasutaka Kubo, Hiroshi Ezura 

Exogenous ethylene does not accelerate fruit ripening of heat tolerant tomato CV. savior196 
Minh Viet Thao Nguyen, Dinh Thi Tran, Maarten L. A. T. M. Hertog, Bart Nicolai 

Screening for novel plant growth promoting microorganisms (PGPMs) with potential 

biostimulant activity on tomato plants ............................................................................... 196 
Giulia Polito, Teresa Faddetta, Loredana Abbate, Pasquale Alibrandi, Marcello Zerbo, Ciro 

Caldiero, Guglielmo Puccio, Edoardo Vaccaro, Maria Rosa Abenavoli, Vincenzo Cavalieri, 

Francesco Mercati, Antonio Palumbo Piccionello, Giuseppe Gallo 

SOLANACEAE 2022 LIST OF PARTICIPANTS ................................................. 197 
 

 

  



16 
 

XVII SOLANACEAE2022 International Conference on the Plant Family of 

Solanaceae 

November 1-5, 2022, THESSLONIKI, HELLAS 

SCIENTIFIC PROGRAM 

 

Tuesday November 1, 2022 

 

16:00-18:30  Registration 

 

18:30-18:40: Introduction to the SOLANACEAE2022  
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TOPICS, CHAIRPERSONS AND TALKS 

 

Wednesday November 2, 2022 

 

I. Exploration of Biodiversity and Evolution (Dani Zamir, Aureliano Bombarely)  
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(The Hebrew University of Jerusalem, Jerusalem, Israel) 
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(Instituto de Biologia Molecular y Celular de Plantas (UPV-CSIC, 
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  (University of Torino, Grugliasco, Italy) 
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  (University of Massachusetts, Amherst, USA) 

 

Fruit trait associations across the wild tomato clade suggest selective 

pressure from seed dispersers 
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 (Universitat Politècnica de València, Spain) 
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10:05--10:35  Coffee Break 

 

Topic II: Metabolome Structure/Metabolomics (Asaph Aharoni, Paul Fraser) 

 

10:35-11:00 Asaph Aharoni (invited talk)  

(Weizmann Institute of Science, Rehovot, Israel) 
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plastoglobuli 

 



18 
 

11:25-11:40 Yury Tikunov (selected talk) 

 (Wageningen University and Research, Wageningen, The Netherlands) 

 

Towards understanding of metabolic diversity of pepper fruit 
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(Royal Holloway University of London, Surrey, United Kingdom) 
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(Centre for Research and Technology Hellas, Thermi, Greece) 
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Topic III: Genetics, Genomics and Epigenetics, (Esther van der Knaap, James 

Giovannoni)  
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(McGill University, Montreal, Canada) 

 

The potato and wild relatives super pan-genome 

 

15:15-15:30 Sander Peters (selected talk) 

(Wageningen University and Research, Wageningen, The Netherlands) 
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to water stress 
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Topic IV Molecular Breeding (Mathilde Causse, Giovanni Giuliano) 

16:20-16:45  Mathilde Causse (invited talk)  

(INRAE, UR1052, Centre de Recherche PACA, Montfavet, France) 

 

Genetic control of tomato fruit quality: from GWAS to breeding 

 

16:45-17:00  Gabriel Hoang (selected Talks) 

(INRAE, Univ. Bordeaux, Villenave d'Ornon, France) 

 

Identification of novel yield regulators using tomato induced variability 

 

17:00-17:15 Eloisa Vendemiatti (selected Talks) 

(West Virginia University, Morgantown, USA) 

 

Genetic interactions coordinate type-IV trichome development in 

Solanum spp. and the evolution of the micro-trait in the Solanaceae 

 

17:15-17:30  Kumar, Pawan (selected Talks) 

(ARO, Volcani Center, Rishon-LeZion, Israel) 

 

A new genetic resource for heat tolerance in tomato - phenotypic 

characterization of a Solanum pimpinellifolium BIL population 

 

17:30-17:45 Sanjeev Kumar Sharma (selected talk) 

(The James Hutton Institute, Dundee, Scotland, United Kingdom) 

 

SPET genotyping within the gene-space for advancing genetics and 

breeding applications in potato 

 

 

 

Topic VI: Vegetative Growth-Development (Christian Bachem, Naomi Ori) 
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17:45-18:10 Naomi Ori (invited talk) 

(Hebrew University of Jerusalem, Rehovot, Israel) 

 

A two-step auxin-GA cross talk regulates tomato organ patterning   

 

18:10: 18:35  Christian Bachem (invited talk) 

(Wageningen University and Research, Wageningen, The Netherlands) 

 

Understanding Potato production in a changing world 

 

18:35-18:50  Carlos Hernán Barrera-Rojas (selected talk) 

(University of São Paulo, São Paulo, Brazil)  

 

The miR156/SlSBP15 regulates shoot architecture by connecting multiple 

hormone pathways in tomato  

 

18:50-19:05  Raz Danieli (selected talk) 

(ARO, Volcani Center, Rishon-LeZion, Israel) 

 

Chilling induces sugar and ABA accumulation that antagonistically 

signals for symplastic connection of the potato tuber buds 

 

19:05-19:20  Robert Säbel (selected talk) 

(Leibniz Institute of Plant Biochemistry, Halle, Germany) 

 

Heat stress induces type-IV trichomes in cultivated tomato 

 

19:20-19:35 Petar Mohorović (selected talk) 

(KU Leuven, Leuven, Belgium) 

 

Ethylene inhibits photosynthesis via temporally distinct physiological, 

biochemical, and molecular responses in tomato 

 

19:35-20:30  Poster Session 

20:30   Dinner at your own  
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Thursday November 3, 2022 

 

Topic V: Reproductive Growth - Fruit Development and Ripening (Nathalie 

Gonzalez, Julien Pirrello) Session organized by COST Action RoxyCost - CA18210 

09:00-09:25 Mondher Bouzayen (invited talk) 

(INP-Toulouse, GBF group, UMR5546 LRSV CNRS/UPS/INPT, 

Castanet-Tolosan, France) 

 

  Uncoupling fruit ripening and softening: looking for the Holy Grail  

 

09:25-09:50- Nathalie Gonzalez (invited talk) 

 (INRAE, Villenave d’ Ornon, France) 

 

The importance of endoreduplication for cell patterning in the tomato fruit 

 

09:50-10:15 Julien Pirrello (invited talk)  

(INP-Toulouse, GBF group, UMR5546 LRSV CNRS/UPS/INPT, 

Castanet-Tolosan, France) 

 

Transition to ripening in tomato fruit needs genetic reprogramming 

initiated in gel tissue 

 

10:15-10:30- Rahul Kumar (selected talk) 

(University of Hyderabad, Hyderabad, India) 

 

A ripening-associated ethylene response factor ERF.D7 positively 

regulates fruit ripening via controlling the transcription of ARF2 

orthologs in tomato  

 

10:30-10:45 Simon Michaeli (selected talk) 

(ARO, The Volcani Institute, Rishon LeZion, Israel) 

 

Autophagy regulates tomato fruit ripening via its crosstalk with ethylene 

 

10:45-11:00 Guojian Hu (selected talk) 

(Ecole Nationale Supérieure Agronomique, UMR, INRA-INP/ENSAT  

Castanet-Tolosan, France) 

 

The auxin-responsive transcription factor SlDOF9 regulates inflorescence 

termination in tomato 

 

 

11:00-11:30 Coffee Break 

 

 

11:30-11:45 Norbert Bollier (selected talk) 

(INRAE, Villenave d’ Ornon, France) 

 

Functional characterization of FW2.2, a plasmodesmata located protein 
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11:45-12:00 Long T. Tran (selected talk) 

(University of Tsukuba, Tsukuba, Japan) 

 

Full penetration of the pollen tube, not fertilization, activates the cell 

division at the early stage of tomato fruit formation resulting in fruit set 

and development 

 

12:00-12:15 Andrii Vainer (selected talk)  

(Weizmann Institute of Science, Rehovot, Israel) 

 

Hormone profiling of tomato reproductive organs reveals the vital role of 

indole-acetic acid conjugation in flower development 

 

12:15-12:30  Elie Maza (selected talk) 

(INP-Toulouse, GBF group, UMR5546 LRSV CNRS/UPS/INPT, 

Castanet-Tolosan, France) 

 

About stable combinations of non-stable genes as reference genes for RT-

qPCR data normalization 

 

 

Topic VII: Genomics for quality and nutritional traits (Hiroshi Ezura, Mondher 

Bouzayen)  

 

12:30-12:55 Hiroshi Ezura (Invited talk) 

(University of Tsukuba, Tsukuba, Japan) 

 

Improving tomato nutrition: The world first CRISPR tomato launched to 

a Japanese market 

 

13:00-14:30 Lunch 

 

14:30-14:55 Giovanni Giuliano (Invited talk) 

(ENEA, Rome, Italy) 

 

The genetic architecture of fruit quality and nutritional traits in 

Solanaceous crops 

 

 

14:55-15:20 Antonio Granell (Invited talk) 

(CSIC, Universitat Politècnica de Valéncia, Valéncia, Spain) 

 

Biofortified tomatoes with increased levels of flavonoids, crocins and 

branched-chain amino acids 

 

15:20-15:55 Arnaud Bovy (Invited talk) 

(Wageningen University and Research, Wageningen, The Netherlands) 

 

The genetic and functional analysis of flavor in commercial tomato: the 

FLORAL4 gene underlies a QTL for floral aroma volatiles in tomato fruit 

15:55-16:10 Charles Goulet (selected talk) 

(Université Laval, Canada) 
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Synthesis of nitrogenous volatiles in tomato; exploring a new route 

 

 

16:10-16:40  Coffee Break 

 

Topic VIII: Abiotic and Biotic Stresses (Bettina Hause, Panagiotis Kalaitzis) 

 

16:40-17:05 Kalliope K. Papadopoulou (invited talk) 

(University of Thessaly, Larisa, Greece) 

 

Residents turned to friends 

 

17:05-17:30  Panagiotis Kalaitzis (invited talk)  

(Mediterranean Agronomic Institute, Chania, Greece 

 

A prolyl-4-hydroxylase and Fascilin-like Arabinogalactan proteins are 

involved in tomato abscission regulation and relocation of abscission zone 

 

17:30-17:45 Alexandre Hereil (selected talk) 

(INRAE, Centre de Recherche PACA, Montfavet, France) 

 

Genome-wide association study of salt tolerance in tomato 

 

17:45-18:00 Lucia Sandra Perez Borroto (selected talk) 

(Wageningen University and Research, Wageningen, The Netherlands) 

 

Development of drought-resilient potatoes with the Plantarray and 

PlantEye systems 

 

18:00-18:15 Paula Teper-Bamnolker (selected talk) 

(ARO, The Volcani Institute, Rishon LeZion, Israel) 

 

Activation of an alternative pathway to sucrose metabolism increases 

tolerance of potato plant to abiotic stress 

 

18:15-18:30 Alexandra Wormit (selected talk) 

(Aachen University, Aachen, Germany) 

 

Abiotic stress networks of secondary metabolism detected in Capsicum 

species by multi-omics analysis 

 

18:30-18:45 Sophia Sonnewald, (selected talk) 

(Friedrich-Alexander-Universität Erlangen-Nürnberg, Erlangen, 

Germany) 

 

Unravelling regulatory networks involved in heat stress tolerance of 

potato plants 

 

18:45-19:00 Evangelia Stavridou (selected talk) 

(CERTH, Thessaloniki, Greece) 

 



24 
 

Understanding the variable role of tomato roots in response to different 

abiotic stresses 

 

19:00: 19:15 Łukasz Paweł Tarkowski (selected talk)  

(INRAE, Université d’Angers, Angers, France) 

 

Activation of tomato seed defenses through integration of seed and 

defense priming 

 

 

19:15-20:15 Poster Session  

 

 

20:15   Dinner at your own 
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Friday November 4, 2022 

 

Topic IX: Secondary Metabolism (Harry Klee, Alain Goossens) 

 

08:30-08:55 Harry Klee (invited talk) 

(University of Florida, Gainesville, USA) 

 

An integrated chemical and genetic approach to improve tomato flavor 

quality 

 

08:55-09:20 Alain Goossens (invited talk) 

(Ghent University, Ghent, Belgium) 

 

Molecular interactions in tomato specialized metabolism 

 

09:20-09:45  Joseph Hirschberg (invited talk) 

(The Hebrew University of Jerusalem, Jerusalem, Israel) 

 

Tomato carotenoids underground 

 

09:45-10:00  Adam Jozwiak (selected talk) 

(Weizmann Institute of Science, Rehovot, Israel) 

 

A GAME changer: the discovery of a missing link in steroidal 

glycoalkaloid metabolism in Solanum 

 

10:00-10:15 Denise Tieman (selected talk) 

(University of Florida, Gainesville, USA) 

 

Biochemical and genetic approaches to improving tomato flavor 

 

10:15-10:30 Masaharu Mizutani (selected talk) 

(Kobe University, Kobe, Japan) 

 

Tandem gene duplication of dioxygenases drives the structural diversity 

of steroidal glycoalkaloids in Solanaceae 

 

 

10:30-11:00 Coffee Break 

 

 

11:00-11:15 Félix Juan Martínez Rivas (selected talk) 

(Max-Planck-Institute, Potsdam-Golm, Germany) 

 

Bacterial-type PEP carboxylase regulates fruit size and ripening time in 

tomato, Solanum lycopersicum L. 

 

11:15-11:30 Alejandro Brand (selected talk) 

(Leibniz Institute of Plant Biochemistry, Halle Germany) 

 

Elucidating the role of Rubisco and PEPCK in the photosynthetic 

glandular trichomes of tomato 
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11:30-11:45 Špela Baebler (selected talk) 

(National Institute of Biology, Ljubljana, Slovenia) 

 

Transcriptional deregulation of stress-growth balance in Nicotiana 

benthamiana biofactories producing insect sex pheromones 

 

11:45-12:00 Sayantan Panda (selected talk) 

(Weizmann Institute of Science, Rehovot, Israel) 

 

A pair of microRNAs controls the unique pigmentation shift in 

developing eggplant fruit skin 

 

 

12:00-13:00 Lunch 

 

 

13:00-19:00  Excursion to Archeological Site of Vergina, the Royal Capital of 

Macedonia (King Philipp II Tomb) 

 

 

20:30-GALA DINNER 
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Saturday November 5, 2022 

 

Topic X: Exploring Genomes, Transcriptomes, Proteomes and Metabolome in 

Solanaceae Plants (Nikolai Ivanov, Jaime Prohens) (sponsored by Philip Morris) 

 

8:30:08:55 Nikolai Ivanov (invited talk)  

(Philip Morris International R&D) 

 

Advances in Nicotiana Omics Resources 

 

08:55-09:20 Bettina Hause (invited talk) 

(Leibniz Institute of Plant Biochemistry, Halle, Germany) 

 

The transcription factors MYB21 and MYB24 - role in flower 

development of tomato 

 

09:20-09:35 Ifigeneia Mellidou (selected) 

(ELGO-DIMITRA, Thessaloniki, Greece) 

 

A wide foodomics approach coupled with metagenomics elucidates the 

environmental signature of Protected Geographical Indication potatoes 

 

09:35-09:50 Jhon Venegas-Molina (selected) 

(Ghent University, Ghent, Belgium) 

 

From protein structural changes to protein functions: discovering novel 

jasmonate signalling regulators by Limited Proteolysis-Mass 

Spectrometry 

 

09:50-10:05 Dennis Psaroudakis (selected) 

(Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, 

Germany) 

 

Understanding tomato heat response: A large-scale transcriptomic meta-

analysis 

 

10:05-10:20 Kristina Gruden (selected) 

(National Institute of Biology, Ljubljana, Slovenia) 

 

A mini-TGA modulates gene expression through heterogeneous 

association with transcription factors in potato immunity 

 

10:20-10:50 Coffee Break 

 

10:50-11:05 Sara Diaz-Trivino (selected) 

(Wageningen University and Research, Wageningen, The Netherlands) 

 

Pepper chromosomal-scale assembly and panproteome analysis potential 

for analyzing key pepper traits 

11:05-11:20 Sandra Smit (selected) 

(Wageningen University and Research, Wageningen, The Netherlands) 
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Pangenomics to explore intra- and inter-genomic variation in Solanaceae 

genomes 

 

Topic XI: Solanaceae Biotechnology (Cathie Martin, Angelos Kanellis) 

 

11:20-11:45 Cathie Martin (invited talk) 

(John Innes Centre, Norwich, United Kingdom) 

 

Fortifying vitamins in tomato using genome editing 

 

11:45-12:00 Jaime Prohens (selected talk) 

COMAV, Universitat Politècnica de València, València, Spain) 

 

Identification of SmAPRR2 as a key gene controlling green pigmentation 

of the eggplant fruit peel 

 

12:00-12:15 Prashant Kumar Singh (selected talk) 

(ARO, The Volcani Institute, Rishon LeZion, Israel) 

 

The tomato ddm1b mutant shows decreased sensitivity to heat stress 

accompanied by transcriptional alterations 

 

12:15-12:30 Rosa M Rivero (selected talk) 

(CEBAS-CSIC, Murcia, Spain) 

 

Crosstalk between NO and melatonin in ROS-mediated response to 

abiotic stress combination in tomato plants 

 

12:30-12:45 Seo-Young Lee (selected talk) 

(Seoul National University, Seoul, South Korea) 

 

Transgene-free gene editing in Solanum lycopersicum using potato virus 

X vector 

 

12:45-13:00 Eugenia M. A. Enfissi (selected talk) 

(Royal Holloway University of London, Surrey, UK) 

 

Biorenewable production of the vaccine adjuvant squalene 

 

 

13:00-14:15 Lunch 

 

 

Topic XII: Applied Aspects: Cultivation, Postharvest Physiology and Handling 

(Antonio Granell, Joseph Hirschberg) 

 

14:15-14:30 Dani Eshel (invited talk) 

(ARO, The Volcani Institute, Rishon LeZion, Israel) 

 

Postharvest potato tuber as a model system for bud dormancy and 

vegetative growth 
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14:30-14-45 Avtar K. Handa (invited talk) 

(Purdue University, West Lafayette, USA) 

 

Potential and stability of tomato crop improvement by transgenic 

research: field evaluation of isogenic line homozygous for the introduced 

transgenes 

 

14:45-15:00 Clara Pons (invited talk) 

(CSIC-UPV, València, Spain) 

 

Preharvest conditions affecting the fruit quality of Mediterranean long 

shelf-life winter tomato 

 

15:15-15:30 Hagai Cohen (invited talk) 

(ARO, The Volcani Institute, Rishon LeZion, Israel) 

 

Skin cracking in pepper fruit is concomitant with the buildup of lignin and 

affects pre- and post-harvest fruit quality 

 

Best Posters Presentations  

 

15:30-15:45 

15:45-16:00 

16:00-16-15 

 

 

16:15-16:45 Coffee break 

 

 

16:45-17:45 Solanaceae and Industry (Nikolai Ivanov, Stan Oome)  

 

 

17:45-18:30 GENERAL DISCUSSION AND CONCLUSION 
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Introduction to the SOLANACEAE2022 

Angelos K. Kanellis and Mondher Bouzayen 

 

OPENING TALK TO THE SYMPOSIUM 

INVITED TALKS 

The vineyards and wines of Northern Greece 

Apostolos Thymiopoulos 
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ABSTRACTS 

I. Exploration of Biodiversity and Evolution  

INVITED TALKS 

Epistatic QTL for yield heterosis in tomato 

Shai Torgeman and Dani Zamir 

The Institute of Plant Sciences and Genetics, Faculty of Agriculture, The Hebrew University of 

Jerusalem, PO Box 12, Rehovot 76100, Israel 

Controlled population development and genome-wide association studies have proven 

powerful in uncovering genes and alleles underlying complex traits. An underexplored 

dimension of such studies is the phenotypic contribution of non-additive interactions 

between quantitative trait loci (QTL). Capturing of such epistasis in a genome wide 

manner requires very large populations to represent replicated combinations of loci 

whose interactions determine phenotypic outcomes. Here, we dissect epistasis using a 

densely genotyped population of 1400 backcross-inbred lines (BILs) between a modern 

processing tomato inbred (Solanum lycopersicum) and the Lost Accession (LA5240) of 

a distant, green fruited, drought tolerant wild species, Solanum pennellii. The 

homozygous BILs, each harboring an average of 11 introgressions and their hybrids 

with the recurrent parents were phenotyped for tomato yield components. Population-

wide mean yield of the BILs was less than 50% of that of their hybrids (BILH). All the 

homozygous introgressions across the genome reduced yield relative to recurrent parent 

while several QTL of the BILHs independently improved productivity. Analysis of two 

QTL scans showed 61 cases of less than additive and 19 cases of more than additive 

interactions. Strikingly, a single epistatic interaction involving S. pennellii QTL on 

chromosomes 1 and 7, that independently did not affect yield, increased fruit yield by 

20-50% in the double introgression hybrid grown in irrigated and dry fields over a 

period of four years. Our work demonstrates the power of large, interspecific controlled 

population development to uncover hidden QTL phenotypes, and how rare epistatic 

interactions can improve crop productivity via heterosis. 

Key words: Solanum pennellii, Yield, Heterosis 
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Acknowledgment: Supported by grants from ISF, G2P-SOL, TOMRES and 

HARNESTOM. 

Insights of the complex origin of the Nicotiana genus, section Suaveolentes 

Lucio D’Andrea1, Nicolas Sierro2, Sonia Ouadi2, Tomas Hasing3, Elijah Rinaldi4, Nikolai 

V. Ivanov2, Aureliano Bombarely1,5 

1Department of Bioscience, Universita degli Studi di Milano, Milan, 20133, Italy 
2PMI R&D, Philip Morris Products S.A., Quai Jeanrenaud 5, CH-2000 Neuchâtel, Switzerland 
3Elo Life Systems, Durham, NC, 27709 USA 
4School of Plant and Environmental Sciences, Virginia Tech, Blacksburg, VA, 24061, USA 
5Instituto de Biologia Molecular y Celular de Plantas (IBMCP) (CSIC-UPV), València, 46011, 

Spain. 

Nicotiana, an herbaceous plant genus, belongs to the Solanaceae family. The genus 

includes 90 naturally occurring species divided into 13 sections, of which five contain 

allopolyploids formed by interspecific hybridization between diploids. Suaveolentes is 

one of the oldest polyploid sections of the Nicotiana genus and includes 38 species, such 

as the well-studied Nicotiana benthamiana. The origin of this clade is dated 6 MYA 

probably through the hybridization of the ancestors of the Sylvestres and the Noctiflorae 

clades. Nevertheless, other studies point to other clades as possible ancestor such as 

Petunioides. In this study we clarify the origin of this clade through the study of whole 

plastome genome phylogenies as well as 411 nuclear genes. Our results agree with 

previous results indicating Noctiflorae as the maternal ancestor of this clade. 

Nevertheless, it also describes a more complex scenario in which at the time of the 

Suaveolentes speciation event around 6 MYA, Alatae and Sylvestres have not splitted 

into separate sections, as well as the Noctiflorae and Petunioides sections. We propose 

that Suaveolentes derives from the hybridization of the Alatae/Sylvetres and 

Noctiflorae/Petunioides ancestors.  

Key words: Nicotiana, Polyploidy, Speciation 

Acknowledgment: The authors would like to acknowledge the BTI Nicotiana 

benthamiana genome consortium for giving access to the last N. benthamiana genome 

version. This version is an improved version of the published version 1.0.1. thanks to the 

data contribution provided by Silin Zhong and Brian Kivtko. The authors would like to 

thank also to the Virginia Tech Advanced Resource Computing (ARC) center for the use 

of the Blueridge system for some assemblies performed in this work. This work was 

funded by Phillip Morris International when AB was affiliated to Virginia Tech. 
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ORAL PRESENTATIONS 

The worldwide population structure of over 3,400 eggplant accessions identified 

by SPET genotyping. 

Lorenzo Barchi1, Ezio Portis1, Sergio Lanteri1, David Alonso2, Maria Josè Díez2, Jaime 

Prohens2, Veronique Lefebvre3, Jeremy Salinier3, Hatice Filiz Boyaci4, Laura Toppino5, 

Giuseppe Leonardo Rotino6, M. Timothy Rabanus-Wallace6, Andreas Boerner6, Nils 

Stein6,7, Richard Finkers8, Matthijs Brouwer9, Arnaud G. Bovy9, Roland Schafleitner10, 

Giuseppe Aprea11 and Giovanni Giuliano11  

1DISAFA, Plant Genetics and Breeding, University of Torino, Grugliasco, Italy 
2Instituto Universitario de Conservación y Mejora de la Agrodiversidad Valenciana COMAV-

UPV, València, Spain 
3INRAE, GAFL, Montfavet, France 
4Bati Akdeniz Agricultural Research Institute (BATEM), Antalya, Türkiye 
5CREA-GB, Montanaso Lombardo, Italy 
6Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany,  
7Center for Integrated Breeding Research, Georg-August-University Göttingen, Göttingen, 

Germany 
8Gennovation B.V., Wageningen, Netherlands 
9Wageningen University & Research, Plant Breeding, Wageningen, The Netherlands 
10World Vegetable Center, Tainan, Taiwan 
11ENEA, Rome, Italy 

G2P-SOL (http://www.g2p-sol.eu)  is an EU-funded project, bringing together the main 

European and international genebanks hosting germplasm of the four major Solanaceous 

crops: potato, tomato, pepper and eggplant. Within the project, about 5,900 eggplant 

accessions, including wild relatives of the crop, were inventoried. To provide genomic 

information on around 3,500 representative accessions, a custom set of 5K SPET probes 

(single primer enrichment technology, TECAN) was designed targeting SNPs evenly 

distributed all over the genome but mainly in gene-rich regions. After library preparation, 

Illumina sequencing and quality filtering, reads were aligned to the eggplant reference 

genome (version 4.1) using BWA-MEM and SNP calling was performed using GATK-

4.1.9. By removing accessions with low coverage sequencing data, 3,412 were retained 

and 120K polymorphic sites identified by applying stringent filtering criteria. Among 

them, 4,306 were SNPs targeted by the 5K probe set, while the remaining were accessory 

off-target SNPs. The identified SNPs provided information for identifying putative 

mislabeled accessions (i.e., wrong species assignment), and duplicates within and 

between genebanks. Moreover, they are exploitable for setting up screening protocols to 

avoid the acquisition of duplications by ex-situ maintainers. 

http://www.g2p-sol.eu/
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The population structure and genetic relationships of the eggplant accessions were 

investigated to build up a core collection for GWAS. Furthermore, based on historical 

phenotypic data available in genebanks, loci associated with key agronomic traits were 

identified. Our results demonstrate that SPET technology represents a valid alternative 

to random complexity reduction methods and arrays, proving a suitable tool for the high-

throughput genotyping, management, and enhancement of genebank collections. 

Key words: Solanum melongena, diversity, SPET 

Acknowledgment: This work was supported by the European Commission, Horizon 

2020 G2P-SOL project (grant agreement no. 677379). 

Fruit trait associations across the wild tomato clade suggest selective pressure from 

seed dispersers. 

Jacob R. Barnett1, Rovin Sharma2, Gina Buonauro2, Maryam Rashidzade3, Ana L. 

Caicedo2 

1Graduate Program in Organismic and Evolutionary Biology, University of Massachusetts 

Amherst, MA 01003, USA 
2Department of Biology, University of Massachusetts Amherst, MA 01003, USA 
3Graduate Program in Plant Biology, University of Massachusetts Amherst, MA 01003, USA 

Flowering plants produce an astounding variety of fleshy fruits, yet the evolutionary 

drivers of this diversity remain poorly understood. Frugivorous animal preferences have 

long been considered a key selective force, yet other factors such as developmental 

constraints, defense, and abiotic conditions may also be important. The wild tomato clade 

(Solanum Sect. Lycopersicon) inhabits a range of environments in western South 

America and presents a unique opportunity to explore fruit trait evolution. We assessed 

variation in disperser-relevant color, nutrition, and morphology traits in ripe fruits among 

13 tomato species grown in common garden conditions. We found a mix of patterns, 

including evidence of two distinct clusters of correlated traits that were largely defined 

by color, sugar type, and malic acid concentration. In contrast, size, total sugars, and total 

acids were quite labile and did not show clear correlation patterns. We also quantified 72 

volatile scent compounds, finding markedly different levels across species for some of 

them, especially lipid-derived and ester compounds. In general, fruits of the 

monophyletic colored-fruited species group shared a number of features that were quite 

distinct from the paraphyletic green-fruited species group, while individual species 

varied as to how well they were differentiated by fruit traits. Our analysis of historical 
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climate variables suggested that abiotic conditions alone do not explain differences in 

fruit traits, as the strongest climate-fruit associations were also aligned with phylogenetic 

relationships. Overall these results support the hypothesis that animal disperser 

preferences are a driver of fruit trait divergence within the wild tomato clade.  

Key words: fleshy fruit, crop wild relatives, trait covariation, dispersal syndrome 

hypothesis, phylogenetic signal 

SPET genotyping of over 15,000 accessions of tomato reveals the genetic structure 

and history of the tomato germplasm at world level 

Blanca, J.* 1, Aprea, G.* 2, Ferrante, P.* 2, Fain, V.V. 3, Alonso, D. 1, Barchi, L. 4, 

Schafleitner, R. 5, Brandt, R. 6, Wallace, M.T. 6, Börner, A. 6, Stein, N. 6, Salinier, J. 7, 

Lefebvre, V. 7, Bovy, A. 8, Boyaci, H.F. 9, Pasev, G. 10, Tringovska, I.10, Zamir, D. 11, 

Prohens, J. 1, Canizares, J. 1, Díez, M.J. 1, Giuliano, G. 2 

1Instituto de Conservación y Mejora de la Agrodiversidad Valenciana – Universitat Politècnica 

de València (COMAV-UPV), València, Spain 
2Italian National Agency for new Technologies, Energy and Sustainable Economic Development 

(ENEA), Casaccia Res. Ctr., Rome, Italy 
3Department of Science, University of Rome “Roma Tre”, Rome, Italy 
4DISAFA, Plant Genetics and Breeding, University of Torino, Grugliasco, Italy 
5The World Vegetable Center (AVRDC), Shanhua, Tainan, Taiwan 
6Leibniz Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany 
7National Research Institute for Agriculture, Food and the Environment (INRAE), GAFL, 

Montfavet-Avignon, France 
8Wageningen University and Research (WUR), Wageningen, The Netherlands 
9Bati Akdeniz Agricultural Research Institute (BATEM), Antalya, Türkiye 
10Maritsa Vegetable Crops Research Institute (MVCRI), Agricultural Academy, Plovdiv, 

Bulgaria 
11Faculty of Agriculture, Hebrew University of Jerusalem, Rehovot, Israel 

*These authors have contributed equally to the study 

Tens of thousands tomato accessions are conserved in genebanks all over the world, 

constituting a valuable source of genes of interest for tomato breeding. Genetic 

characterization of such large collections can improve their management. The G2P-SOL 

project has carried out the largest-scale tomato genotyping to date, by designing a 5k 

probe Single Primer Enrichment (SPET) tomato platform, and used it to genotype a 

collection of over 15,000 accessions from worldwide genebanks. Besides wild species, 

the main genetic groups found were: wild S. lycopersicum var. cerasiforme (SLC) from 

Meso- and Southamerica, early vintage cultivated tomatoes, that genetically are closer to 

SLC than to the bulk of S. lycopersicum var. lycopersicum (SLL), vintage tomatoes, 

mainly from Spain, early improved materials with no introgressions, and more recent 

materials that do include wild species introgressions. The structure of the early vintage 
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accessions mirrored the early history of the cultivated tomatoes. They were widely spread 

across Meso- and South America, probably because they were the cultivated tomatoes in 

those regions before the Spanish arrival. Interestingly, they were also found in other 

geographic regions controlled or influenced by the Spaniards during the between XVII, 

and XVIII centuries, such as the western Pacific (mainly the Philippines) and the 

Mediterranean. History has left many marks in the tomato genomes. For instance, the 

Italian San Marzano is genetically closer to a population of ovoid brasilian early breeds 

that genetically are better characterized as SLC than to most European vintage tomatoes, 

that are SLL. 

Key words: tomato, history, diversity, populations 

 

POSTER PRESENTATIONS 

A 3D imaging approach for characterizing and detecting tomato fruit variation 

Blazakis Kostas1, Marie Abou Zeid1, Michael Iakovidis1, Elias Avdikos2, Apostolos 

Kalyvas3, Athanasios G. Mavromatis2, Penelope Ralli3 & Panagiotis Kalaitzis1 

1Department of Horticultural Genetics & Biotechnology, Mediterranean Agricultural Institution 

of Chania, GREECE 
2School of Agriculture, Aristotle University of Thessaloniki, GREECE  
3Hellenic Agricultural Organization DEMETER, Institute of Breeding and Plant Genetic 

Resources, Thessaloniki, GREECE 

In plant breeding programs, precise and quantitative phenotypic data is of vital 

importance for assessing genotype performance. Accurate measurements from 

phenotypic data together with genotypic data are used for the detection of effective 

quantitative trait loci (QTLs). Traditional two-dimensional tomato fruit morphological 

analysis rely on manual, subjective measurements which are labor intensive n and time-

consuming to assess morphological characteristics. Here in this study, we present a 

methodology for accurate quantification of various morphological characteristics based 

on image analysis tools. A three dimensional scanner was used to capture the fruit shape 

and then by using scientific computing techniques we are able to calculate quantitative 

and qualitative traits related to size, shape, symmetry and presence of additional 

structures (such as the shape of blossom end and depression at peduncle end) on tomato 

fruit. To demonstrate the performance and the utility of our methodology in the detection 

of shape variation, fruits from 22 Greek tomato landraces were analyzed. Statistical 
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analysis and principal components analysis was used to classify fruit into various shape 

categories and to identify the traits that best described shape variation. Finally, the 

proposed methodology might be considered a useful, rapid and reliable image-based tool 

to identify agronomically important morphological attributes that could be applied in 

tomato breeding programmes as a cost effective phenotyping technique.  

TRADITOM a tool to unlocking the European traditional tomato genetic 

resources 

Clara Pons1,2, Joan Casals3, Matthijs Brouwer11, Samuela Palombieri4, Lilian Fontanet5, 

Alessandro Riccini6, Jose Luis Rambla2, Alessandra Ruggiero4, Maria del Rosario 

Figás1, Mariola Plazas1,2,Addriana Sacco4 Athanasios Koukounaras7, Maurizio E. 

Picarella6, Maria Sulli8, Josef Fisher9, Peio Ziarsolo1, Jose Blanca1, Joaquin Cañizares1, 

Maria Cammareri4, Antonella Vitiello4, Giorgia Batelli4,Angelos K. Kanellis10, Richard 

Finkers11, Konstantinos Nikoloudis12, Salvador Soler1, Giovanni Giuliano8, Stefania 

Grillo4, Silvana Grandillo4, Dani Zamir9, Andrea Mazzucato6, Mathilde Causse5, Maria 

José Díez1, Jaime Prohens1, Antonio Jose Monforte2, Antonio Granell2 

1Instituto de Conservación y Mejora de la Agrodiversidad Valenciana (COMAV), Universitat 

Politècnica de València, València, Spain 
2Instituto de Biología Molecular y Celular de Plantas (IBMCP). Consejo Superior de 

Investigaciones Científicas (CSIC), Universitat Politècnica de València, València, Spain 
3Department of Agri-Food Engineering and Biotechnology/Miquel Agustí Foundation, 

Universitat Politècnica de Catalunya, Campus Baix Llobregat, Esteve Terrades 8, 08860 

Castelldefels, Spain 
4Wageningen Univ & Res, Plant Breeding, POB 386, NL-6700 AJ Wageningen, Netherlands 
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During the last decades, there is an increasing interest in the traditional varieties given 

their recognized value as a reservoir of genes, their adaptation to local environments that 

may help to cope with climate change and the interest in identity issues and the recovery 

of tomato taste. However, information on phenotypic and allelic variation of local tomato 

varieties is still limited. To unveil the molecular basis of Southern European tomato 
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phenotypic diversity, we carried out the most comprehensive phenotypic and genomic 

variability analysis on traditional European tomato by using 1) a collection of 1,499 

traditional European tomatoes (TRADITOM collection) and 2) a multipurpose core 

collection (TCC), comprising 227 European traditional tomato accessions that captured 

most of genotypic and phenotypic variation and geographical origin. The TRADITOM 

collection was used to gain insights into the phenotypic and genetic architecture of plant 

and fruit morphological and quality traits. The TTC was used to understand how 

traditional varieties respond to environmental variation, to investigate the genetic 

architecture of the plasticity to the environment and to investigate the metabolic diversity 

and its genetic basis.  The results revealed a broad range of phenotypic variability in 

traditional European tomato and indicated that despite the low molecular polymorphism 

in cultivated and traditional tomato germplasm traditional European tomato is a rich 

repository of crop genetic diversity, as revealed by the detection of both known and new, 

previously unreported, loci 

Key words:  fruit quality, GWAS, metabolomics, traditional 
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Tomato is one of the most important vegetables worldwide, cultivated all year around. 

However, nowadays the genetic base of the most cultivated cultivars is very limited. 

Tomato accessions were widely grown in Greece until they were replaced by improved 

cultivars and hybrids. However, local traditional cultivars can be an important source of 

genetic material with valuable agronomic or organoleptic characteristics. In Greek 

islands, a satisfactory number of accessions are still cultivated even in limited areas, 

which are customized in low-input cultivations systems. The objective of this study was 

to evaluate the tomato accessions of Greek islands cultivated in a low-input production 

system. Therefore 15 Greek island tomato accessions were cultivated in Santorini Island, 

under the usual cultivation practices by the local growers. Agronomic evaluation of the 



39 
 

plants was performed with the use of a phenotypic kit, as well as yield determination and 

fruit chemical composition. Importance and significant differences were detected among 

the accessions, indicating the heterogeneity of the genetic material and the importance of 

the specific knowledge for further use. 

Keywords: Agronomic, Biodiversity, Aegean Landraces 
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Modern breeding methods integrate next-generation sequencing (NGS) and phenomics 

to identify plants with the best characteristics and greatest genetic merit for use as parents 

in subsequent breeding cycles to ultimately create improved cultivars able to sustain high 

adoption rates by farmers. This data-driven approach hinges on strong foundations in 

data management, quality control, and analytics. Of crucial importance is a central 

database able to 1) track breeding materials, 2) store experimental evaluations, 3) record 

phenotypic measurements using consistent ontologies, 4) store genotypic information, 

and 5) implement algorithms for analysis, prediction and selection decisions. Because of 

the complexity of the breeding process, breeding databases also tend to be complex, 

difficult, and expensive to implement and maintain. Here, we present a breeding database 

system, Breedbase (https://breedbase.org/). Originally initiated as the Solanaceae 

Genomics Network (SGN, https://solgenomics.net/) as a genomics and phenomics hub 

for the Solanaceae, we developed it into Cassavabase (https://cassavabase.org/) with the 

NextGen Cassava project (https://www.nextgencassava.org/), to fully manage a breeding 

program in the database. Later the system was developed into a crop-agnostic system. 

Breedbase is presently used by dozens of different crops and projects. The system is web- 

based and is available as open source software. It is available on GitHub 

(https://github.com/solgenomics/) and packaged in a Docker image for deployment 

(https://dockerhub.com/breedbase/). The Breedbase system enables breeding programs 

to better manage and leverage their data for decision making within a fully integrated 

digital ecosystem. 

https://solgenomics.net/
https://cassavabase.org/
https://www.nextgencassava.org/
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The genetic biodiversity of the Solanaceae species conserved in the Greek 

Genebank 
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The Greek Genebank established in 1981 and conserves ex situ over 15.000 accessions 

of plant genetic resources important for food and agriculture, collected the last 40 years 

all over Greece through a number of collecting expeditions. Its main actions include the 

collection, conservation, regenaration and documentation of landraces and crop wild 

relatives. Seeds of these accessions are conserved in cold rooms. In addition, there is a 

collection of grapevines conserved in field genebank. The plant genetic resources’ 

collection data were enriched with characterization and evaluation data with the aim of 

using them in plant breeding programs and sustainable agriculture. From all these 

accessions more than 1000 accessions belong in the family Solanaceae, mainly tomato, 

eggplant, pepper and tobacco. The data from morphological and agronomic 

characteristics of each Solanaceae species were analyzed using Cluster Analysis and 

Principal Component Analysis (PCA). As for the first process, a clustering procedure 

using Euclidean distances and Ward’s clustering method was applied, and dendrograms 

classifying the landraces into different clusters were obtained. PCA resulted into a 

specific number of new variables (Principal Components) explaining ≥80% of total 

variation. A combined assessment of the morphological characterization, the evaluation 

of traits which are related with the yield and the quality, and the different clusters, can 

contribute in the selection of the genetic materials that can be used in breeding programs 

for the development of commercial cultivars with specific characteristics and high 

quality. Moreover, nutritional value and organoleptic assessment and molecular analysis 

facilitate the characterization of these accessions. 

Key words: Conservation, Characterization, Cluster Analysis, Principal Component 

Analysis 
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INVITED TALKS 

Exploring sol species in natural context: lessons from epicuticular waxes and 
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Following the ‘CRISPR revolution’ outdoors experimentation with genome edited plants 

became an accessible approach. For the past years we developed the groundwork and 

initiated such experimentation. This included assembly of a mobile lab on a 4-wheel 

drive truck and examining genome edited metabolic mutants in wild tobacco grown in 

nature. In one set of experiments, we examined the role of the nicotine isomer anabasine, 

the primary alkaloid produced by Nicotiana glauca. Anabasine activity as a defensive 

metabolite against herbivory has been studied extensively. Yet, its role in plants grown 

in natural settings has never been demonstrated. A different set of experiments outdoors 

examined the contribution of epicuticular waxes (present on all plant aerial parts 

surfaces) to plant fitness. In my presentation I will describe our findings that included 

both targeted answers to focused questions, but also surprising results that could only be 

reached while working in natural settings. 



42 
 

Isoprenoid biosynthesis and sequestration in tomato fruit and the role of 

plastoglobuli 

Juliana Almeida, Marilise Nogueira, Laura Perez-Fons, Margit Drapal,  Harriet M Berry, 

Eugenia M. A. Enfissi, and Paul D. Fraser 

School of Biological Sciences, Royal Holloway University of London, Egham Hill, Egham, 

Surrey, TW20 ORB. UK 

Isoprenoids, represent the largest and oldest class of natural products documented. 

Biosynthetically all isoprenoids are related via a common five carbon building block 

(isopentenyl pyrophosphate, IPP). However, IPP synthesis and the formation of 

subsequent end-product isoprenoids is typically compartmentalised. Ripening tomato 

fruit are predisposed to the formation of numerous isoprenoids responsible for conferring 

nutritional quality. For example, this includes the plastid derived carotenoids (including 

provitamin A) and tocopherols (vitamin E). Over the last decade it has been demonstrated 

that modifying carotenoid formation results in the adaption of metabolism but also 

cellular ultrastructure. In addition, it has become evident that targeting valuable 

isoprenoids for enhancement cannot rely solely on biosynthetic solutions but is also a 

matter of metabolic re-programming and sequestration mechanisms for these 

hydrophobic compounds. In the present manuscript (i) carotenoid/isoprenoid 

esterification and (ii) the functional characterisation of plastoglobuli components, will be 

presented as a means of augmenting high level carotenoid deposition. In addition, how 

perturbations to these macromolecular structures can alter the metabolome. 

Understanding these mechanisms will hopefully contribute to future breeding programs 

directed towards improved nutritional quality in Solanaceae fruit crops and the 

production of valuable complex chemicals used in numerous industrial sectors.  

Key words: Isoprenoids, Carotenoids, Esterification, plastids, plastoglobule. 
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Towards understanding of metabolic diversity of pepper fruit 
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Among the Solanacea crops pepper – Capsicum spp – is the only one that can make one 

either smile or cry owing to presence of specific metabolites which pepper fruits 

accumulate. Diverse and recognizable flavor of bell pepper or chilli pepper is determined 

by specific volatile compounds, pungency, caused by capsaicinoids, is essencial in some 
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World’s cuisines, fruit color is determined by carotenoids and flavonoids, nutritional 

quality – by vitamins and antioxidants. World’s gene banks possess a great genetic and 

phenotypic diversity of pepper that could be used to diversify the cultivated pepper 

germplasm. To study how the genetic diversity of the most cultivated pepper species C. 

annuum translates into metabolic diversity ripe fruits of a core collection of 450 

accessions developed in the EU Horizon 2020 G2P-SOL project (http://www.g2p-

sol.eu/) were profiled using different metabolomics platforms for volatile aroma 

compounds using GC-MS and for non-volatile secondary metabolites using LC-MS. 

Wide qualitative and quantitate metabolic variation was observed. Volatile esters, 

alkanes, terpenes and oxylipin volatiles determined the variation in the composition of 

aroma compounds. Flavonoids and capsaicinoids had the major contribution to the 

variation in semi-polar secondary metabolite composition. Compounds from the above-

mentioned groups revealed highly similar quantitative patterns across the core collection 

suggesting a coordinate regulation of compounds that belong to the same biosynthetic 

origin. GWAS was performed using SNP data obtained using genotyping-by-sequencing 

and revealed multiple associations of the metabolic variation with genomic loci 

harboring known and novel candidate genes. 

Key words: Capsicum, metabolomics, GWAS, fruit quality 
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Plants are sessile and therefore have developed an extraordinary capacity to adapt to 

external signals. Here, the focus is on the plasticity of the plant cell to respond to new 
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intracellular cues. Ketocarotenoids are high-value natural red pigments with potent 

antioxidant activity. In the present study, system level analyses have revealed that the 

heterologous biosynthesis of ketocarotenoids in tomato initiated a series of cellular and 

metabolic mechanisms to cope with the formation of metabolites that are non-

endogenous to the plant. The broad multilevel changes were linked to, among others, (i) 

the remodelling of the plastidial membrane, where the synthesis and storage of 

ketocarotenoids occurs, (ii) the recruiting of core metabolic pathways for the generation 

of metabolite precursors and energy, and (iii) redox control. The role of the metabolites 

in directing these cellular and developmental processes is discussed as well as future 

rationale approaches to the development of Solanaceae as plant based biofactories for the 

production of industrial and nutritional chemicals.   

Key words: Ketocarotenoids, metabolism, plastid, adaptation, tomato 
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Targeted transcription factor disruption leads to alterations in stem structure and 
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Plant stem performs important functions in supporting the plant and providing a conduit 

for water and nutrients translocation. Using genome editing technology, we have shown 

that the master transcription factor (TF) LEAFY-COTYLEDON1-LIKE4 (L1L4) is 

involved in tomato plant development and morphogenesis as well as fruit and seed 

composition. Here, we examine the effect of L1L4 disruption on stems of selected tomato 

lines bearing different L1L4 mutations. In mutant lines, whole body phenotypes 

exhibited reclining stems. Stem histochemical analysis revealed changes in spatial 

organization and deposition of lignin, pectic substances and cellulose compared to wild-

type. At a molecular level, the expression of key cell wall-related genes was analyzed 

and showed that L1L4 in involved in their regulation in an allele-specific manner. 

Microscopic observations on dry stems revealed differences in the autofluorescence 

levels of fully differentiated fibers. Biomass characerization showed that most mutant 
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lines had reduced levels of lignin in stems compared to the wild-type. Lignin 

modification is a long-sought goal in plant research as it could potentially bypass the 

need for pretreatment and facilitate bioprocessing. Detailed compositional analysis of 

stems showed variation in extractives. Non-structural components extracted by different 

solvents yielded high value-added organic molecules. Taken together, these results show 

that L1L4 controls the structure and composition of the stems as well as gene expression 

involved in the biosynthesis of lignin, cellulose and pectic substances. 

Key words: Genome editing, tomato stem phenotype, cell wall, biomass 

characterization, lignocellulosic feedstock 
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Preparation and production of bio-based carotenoid reference standards for 
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Carotenoids are important naturally occurring pigments which are abundant across 

nature. They are responsible for the striking red, orange and yellow colours, seen in 

Solanaceae fruit such as tomato and pepper fruit, and due to their conjugated double bond 

structure, they are powerful antioxidants. They are used across multiple industrial sectors 

as natural colourants, food additives and health supplements. In plants metabolite 

profiling of isoprenoid-derived pigments often results in presence of twenty to fifty 

carotenoids present in a selected tissue, with each carotenoid having a different dynamic 

range. In this case standard carotenoid reference materials have become essential in the 

identification of these pigments. Presently, carotenoid reference compounds are not 

readily available and those marketed are chemically synthesised, expensive and lack 

stability. Here methodologies to prepare scalable quantities of specific carotenoids are 

described, including the use of C30 reverse-phase preparative columns to make different 

geometric isomers from renewable by-products. These standard compounds represent a 
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valuable resource for the community and industry and can be used on multiple analytical 

platforms.  

Key words: Carotenoid, reference standards, sustainability 
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There is an inherent gap between the full potential of crop productivity under ideal 

conditions and actual environment-dependent yield. Working towards closing this gap 

will provide major progress on the path toward nutritional sustainability. We therefore 

set to identify and understand new genes and metabolic pathways which regulate tomato 

productivity under water deficit, a condition which negatively affects plant productivity. 

We conducted a large-scale greenhouse experiment which included a population of 360 

diverse tomato accessions that grew under water deficit and well-watered irrigation 

regimes, each in three replicates. Leaves were collected for metabolic profiling by liquid/ 

gas chromatography-mass-spectrometry (GC/LC-MS), and metabolic quantitative trait 

loci (mQTL) were identified using genome-wide associated (GWAS).  

Multiple metabolites mapped to two mQTL, one with significant environmental effect. 

One potential underlying gene was identified and selected for further research. In order 

to elucidate the role of these metabolites in stress response and the relationship of the 

metabolites to the gene of interest (GOI), we performed both downregulation of the GOI 

in tomato using virus induced gene silencing (VIGS) and over expression in tobacco 

leaves (using agro infiltration) of the GOI and analyzed the metabolic changes. 

Furthermore, exogenous application of a small metabolite mapped to the mQTLs on 

tomato leaves resulted in improved stress response and significant changes in the 
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metabolic landscape of the treated plants. Our results suggest that this novel metabolite 

might play an important natural role in tomato leaves under stress. 

Key words: tomato, water deficit, mQTL, abiotic stress 
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Wild relatives and semi-domesticated germplasm of cultivated plants provide a 

significant reservoir of genetic diversity for key regulators of quality traits. Future crop 

improvement relies on harnessing this diversity. However, mining semi-domesticated 

and wild germplasm for beneficial alleles is not straightforward because fruit quality is 

typically a quantitatively inherited trait. One critical quality trait is the flavor of produce 

such as tomato is a combination of taste and smell. Taste is determined by the levels and 

balance of sugars and acids in the fruit. The smell is thought to be contributed by up to ~ 

400 different volatiles that are emitted by the fruit, especially when consuming the 

produce. We have analyzed the genome sequence and the volatile aroma of a diverse 

tomato population ranging from fully wild S. pimpinellifolium to fully cultivated S. 

lycopersicum lycopersicum accessions collectively called the Varitome Collection. 

GWAS and mapping for one such volatile, methyl salicylate, resulted in the discovery of 

a new gene that encodes a methyl esterase, responsible for the conversion of methyl 

salicylate to salicylic acid. The research also showed that the locus encodes up to four 

methyl esterases and that the genetic variation at the locus is huge, especially in the wild 

parents S. pimpinellifolium. Mainly driven by genome structural variants, the function of 

the different methyl esterase haplotypes and interaction with other loci in tomato will be 

discussed.  
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The evolution of ovule-containing carpels in the angiosperm lineage was a key 

innovation serving to protect seeds and facilitate their dispersal. In fact, the varied 

development exhibited by different angiosperm fruit types is often directly related to the 

method of seed dispersal.  It is noteworthy that most molecular ripening studies focus on 

the fruit flesh, which is derived from the pericarp in tomato or alternative floral tissues 

such as the receptacle in pomes. Only recently have investigations more holistically 

examined maturation in additional fruit tissues including the locule, which undergoes 

liquefaction in tomato and additional species just prior to pericarp ripening.  In tomato 

the earliest expression of ripening-associated genes also begins in the locular tissue, 

which transitions prior to ripening to become the gel-like tissue surrounding the seeds. 

We have examined tomato fruit development and ripening to identify aspects of fleshy 

fruit development and ripening altered in the absence of seeds. While ripening 

parameters were similar between seeded and parthenocarpic fruits, our analysis revealed 

a substantial reduction in locule liquefaction prior to ripening of seedless fruits. These 

changes were associated with reduced locule expression of the RIN MADS-box 

transcription factor, the SlDML2 DEMETER-like DNA demethylase and numerous cell 

wall genes in addition to altered promoter methylation. The initiation of climacteric 

ripening correlated with restoration of locular liquefaction to that of seeded fruit, 

suggesting that pre-ripening locule changes are separable from the broader ripening 

program and seed-dependent, while carpel ripening is seed-independent.  

Key words: tomato, fruit ripening, locule, cell wall, parthenocarpy 
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Gene duplication and subsequent paralog diversification creates a reservoir of natural 

variation and is a major source of phenotypic diversity in plants. Recent duplication 

events, especially duplications in closely related plant lineages, are hallmarks of rapid 

evolution but are difficult to accurately detect and explore without high quality reference 

genomes. Moreover, highly heterozygous genome assemblies are especially prone to 

false regions of duplication, further complicating paralog analysis in non-model 

systems. Here we present a pan-genome composed of over 20 phenotypically, 

ecologically, and agriculturally diverse species spanning the Solanum genus. To produce 

highly accurate reference genomes for each species we combined PacBio HiFi 

sequencing, BioNano optical mapping, Hi-C sequencing, and Oxford Nanopore long-

read sequencing to assemble highly accurate, reference-quality assemblies. Our project 

tests the hypothesis that paralog diversification is highly dynamic over short evolutionary 

time scales (~16 MYA), with a goal of revealing how variation in paralogs shapes 

species-specific phenotypes. We specifically explore gene conservation, structural 

variation, core k-mers, and transposable element age using these high-quality reference 

genomes. To broadly explore paralog evolution and its contribution to ecological and 

agricultural adaptations, both orphan crops and their wild relatives are captured. After 

assembly and annotation, we collate alleles across the genus within our pan-genome, 

with a focus on variation within and near paralogous genes as candidates for CRISPR 

targeted mutagenesis. The combination of functional genomics and gene editing 

experiments will shed light on biological mechanisms and agriculturally relevant 
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genotype-to-phenotype relationships that are shaped by paralogs and their diversification 

over short time scales.  

Key words: Pan-genome, Computational genomics, Paralog evolution, Solanum, 

Orphan crops 

Endogenous virus small RNAs regulate gene expression following genome shock in 

tomato hybrids 
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Hybrids (progeny from two different species or genera) may display characteristics that 

are out of the range of the parents. For that reason, hybridisation has been exploited in 

crop breeding programmes for centuries to obtain plants that produce more fruits or are 

more vigorous. Interspecific hybrids may undergo “genomic shock,” as coined by 

Barbara McClintock, leading to perturbation of gene expression and activation of 

transposons. Genomic shock can be seen as a source of heritable variation, able to trigger 

extensive phenotypic effects. However, the molecular mechanisms associated are not 

well understood. Small (s)RNAs can mediate gene silencing at transcriptional or 

posttranscriptional level. In hybrids, sRNAs from one parent may find new targets in the 

genome of the other parent, modifying gene expression1. We have observed2 changes to 

gene expression in interspecific Solanum hybrids associated with small RNAs derived 

from endogenous (para)retroviruses (EPRV). There were prominent changes to sRNA 

profiles in these hybrids involving 22nt species produced in the DCL2 biogenesis 

pathway and the hybridisation-induced changes to gene expression were like those in a 

dcl2 mutant. These findings indicate that hybridisation leads to activation of EPRV, 

perturbation of small RNA profiles and, consequently, changes in gene expression. Such 

hybridization-induced variation in gene expression could increase the natural phenotypic 

variation in natural evolution or in breeding for agriculture. 

Key words: small RNAs, gene expression, transposable element, hybrid 
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In diploid S. tuberosum, the production of 2n gametes with a somatic (2n) rather than a 

haploid (n) number of chromosomes has been widely reported. Evolutionary important 

for their central role in sexual polyploidisation, 2n gametes also have practical value for 

potato breeding as they link diploid and tetraploid germplasm by allowing interploidy 

crosses. Despite early articles making the case for a monogenic recessive inheritance, the 

genetic basis of 2n gametes production in S. tuberosum has remained elusive. We 

generated three diploid potato full-sib populations and a GWAS panel segregating for 2n 

pollen production and genotyped them using PotatoMASH, an amplicon sequencing 

strategy. During two growing seasons, the ploidy level of pollen grains was derived from 

their diameter by microscope image analysis to estimate 2n pollen production levels. 

While the ability to produce 2n pollen seems to be essentially explained by the genotype, 

the level of 2n pollen production appears to segregate quantitatively. A total of five QTLs 

were identified with the two major ones being replicable across populations. They 

interacted additively while following a recessive inheritance and colocalised with the 

orthologs of AtJASON involved in the production of 2n pollen via first division restitution 

in A. thaliana. This agrees with the cytological observations of fused metaphase II plates 

detected during the meiosis of some of the parental clones. Those findings could be used 

to shuttle a curated set of alleles from the newly developed inbreeding diploid germplasm 

to the traditional tetraploid germplasm of commercial potato. 

Key words: potato, meiosis, 2n gamete, QTL 
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Potato (Solanum sp., family Solanaceae) has over 100 wild relatives in the Solanum 

section Petota, which features species with both sexual and asexual reproduction and 

ploidy levels ranging from diploid to hexaploid. A Petota super pan-genome was 

constructed using 296 accessions including diploids and polyploids. Presence/absence 

variation (PAV) was investigated and it was revealed that the Petota core and shell 

genomes are enriched in basic molecular and cellular functions, while the cloud genome 

(genes present in less than 3% of the member accessions) showed enrichment in 

transposable elements (TEs). The Petota Clade 1+2, Clade 3 and Clade 4 were clearly 

distinguished in a phylogenetic tree, with characteristic core genes for each clade. In 

addition, a sub-clade of Clade 4 grouped accessions with in vitro propagation history, 

and the genomes of this group were enriched in TEs. The pan-genome will serve as a 

reference for PAV analysis for additional sequenced potato and wild relative accessions. 

Key words: potato, pangenome, wild relatives  
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Progress in sequencing technologies and unambiguous read mapping to the accurately 

assembled and annotated tomato reference genome has enabled genome-wide screening 

of recombinant haplotypes between interspecific crosses of tomato and related wild 

species. The recombination landscape established from hybrid pollen matches with 
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previously published linkage maps. Profiling of meiotic crossovers (COs) and gene 

conversions (GCs) at nucleotide level not only provides insight into the gross similarities 

of recombination, but also points to a major role for transposable elements (TEs) and 

structural variations (SVs) in shaping the recombination landscape in tomato hybrids. 

Whereas CO suppression in heterochromatin is more associated with retrotransposon 

elements, CO enriched regions are associated with DNA transposon superfamilies and 

accessible chromatin regions (ACRs). Specifically, elements like Gypsy and Copia 

display a closed chromatin state, while DNA transposons like Stowaway and Tip100 

exhibit an open chromatin state. Whereas the majority of the conserved coldspots are 

within the retrotransposon-rich heterochromatin, cross-specific coldspots are observed in 

the gene-rich euchromatin regions. These coldspots are enriched in chromosome regions 

heterozygous for structural variants between the parental genomes, likely prohibiting 

proper chromosome synapsis during meiosis and preventing CO recombination. Such 

regions typically contain gene complexes that relate to adaptation and speciation. Our 

results suggest that SVs and TEs contribute significantly to shaping the recombination 

patterns by inhibiting COs, which may have been vital in the fixation of specific alleles 

during domestication. 

Key words: recombination, tomato hybrid, crossover, transposable element, structural 

variation 
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Due to expected climate challenges, it is imperative to deepen our understanding of plant 

water stress tolerance mechanisms in order to bring our new crop varieties to maximal 

performance. Both stress response and plant metabolism are complex multi-gene traits. 

In order to compose a comprehensive understanding of genes regulating the metabolic 

response to water stress we converged three extensive “omics” methods. A large panel 
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of tomato accessions was grown under control and reduced water conditions. Sampled 

leaves were submitted to global transcriptomic and high-coverage metabolomic profiling 

by liquid and gas chromatography-mass-spectrometry (LC/GC-MS) for polar and semi-

polar and compounds. Metabolite quantification was integrated with high-density 

genomic SNP information provided for all accessions using genome-wide association 

studies (GWAS). Metabolite-gene expression correlations improved identification of 

target genes. This approach yielded 192 consistent metabolic quantitative trait loci (QTL) 

in control conditions and 186 QTL in reduced water. Of them, 38 QTL overlapped, and 

others were unique to each condition. One such QTL was associated with over 60 

metabolites, which were significantly correlated with the expression of a gene from the 

little studied serine-carboxypeptidase-like family. Three other genes from this family 

were expressed in the leaves, each differing in their response to reduced water. In another 

QTL, metabolites were significantly correlated to a Purine permease family gene under 

water stress when gene expression was elevated. Selected QTL genes were validated by 

VIGS and transient OE. To conclude, the method combination produced a powerful 

association detection triangle allowing insight into metabolite-gene networks regulating 

tomato stress response. 

Key words: water stress, secondary metabolism, genomic mapping, GWAS,  

transcriptomics 
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Related species have been used in tomato breeding as sources of resistance to many 

diseases. Genetic maps based on progenies issued from interspecific crosses highlighted 

chromosomal rearrangements between the cultivated tomato (Solanum lycopersicum) 

and related species. Genome rearrangements limit therefore the use of the tomato 

reference genome sequence to study interesting loci in related species. High-quality 

genomes from tomato-related species are available for S. pimpinellifolium and 

S. pennellii. However, no high-quality genome is available to date for S. habrochaites, a 

species carrying resistance to several pests and pathogens. We thus constructed a 

reference genome of S. habrochaites, using a combination of PacBio Hifi sequencing 

and Hi-C technology for scaffolding. Following the PacBio Hifi sequencing, we 

assembled the genome with a total size of 1.03Gbp in 959 contigs, with N50 of 14 Mb, 

using Hifiasm software. Then, the contigs were scaffolded using Hi-C data to obtain 

chromosome-scale pseudo-molecules. Finally, the assembly was polished using Illumina 

short reads. We aim to use this novel reference genome of S. habrochaites to accurately 

identify resistance QTLs in regions rearranged between the genomes of S. habrochaites 

and of cultivated tomato. 

Key words: Solanum habrochaites, long-read sequencing, PacBio 
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Trichomes are protruding epidermal cells in plant specie, which act as the first defense 

layer against biotic and abiotic stresses. Despite the essential role of tomato trichomes in 

defense against herbivores, the understanding of their development remains elusive. 

Therefore, the aim of this study was to identify genes involved in trichome formation and 

morphology and terpene synthesis, using transcriptomic techniques. To achieve this, we 

examined leaf morphology and compared the expression levels of some putative genes 

involved in trichome formation between wild-type (WT) and hairless-3 (hl-3) tomato 

mutant. The hl-3 plants displayed swollen and distorted trichomes and reduced trichome 

density (type I and IV) and terpene synthesis compared with that of the WT plants. Gene 

expression analysis showed that ARPC1 was expressed more highly in the WT than in 

the hl-3 mutant, indicating its critical role in trichome morphology and density. 

Additionally, the expression of MYC1 and several terpene synthase genes (TPS9, 12, 20), 

which are involved in type VI trichome initiation and terpene synthesis, was lower in the 

hl-3 mutant than in the WT plants. Moreover, transformation of the hl-3 mutant with WT 

ARPC1 restored normal trichome structure and density, and terpene synthesis. Structural 

and amino acid sequence analysis showed that there was a missplicing mutation in the 

hl-3 mutant, which was responsible for the abnormal trichome structure and density, and 

impaired terpene synthesis. Overall, the findings of this study demonstrated that ARPC1 

is involved in regulating trichome structure and terpene synthesis in tomato. 

Key words: Hl-3, Terpene, Tomato, Trichome development 
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During meiosis homologous chromosomes should be separated in a balanced way to 

ensure that each gamete will receive a complete chromosomal set. Desynapsis is a failure 

to maintain chromosome pairing until metaphase I because of a limited number of 

crossing-over, which leads to unbalanced chromosome segregation and the formation of 

sterile gametes. However, when desynapsis is combined with another meiotic mutation 

that restitutes the first meriotic division, then highly heterozygous fertile 2n gametes are 

produced. Such a modified meiosis, which approximates mitosis in its ability to maintain 

parental heterozygosity, is of great interest to breeders. Desynapsis inheritance was 

described as recessive, and the trait was tentatively mapped to chromosome 8 in a 

historical diploid S. tuberosum bi-parent population. We generated from the same cross, 

a large population segregating for desynapsis and 2n pollen production and, genotyped 

it using a skim-sequencing approach. During two growing seasons, desynapsis was 

assessed by combining microscopic observations on stainability and diameter of pollen 

grains indicative of their viability and ploidy. The trait was then mapped to a region of 

chromosome 8 colocalizing with the ortholog of AtMSH4, involved in the type I crossing 

over pathway. A seven base-pair insertion in the second exon of StMASH4 was identified 

in the allele associated with desynapsis in this population. An identical allele, apart from 

a 3,820 bp insertion in place of the seven bp one, was identified in clone RH89-039-16. 

Complementation test performed between StMSH4 alleles with the long and the short 

insertion resulted in desynapsis indicting that both alleles are non-functional. 

Key words: potato, meiosis, desynapsis, crossing-over 
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Nicotiana benthamiana is currently the most globally important plant biotechnology 

platform and a widely adopted plant research tool. Its progenitors have been 

allotetraploid for ~ 6MY during which the genome has experienced transposable element 

(TE) proliferation, chromosome and gene loss, and rearrangement. We have developed 

a multi-omics reference set, including platinum quality genome assemblies for the LAB 

and QLD ecotypes, and identified their microRNA complements, epigenetic landscapes, 

subgenomic memberships, metabolic composition and the regions favoured for transgene 

and TE integration. Genomic analysis revealed intergenic region expansion and long 

range synteny with the chromosomes of other Solanaceae. The 19-chromosome ~3Gb N. 

benthamiana genome shows advanced diploidization with the preservation of only ~45% 

of both functional homoeologous genes, 8 homeologous chromosome pairs, loss of 5 

chromosomes, and 3 orphan chromosomes.  Massive segmental autopolyploidization, 

presumably through repeated and extensive “duplication/deletion” homoeologous 

recombination, has produced highly chimeric chromosomes comprised of genes from the 

putative ancestral parents N. sylvestris and N. glauca. Two recent bursts of Copia 

mobility, 750 kYA and 75kYA. These relatively recent events likely contributed to 

ecotype diversification and genome diploidization, while an earlier Gypsy proliferation 

is common to the whole Nicotiana genus and contributed mainly to the intergenic 

expansion. QLD appears to have a higher gene number and more functional pathways 

than LAB which, combined with their inter-fertility, high-quality genome assemblies, 

easy transient and stable transformation and editing, make this a powerful resource 

partnership.  
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We identified two loci controlling yield, fruit size, and locules number using genome 

wide association study (GWAS). We validated the quantitative trait loci (QTLs) using 

genetic markers for each QTL in eight bi-parental F2 populations (200-400 plants in 

each). The populations were chosen to differ in allele of the specific QTLs and be as 

similar as possible in the genomic background to prevent unwanted variation. Four 

populations were chosen to have allelic variation in QTL 1, and two in QTL 2. The last 

two were chosen to have allelic variation in both QTLs, in order to check epistatic 

interactions, which were implied by our GWAS results. 

The eight populations were grown in a greenhouse experiment during the winter of 2022. 

We measured the diverse fruit traits on almost 3000 plants in the experiment including 

ten plants from the parent lines. We extracted DNA from each of the plants and 

developed parent differentiating markers for each QTL.  

The marker for QTL 2 is based on an insertion of 12bp, which co-segregates with the 

GWAS lead SNP, and is found within the coding region of a gene in the QTL. 

The marker characterization of F2 plants is currently in progress. In one population the 

fruit size trait is significantly associated with the marker for QTL 2.  

Next, we will study the spatial and temporal gene expression of candidate genes which 

are located in the QTLs. We will also use transgenic plants, generating overexpression 

and loss of function knock out lines. 

Key words: QTL, yield, marker, fruit size. 
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Compared to the studies on acute irradiation of seeds, fewer studies have reported on the 

chronic irradiation of seedlings, particularly in fruit-bearing vegetables. The effects of 

chronic gamma irradiation on tomato (Solanum lycopersicum ‘Micro-Tom’) seedlings 

subjected to gamma rays (50, 100, 150, and 200 Gy) for four weeks were investigated. 

As the total dose of gamma rays increased, Leaf length, trichome density, and seed 

number were reduced in the irradiated seedlings (M1). Additionally, there were variations 

in fruit shape. Chronic gamma irradiation suppressed the expression of two trichome-

related genes and altered the expression levels of 11 reactive oxygen species (ROS)-

related genes. We studied the transmittance of these effects using M2 plants. The 

trichome density and fruit shape were similar between M2 and control plants; however, 

a leaf length and seed number reduction were detected in M2 plants. Interestingly, 

changes in the transcripts of four ROS-related genes (ZAT10, Mn-SOD, POD3, and 

RBOH1) found in M1 were detected in M2 plants. Thus, the effects in phenotype and gene 

expression induced by chronic gamma irradiation were transmitted to the next 

generation. Additionally, we discovered novel mutants in M2 plants, implying that 

chronic gamma irradiation may be considered in tomato mutation breeding. 
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Nucleotide-binding leucine-rich repeat (NLR) is an important domain for plant disease 

resistance genes by recognizing pathogens or turning on the plant immune system against 

external stress. Even its importance for breeding resistant crops, highly repetitive NLR 

gene structure, and hundreds of homologous NLR genes make it challenging to fine-map 

the resistance gene in crops. Here, we comprehensively identified NLR genes using 

twelve pepper genomes combined with resistance gene enrichment sequencing (RenSeq) 

approaches. A total of eleven pepper accessions, six Capsicum annuum, and five other 

Capsicum species accessions, were used for RenSeq analysis. All RenSeq reads were 

aligned to twelve pepper genomes and predicted an average of 765 intact NLR genes. 

These predicted genes were used to construct the pan-NLRome in C. annuum. In 

addition, RenSeq reads were aligned to the most high-quality pepper genome, 

‘Dempsey’, and used to extract SNPs and small indels on a genome-wide scale. These 

two genomic datasets, pan-NLRome and genome-wide variants in pepper genome were 

applied to the NLR clustered region compared with other pepper genomes. These 

methods could reveal the genomic differences and clarify the candidate resistance gene 

in the root-knot nematode resistance locus (Me7). Combined with bulked segregant 

analysis (BSA) RenSeq method, we found one strong candidate gene for root-knot 

nematode resistance in the Me7 locus. These genomic approaches could be helpful in 

revealing the NLR resistance gene that has complex genome structures in pepper. 

Key words: Resistance gene enrichment sequencing, Capsicum annuum pan-genome, 
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For the last two decades, EU-researchers and EU-funded projects have made important 

contributions in characterizing tomato genetic resources of relevance for the EU 

economy/agriculture. However, this information is still untapped in the literature or in 

databases from diverse projects. Information is not connected, has different architectures, 

or uses different descriptors, units, etc. Therefore an effort is needed to collect all the data 

and information and make them easily available to the different stakeholders. 

Furthermore, data related to accessions in seedbanks/germplasm banks contain only 

passport data and a very basic phenotypic accessions description. However, what would 

make them more valuable would be to have information about the genetics/phenotypic 

traits associated to each accession. By collecting this information for a large number of 

accessions and making it accessible in a single repository together with tools will result 

in a boost in the utilization of accessions conserved in Germplasm Banks and facilitate 

breeding. We have built the HarnesstomDB v1.0, a comprehensive publicly available 

open-source multi-omics database for harnessing the potential of tomato germplasm 

collections for breeding. HarnesstomDB enables to store, integrate and interconnect 

curated omics data from different projects, trials and experiments including images using 

a controlled vocabulary and accepted standards. HarnesstomDB v1.0 can store 

phenotypic, metabolic, genotyping and variant data. To upload, manage, retrieve and 

search information, HarnessTomDB has a web interface. The high impact will then 

derive from the unique opportunity of having all the data produced so far in tomato 

projects, together with the display tools, in a single-stop shop. 
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Structural variation is as a major contributor to genome and trait evolution. In particular, 

gene duplications create opportunities for the emergence of genetic redundancies, 

changes in gene dosage, and the evolution of novel gene functions through paralog sub- 

and neo-functionalization. Such variation can also limit the predictability of gene loss-

of-function phenotypes in different species. Here we present our ongoing work to 

assemble high-quality chromosome-scale genomes across the highly diverse genus 

Solanum to understand how gene duplications and paralog evolution have contributed to 

trait diversity and the predictability of genome editing for crop improvement. The 

Solanum contains staple crops such as eggplant, potato, and tomato, as well as numerous 

partially domesticated minor crops, such as the Scarlett eggplant (S. aethiopicum). We 

are leveraging a combination of long-read sequencing, optical mapping, and Hi-C to 

sequence and identify large-scale structural variation, which include gene duplications 

and losses during the evolution of the genus. We find that duplications are widespread 

for genes known to regulate ecologically and agriculturally important traits such as 

pigmentation and fruit size, even over short evolutionary time scales; for example, among 

long-read resequenced accessions of S. aethiopicum. Our Solanum Pan-Genome is 

allowing for mapping of such traits to candidate loci as well as targeted editing of traits 

to rapidly improve domestication traits of both orphan crops and edible wild species 

throughout the genus.  
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QTL analysis on tuber number and shoot branching in potato 

Xulan Wang1, Corentin Clot1, Elena del Pup1, Richard G.F. Visser1, Christian W.B. 

Bachem1, Herman van Eck1 
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Tuber number is an economically important trait that determines marketable yield and 

suitability for niche markets. Sufficiently high tuber numbers are required during clonal 

reproduction of seed tuber production for growers. However, the trade-off associated 

with a high reproduction rate is a smaller tuber size. We assumed that tuber number is 

partially determined by plant architecture traits such as stolon branching which in turn 

could be linked to shoot branching. We studied shoot branching and tuber number using 

a diploid segregating population (N=1536). QTL mapping identified two highly 

significant major-effect loci on chromosome 3 and 9 for shoot branching, and minor-

effect loci mapping to chromosomes 2, 5, 6, 10 and 11. The major-effect QTL on chr3 

was also significant in a panel of tetraploid commercial varieties analysed with GWAS. 

A TCP transcription factor, StBRC1a, regulating shoot and stolon branching, is located 

in this region. Tuber number from true seedlings showed strong positive correlation with 

branching, and mapped to chromosome 5 and 3, colocalizing with StCDF1 and StBRC1a, 

respectively. 

Key words: potato, tuber number, shoot branching  

Experimental evidence and community-based revision of potato gene models with 

automated and manual curation 

Jan Zrimec1, Maja Zagorščak1, Marko Petek1, Živa Ramšak1, Kristina Gruden1 

1 National Institute of Biology, Večna pot 111, 1000 Ljubljana, Slovenia 

Solanum tuberosum is among the most important food crops and a model tuber crop 

species. Apart from novel wild potato and pan-genome assemblies, the doubled 

monoploid (DM) clone of group Phureja DM1-3 516 R44 was until recently the standard 

variety on which gene models were defined. Multiple DM versions were introduced by 
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different consortia (PGSC, ITAG and Buell Lab, MSU), sequencing and assembling up 

to ~88% of the potato genome that spanned between 35,004 (ITAG) and 49,322 (PGSC 

v4.04) gene models, with the recent nanopore long read assembly DMv6.1 annotating 

32,917 high-confidence protein coding genes. However, we observe that the recent 

DMv6.1 models overlook certain known genes with important molecular functions, as 

they do not account for previous gene model information. An example is the transcription 

factor TGA2, an essential regulator of hormonal signalling. Apart from these incomplete 

annotations negatively affecting further experiments, existing published results using 

previous gene model versions (including e.g. AlphaFold structure predictions) have 

become out-dated, making it essential to update and consolidate gene predictions. Hence, 

we expand our recent DM merge of ITAG and PGSC-v4 with the DMv6.1, integrating 

the different gene models. In addition, we include experimental-based evidence from our 

pan-transcriptome, thereby creating an improved and more accurate potato gene model 

for downstream analyses. Finally, we present these revised gene models within a web 

server interface that can be updated by the research community on-site to further improve 

them. 

Key words: solanum tuberosum, genome assembly, gene models 

The tomato juhwang mutant has orange fruits by accumulating high level of beta-

carotene 

Seong-Yeop Kim1 Jung-Won Jung2, Jae-Kwang Kim2 and Jin-Ho Kang1,3 
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Carotenoids are carbohydrate compounds that have diverse functions in producing and 

consuming organisms. The cultivated tomato (Solanum lycopersicum) has red color fruits 

due to the accumulation of lycopene, one of the carotenoids. Here, we generate the single-

recessive mutant with orange color fruits from the proton-treated mutant population in 

the Korea Atomic Energy Research Institute (Gyeongju-si, Gyeongsangbuk-do, 

Republic of Korea). So we named this mutant juhwang (jh). There were no 

developmental differences, including leaf and flower color and plant height in the jh, 

except for the orange fruit color. According to a carotenoid analysis, jh fruits synthesize 
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more β-carotene, the orange pigment, and less lycopene than wild-type fruits. It was 

confirmed that the expression levels of lycopene biosynthetic genes (PSY1, PDS, ZISO, 

ZDS, and CrtISO) were similar or decreased in jh fruits during each fruit ripening stage. 

The expression levels of lycopene downstream genes will be analyzed to find which gene 

is responsible for orange fruit color in the jh mutant. 

Key words: carotenoids, orange color, ripening, tomato 

Acknowledgment: This work was supported by grants from the New Breeding 

Technologies Development Program (Project No. PJ01653201) from the Rural 

Development Administration, Republic of Korea, and by the Basic Science Research 

Program (NRF-2022R1A2C1008643) through the National Research Foundation of 

Korea (NRF) funded by the Ministry of Education, Republic of Korea. 

 

 

 

 

IV. Molecular Breeding 

INVITED TALKS 

Genetic control of tomato fruit quality: from GWAS to breeding 
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Tomato flavor has changed over the course of domestication and later during breeding 

although it was not a target for breeders until recently. For years consumers complained 

about the taste of modern varieties. Flavour and nutritional quality thus became important 
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goals for tomato breeders. Although tomato taste is influenced by environmental and 

post-harvest conditions, the varieties show a large diversity for sensory traits as welle as 

fruit composition. We will present our recent work intended to improve tomato fruit 

quality. Since the availability of large numbers of SNP, genome-wide association studies 

(GWAS) were performed on several panels of tomato lines. We thus performed a meta-

analysis of GWAS for 18 traits, combining results on 775 tomato accessions and 

2,316,117 SNPs from three GWAS panels. We discovered 305 significant associations 

for the contents of sugars, acids, amino acids and flavor-related volatiles. We showed for 

instance that fruit citrate and malate contents have been impacted by selection during 

domestication and improvement, while sugar content has undergone less stringent 

selection. Volatile organic compound contents also evolved and some trends for 

improvement were identified. More recently we checked the inheritance of volatiles at 

the hybrid level in order to help the production of F1 hybrids with good quality.  We will 

discuss how to use these data to improve tomato quality. 

Key words: tomato; fruit quality; breeding; genome-wide association; genomic 

selection  
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Identification of novel yield regulators using tomato induced variability 

Gabriel Hoang1, Daniel Just1, Stéphanie Gadin1, Jean-Philippe Mauxion1, Christophe 

Rothan1, Nathalie Gonzalez1, Lucie Fernandez-Lochu1, Martine Lemaire-Chamley1 

1INRAE, Univ. Bordeaux, UMR1332 Biologie du fruit et Pathologie, F33882 Villenave d'Ornon, France 

Fruit yield depends both on the flowering of the plant and on its capacity to sustain fruit 

development until the ripe stage. In addition, it relies on the interaction between genetic 

factors and environmental inputs. Uncovering the genetic basis of this complex 

quantitative trait was mainly investigated using natural variability in tomato, with 

particular outcomes due to the merging of genomes, such as heterosis, or to genetic 

background effects on yield evaluation. Here, we proposed to search for novel alleles 

regulating tomato fruit yield using Micro-Tom EMS mutants. Evaluation of total yield 

over several generations allowed us the selection of two tomato mutants presenting a 

steady increase of fruit yield from 13 to 27 %. Phenotyping of yield trait components in 

F2 segregant populations associated to a mapping-by-sequencing strategy (Garcia et al., 

2016), combined with KASPAR genotyping and bulk segregant analysis, was undertaken 

in order to identify causal mutations in both mutants. Our first results suggest that the 

high yield observed in both mutants results from a combination of 1 to 4 loci with positive 

or negative effects on fruit yield components. Major alleles are currently under 

investigation by CRISPR-Cas9 mutagenesis and by studying the effect of allelic 

combination interactions on yield. In parallel, the relevance of the high-yield alleles for 

breeding strategies is evaluated by transfer into different tomato cultivars.  

Key words: Yield, Tomato, Mapping-by-sequencing, KASPAR, CRISPR-Cas9 
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Genetic interactions coordinate type-IV trichome development in Solanum spp. 

and the evolution of the micro-trait in the Solanaceae. 
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Specific types of glandular trichomes confer broad-spectrum resistance against herbivory 

in tomato due to the production of acylsugars. The taller type-I trichomes are scanty in 

all Solanum species. In contrast, type-IV trichomes are present on cotyledonary and 

juvenile leaves but absent on the leaves of mature plants of tomato cultivated varieties. 

This demonstrated that S. lycopersicum has the genetic machinery to develop these 

structures and that the trait is under developmental control. We have recently shown that 

multiple loci are involved with type-IV trichome development from our analyses of MT-

Get, the Galapagos-enhanced trichome, an introgression created from S. galapagense 

into cv. Micro-Tom genetic background.  MT-Get has sustained high-density type-IV 

trichomes in mature plants, but acylsugar accumulation was low. Here, we expanded this 

investigation by segregating each Get locus into sublines, narrowing down their genomic 

limits, and exploring epistatic interactions between individual Get loci and a weak allele, 

the HD-ZIP IV transcription factor Woolly (Wom). We further introgressed alleles from 

S. galapagense into MT-Get and selected lines with different acylsugar profiles like 

Galapagos acyl moiety (MT-gym). We started exploring the evolution of the microtrait 

“presence of type-IV trichomes on leaves of mature plants” in the Solanum clade and the 

Solanaceae at large. Our preliminary data show that all Solanum species can develop 

type-IV trichomes in juvenile plants. Still, only some species (or, in some cases, 

accessions within the species) sustain the development in the adult phase. This finding 

has implications for cropping breeding of Solanaceae for arthropod resistance.  

Keywords: Glandular trichomes, acylsugars, herbivory, tomato.  
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A new genetic resource for heat tolerance in tomato - phenotypic characterization 

of a Solanum pimpinellifolium BIL population 

Pawan Kumar, Golan Miller, Neta Bashary, Sarit Vilenchink, Mushka Landa, Michal 

Lieberman-Lazarovich * 

Institute of Plant Sciences, Agricultural Research Organization, Volcani Center, Rishon LeZion 

7505101 7 Israel 

*Correspondence: michall@volcani.agri.gov.il ; Tel.: +972-3-9683465 

Crop productivity is majorly affected by environmental conditions, particularly heat 

stress, posing a threat to food security. Tomato (Solanum lycopersicum), an important 

vegetable crop, is highly susceptible to elevated temperatures. Significant fruit yield loss 

was noted in tomato under heat stress conditions leading to a decrease in growers 

revenue. Solanum pimpinellifolium, a wild species closely related to the cultivated 

tomato, was shown to have beneficial attributes under various abiotic stress conditions. 

In our study, we are trying to develop a new genetic resource that is tolerant to heat stress 

originated from a cross between Solanum pimpinellifolium and Solanum lycopersicum. 

A new population of backcross-inbred lines (BILs) was phenotypically characterized 

based on various important factors such as pollen germination, pollen viability, fruit-set 

and seed-set, in order to evaluate its performance under heat stress conditions. Significant 

differences were noted among the BILs for the heat stress related traits. Further, highly 

heat stress tolerant lines were identified and are being throughly investigated in order to 

link specific tolerance traits with specific S. Pimpinellifolium introgressions using 

molecular markers. Thereby, overall our results unravel the important individual heat 

tolerant lines that could be served as a new genetic resource for identifying the heat stress 

related genetic loci for the future development of heat stress tolerant tomato cultivars. 

Key words: Heat stress, tomato, breeding, genetic resource, crop productivity 

Acknowledgment: The authors are thankful to Agricultural Research Organization, 

Volcani Institute for providing all the necessary reserach facilites. This project is funded 

by the Israeli Ministry of Science and Technology.  

mailto:michall@volcani.agri.gov.il


72 
 

SPET genotyping within the gene-space for advancing genetics and breeding 

applications in potato 
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Sequence-based Genotyping has become the preferred method of choice for high-

throughput low-cost genotyping as compared to array technologies due to the several 

advantages it provides. This includes greater flexibility and scalability, and the capability 

to scan polymorphisms without prior knowledge, characteristics of an ‘open system’ 

genotyping platform. However, the main sequence-based genotyping approaches 

employing reduced genome representation using restriction digestion or targeted 

enrichment have their shortcomings, especially in outbreeding species. The restriction 

digestion-based methods scan the genome at random loci, however, for many 

applications such as genomic selection and fine mapping genotyping at specific loci, 

genes or genomic regions is desirable. On the other hand, genotyping at specific target 

regions using enrichment technologies is not as cost effective as more random 

approaches, library preparation is more laborious and time consuming, and only limited 

multiplexing options are available. Genes are the main entities governing trait attributes 

in any organism and ideally a genotyping approach covering all genic regions is needed 

for genetic and breeding applications. We have developed a novel genotyping strategy 

mainly targeting the gene-space in potato using the Single Primer Enrichment 

Technology (SPET)TM platform. SPET provides a very robust and efficient enrichment 

system and circumvents some of the limitations mentioned above by combining array-

like SNP targeting strategy along with the random sampling of variants of traditional 

genotyping-by-sequencing methods. As a test case SPET was applied on a diverse 

association mapping panel of 287 tetraploid potato genotypes phenotyped for several 

important traits and insights from this undertaking will be presented. 

Key words: Potato, Single Primer Enrichment Technology (SPET), Genotyping 
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Defining genomic selection models in tomato 

D’Esposito Daniela1, Guadagno Anna1 , Starace Emilio1, Pons Clara 2, Granell Antonio2,  

Monforte Antonio José2, Ercolano Maria Raffaella1 
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Genomic selection (GS) is a breeding strategy that makes use of statistical models to 

predict the phenotype of individuals based on the whole-genome genotype. The 

performance of GS depends on the prediction accuracy that in turn can be affected by 

many interconnected factors, including the genetic architecture of the target trait, the 

marker density, the statistical method for model construction and the training population 

size and composition. Successful implementation of GS in breeding programs requires 

careful consideration of these factors. 

The goal of this study was 1) to evaluate the accuracy of genomic selection for 

morphological and agronomic traits in different tomato breeding populations and 2) to 

estimate the impact of some factors (population size and marker density) on genomic 

prediction accuracy. 

Our results showed that the prediction accuracy of the model was largely dependent to 

the genetic structure of population and the characteristics of target trait. Increasing the 

training population size resulted in increased accuracy across all the measured traits. An 

increase of marker densities, for almost all the traits, resulted in raised accuracy. 

However, above a threshold the increase of marker density showed a very little 

improvement of prediction accuracy. In conclusion, these findings illustrate the effect of 

some parameters on the accuracy of the models. Optimized and validated GS protocols 

can lead to the definition of efficient genomic selection schemes for tomato breeding.  

Key words: Solanum lycopersicum, genomic selection, molecular markers, breeding 

population, prediction accuracy  

Acknowledgment: We thank EU Horizon 2020 no. 634651 (TRADITOM) and no. 

677379 (G2P-SOL) project coordinators to provide us tomato varieties sequence datasets 



74 
 

DNA-free genome editing via CRISPR/Cas9 ribonucleoprotein delivery in tomato 
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CRISPR/Cas9 ribonucleoproteins enable DNA-free genome editing, thus, protoplast 

culture is essential to develop mutant plants. However, Solanum lycopersicum ‘Heinz 

1706’ that represents a model cultivar for tomato genome analysis has not yet been 

studied. The factors affecting the protoplast culture have been optimized including 

hormone combinations, sugar types, and mannitol concentrations. To evaluate the editing 

efficiency using protoplasts of Heinz 1706, we have deployed the polyethylene glycol-

mediated transfection for editing the TYLCV resistance gene, ty-5. Editing efficiencies 

and major editing patterns were varied depending on designed sgRNAs with the highest 

efficiency (8.71 %). These results will help to increase the efficiency of DNA-free 

genome editing in tomato. 

Key words: CRISPR-Cas9 RNPs, Protoplast culture, transfection, DNA-free genome 

editing 
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Tomato production in Greece has been dominated by hybrid seeds, developed mainly by 

multinational companies, without taking into consideration the extensive variation in 
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desirable traits of local landraces related to physicochemical properties, sensory, 

resistance to abiotic stress, which have been acclimated to local conditions since the 

19th century. n-Tomatomics is a multidisciplinary project aimed at assessing, 

characterizing, and improving with useful traits the main collection of Greek local tomato 

varieties that exist in the Greek Seed Bank and in national plant breeding laboratories 

and departments. Local varieties like Santorini, Makedonia, Oxheart, Pantarosa, Lotos, 

and others, are grown in commercial greenhouse and field conditions to improve yield 

potential, disease resistance, fruit quality traits, appearance, and postharvest behavior. 

Utilizing Omics approaches, genomic, transcriptomic, and metabolomic information is 

being extracted for each variety and assessed for breeding potential alongside agronomic 

and marketing performance indicators. Interesting traits have been identified in these 

varieties controlling hybrid vigor, ethylene signaling, fruit shape, fruit color, carotenoid, 

and lycopene content, which are being investigated. Complex breeding strategies like 

classical reverse breeding using recurrent selection under honeycomb experimental 

design or pure line selection with moving average method, are being implemented to 

generate hybrid vigor and transgressive segregants, in order to incorporate novel traits, 

which will propel these local varieties to a commercially competitive level for the Greek 

farmers and reverse the decline in tomato production of the last 20 years. 

TRV-mediated genome editing in tomato 

Kang Hwa-Jeong1, Venkatesh Jelli2, Seo-Young Lee2, Seyoung Lee2 and Byoung-Cheorl 

Kang2 
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Sciences, Seoul National University 1 Gwanak-ro, Gwanak-gu, Seoul 08826, Republic of Korea 
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and Life Sciences, Seoul National University 1 Gwanak-ro, Gwanak-gu, Seoul 08826, Republic 
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Clustered Regularly Interspaced Palindromic Repeats/CRISPR-associated protein 9 

(CRISPR/Cas9) enables rapid and simple plant breeding by introducing desired traits 

directly into elite lines in a short time. Transgene-free gene editing is possible with virus-

induced genome editing (VIGE) technologies that deliver CRISPR components into 

plants using viruses. VIGE has only been applied to model plants such as Arabidopsis 

and Nicotiana benthamiana. Here, we introduced mutations in tomatoes using Tobacco 

rattle virus (TRV)-mediated genome editing (GE) system. For this, the Cas9 gene was 

transformed into Solanum lycopersicum (tomato) cv. Micro-Tom. Single-guide RNAs 



76 
 

(sgRNAs) targeting the phytoene desaturase (PDS) gene were delivered through the 

TRV vector into Cas9 transgenic tomatoes. Mutations in the target region were 

confirmed in plants infiltrated with TRV-sgRNA. When the 37°C heat treatment was 

performed for 4 hours a day for 3 days, the editing efficiency in the infiltrated leaves 

increased from 33.4% to 44.2%. Photobleached shoots were also observed among 

regenerated shoots from infiltrated leaves due to biallelic knockout of the PDS gene. For 

higher editing efficiency and heritable editing, mobile sgRNAs with the Flowering locus 

T (FT) and tRNA-Ile sequences attached to 3’ of the sgRNA sequence were introduced 

to the TRV vector and the heritability of gene editing without tissue culture is being 

tested. 

Key words: Tomato, Clustered Regularly Interspaced Palindromic Repeats/CRISPR-

associated protein 9 (CRISPR/Cas9), virus-induced genome editing (VIGE), Tobacco 

rattle virus (TRV) 
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Capsaicinoids provide chili peppers (Capsicum spp.) with their characteristic pungency. 

Several structural and transcription factor genes are known to control capsaicinoid 

contents in pepper. However, many other genes also regulating capsaicinoid contents 

remain unknown, making it difficult to develop pepper cultivars with different levels of 

capsaicinoids. Genomic selection (GS) uses genome-wide random markers (including 

many in undiscovered genes) for a trait to improve selection efficiency. In this study, we 

predicted the capsaicinoid contents of pepper breeding lines using several GS models 

trained with genotypic and phenotypic data from a training population. We used a core 

collection of 351 Capsicum accessions and 96 breeding lines as training and testing 
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populations, respectively. To obtain the optimal number of single nucleotide 

polymorphism (SNP) markers for GS, we tested various numbers of genome-wide SNP 

markers based on linkage disequilibrium. We obtained the highest mean prediction 

accuracy (0.550) for different models using 3,294 SNP markers. Using this marker set, 

we conducted GWAS and selected 25 markers that were associated with capsaicinoid 

biosynthesis genes and quantitative trait loci for capsaicinoid contents. Finally, to 

develop more accurate prediction models, we obtained SNP markers from GWAS as 

fixed-effect markers for GS, where 3,294 genome-wide SNPs were employed. When four 

to five fixed-effect markers from GWAS were used as fixed effects, the RKHS and RR-

BLUP models showed accuracies of 0.696 and 0.689, respectively. Our results lay the 

foundation for developing pepper cultivars with various capsaicinoid levels using GS for 

capsaicinoid contents. 

Keywords: Pepper, Capsaicinoid, Genomic selection, Genome-wide association study, 

Fixed-effect 
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The key regulatory gene CaAN2 encodes an R2R3 MYB transcription factor that 

regulates anthocyanin biosynthesis in various tissues in pepper (Capsicum annuum). 

However, CaAN2 is not expressed in certain pepper accessions showing fruit-specific 

anthocyanin accumulation. In this study, we identified the novel locus CaAN3 as a 
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regulator of fruit-specific anthocyanin biosynthesis, using an F2 population derived from 

a hybrid cultivar with purple immature fruits and segregating for CaAN3. We extracted 

total RNA, assembled two RNA pools according to fruit color, and carried out bulked 

segregant RNA sequencing. We aligned the raw reads to the pepper reference genome 

Dempsey and identified 6,672 significant single nucleotide polymorphisms (SNPs) by 

calculating the Δ(SNP-index) between the two pools. We then conducted molecular 

mapping to delimit the target region of CaAN3 to the interval 184.6–186.4 Mbp on 

chromosome 10. We focused on Dem.v1.00043895, encoding an R2R3 MYB 

transcription factor, as the strongest candidate gene. Sequence analysis revealed four 

insertion/deletion polymorphisms in the promoter region of the green CaAN3 allele. We 

employed virus-induced gene silencing and transient overexpression assays to 

characterize the function of the candidate gene. When Dem.v1.00043895 was silenced 

in pepper, anthocyanin accumulation decreased in the pericarp, while the transient 

overexpression of Dem.v1.00043895 in Nicotiana benthamiana leaves resulted in the 

accumulation of anthocyanins around the infiltration sites. These results showed that 

Dem.v1.00043895 is CaAN3, an activator of anthocyanin biosynthesis in pepper fruits. 

Key words: Anthocyanin, Fine-mapping, Capsicum, R2R3 MYB transcription factor, 

Virus-induced gene silencing. 
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Broad bean wilt virus (BBWV) belongs to the Fabavirus genus and contains two single-

strand RNAs. BBWV is a threatening virus with a broad host range, including bean, 

spinach, grape, and pepper. Previous studies reported two BBWV1 isolates and six 

BBWV2 isolates, and their host range is steadily expanding. In this study, we screened 

1047 pepper genetic resource accessions (GRA) provided by the Korean gene bank using 

the BBWV2-PAP1 strain. As a result, we obtained eight candidates of BBWV2-PAP1 

resistant accessions. The putative resistant accessions were cross-checked using 

symptom index scoring and the enzyme-linked immunosorbent assay (ELISA) method. 

Screening the F1 generation of resistant (SNU-0) and susceptible (ECW30R) accessions 

resulted in susceptible phenotypes, which indicates that the resistance gene is a recessive 

allele. We also used recombinant inbred line (RIL) of BBWV2-PAP1 resistant and 

susceptible accession for further analysis. RILs derived from a cross between resistant 

accession ‘SNU-0’ and susceptible accession ‘ECW30R’ were used for bulked segregant 

RNA sequencing (BSR-seq) analysis. By calculating the SNP index and ∆SNP values 

using QTL-seq R package, we were able to locate a putative resistance gene region on 

chromosome 12. These results will contribute to breeding BBWV2 resistant cultivars in 

pepper. 

Keywords: BBWV2, pepper, genetic resource, recessive resistance, BSR-seq 
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Genetic mapping of the c1 locus by GBS-based BSA-seq revealed Pseudo-Response 

Regulator 2 as a candidate gene controlling pepper fruit color 
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The loci c1, c2, and y have been widely reported as genetic determinants of ripe fruit 

colors in pepper. However, c1, which may impact reduced pigmentation in red, orange, 

and yellow fruits, is not well understood. Two cultivars showing peach or orange fruit in 

Capsicum chinense ‘Habanero’ were found to have c2 mutation and were hypothesized 

to segregate c1 locus in the F2 population. Habanero peach (HP) showed a reduced level 

of pigments and total soluble solids in immature and ripe fruit. A microscopic 

examination of the fruit pericarps revealed smaller chloroplasts and less stacked 

thylakoid grana in HP. The expression of genes related to chlorophyll and carotenoid 

biosynthetic pathways were reduced in HP. To identify the genomic region of the c1 

locus, bulked segregant analysis combined with genotyping-by-sequencing was 

employed on an F2 population derived from a cross between Habanero orange (HO) and 

HP. One SNP at chromosome 1 was strongly associated with the peach fruit color. Pepper 

Pseudo-Response Regulator 2 (PRR2) was located close to the SNP and cosegregated 

with the peach fruit color. A 41 bp deletion at the third exon-intron junction region of 

CcPRR2 in HP resulted in a premature termination codon. A nonsense mutation of 

CaPRR2 was found in C. annuum ‘IT158782’ which had white ripe fruit coupled with 

null mutations of capsanthin-capsorubin synthase (y) and phytoene synthase 1 (c2). 

PRR2 silencing in HO showed peach ripe fruit color. These results will be useful for the 

genetic improvement of fruit color and nutritional quality in pepper. 

Key words: pepper, fruit color, Pseudo-Response Regulator 2 
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Unraveling the difference between above and below ground maturity in potato: the 

role of StORE1 
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Plant senescence is the last stage of plant development. The knowledge of senescence 

regulation in potato is limited and the link between leaf maturity and tuberization onset 

is largely unknown. In this study, we chose two genotypes with extreme phenotypes for 

leaf maturity from a population (C x E) which was used in previous experiments. These 

individuals show two different types of senescence which are linked with different 

tuberization onset times. To gain more knowledge, we took the positive senescence 

regulator ORE1 as a molecular marker to study different types of leaf maturity and how 

they are linked to tuberization. We identified three putative potato AtORE1 orthologs: 

StORE1SO2, StORE1SO3 and StORE1SO6. This study demonstrates that StORE1 acts 

as a positive regulator of senescence in potato. Furthermore, analysis of gene expression 

and the phenotype in transgenic plants, suggests that StORE1s play a key role in sugar 

transportation through whole leaf development stages. The results obtained provide 

insight on how tuberization onset is tightly linked to leaf maturity. 

Key words: Senescence, ORE1, sugar transport. 
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Glandular trichomes can accumulate and release defensive compounds against 

herbivorous pests. In the wild tomato Solanum habrochaites, the gland of type-VI 

trichomes have a profoundly round-shape, differing from the more mushroom-shaped 

trichome present on cultivated tomatoes. The gland size of the wild species has been 

associated with high levels of natural insecticides that are accumulated in its intercellular 

cavity. By contrast, type-VI trichome glands of the cultivated tomato produce low levels 

of non-toxic compounds, making cultivated tomatoes less resistant to insect pests. For 

this reason, the transfer of the genetic determinants of the wild species type-VI trichome 

morphology and functionality to cultivated tomato is of great interest. A near-isogenic 

line carrying a wild-ancestor introgression in the background of S. lycopersicum c.v. 

Micro-Tom was named MT-Pincushion (MT-Pic) after the shape of its trichomes. MT-

Pic appears to carry alleles contributing to the morphology of type-VI trichomes as seen 

in the S. habrochaites parental. Using genotyping by sequencing (GBS) we narrowed 

down the region of the Pic introgression. By additional transfer of the plastidial-

sesquiterpene locus from S. habrochaites PI127826 to the type-VI trichomes of the MT-

Pic line we showed that the introgression of the Pic-locus allows for higher accumulation 

of anti-insect sesquiterpenes. Using trichome RNAseq data, we narrow down the list of 

putative genes involved in type-VI trichomes morphology. This work paves the way for 

the understanding of the genetic factors underlying the morphology and functionality of 

type-VI trichomes, towards breeding for insect-resistant tomatoes.  

Key-words: Introgression line; Glandular trichome; Terpenes; type-VI trichomes, S. 

habrochaites.  
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A two-step auxin-GA cross talk regulates tomato organ patterning 
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Organ formation involves an initial step of organ initiation, followed by growth and 

expansion. In the development of compound leaves, leaves produce one or more orders 

leaflets by secondary initiation and growth events. The plant hormone auxin regulates 

both organ initiation and growth, raising the question of whether common or distinct 

downstream pathways mediate these events. Here, we show that in tomato (Solanum 

lycoperiscum) compound-leaf development, auxin promotes leaflet initiation and growth 

via distinct successive pathways involving opposite effects on the biosynthesis of 

gibberellin (GA). A steady-state increase in auxin response in developing leaves resulted 

in an increase in the GA biosynthesis pathway, and genetic reduction of GA biosynthesis 

suppressed auxin-induced blade growth, indicating that auxin promotes leaflet growth by 

positively regulating GA biosynthesis. Surprisingly however, the expression of several 

GA biosynthesis genes decreased following a short auxin treatment, and then increased 

only 24-48 hours after auxin application. Furthermore, auxin rapidly induced the 

expression of GA catabolism genes, suggesting that the leaflet initiation stage depends 

on reduced GA. In agreement, increased GA activity reduced leaflet number, and local 

reduction of GA activity led to ectopic leaflet initiation. These results point to a two-

phase interaction between auxin and GA in organ formation: auxin first reduces GA to 

enable initiation, and then induces GA to allow growth. 

Key words: auxin, gibberellin, tomato, leaf development, fruit set.   
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Understanding potato production in a changing world 
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Potato tuberisation is a complex multistep process involving a dramatic shift in 

metabolism that requires careful coordination to maximise the chances of surviving to 

the next season. The internal and environmental cues that the control tuberisation, include 

availability of soil nutrients, ability to produce and transport photo-assimilates and 

plasticity in response to environmental stresses such as temperature and water 

availability. Perception of day-length seems to play an essential role in triggering 

tuberisation, as well as setting the timing of eventual life-cycle length. A central player 

in the transduction of day-length perception by the clock to metabolism and 

developmental transition, is the transcription factor CYCLING DOF FACTOR 1 that in 

potato, has been neofunctionalized for the regulation of tuberisation. Our recent work 

indicates that StCDF1 links assimilate redistribution, nitrogen sensing, hormone 

biosynthesis, response to abiotic stress and initiation of senescence leading to the 

successful vegetative reproduction via tubers. These links promise to provide 

opportunities to breed for geographically tailored potato varieties that will perform better 

in regions not previously considered optimal for potato and respond better to the 

challenges of climate change. 

Key words: potato, tuberisation, StCDF1, breeding 
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The miR156/SlSBP15 hub regulates shoot architecture by connecting multiple 

hormone pathways in tomato 
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Shoot branching (SB) is an undesired trait in many crops, including tomato, due its 

negative impacts on plant productivity. SB is regulated by several factors; including the 

microRNA156-targeted SQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SBPs) 

family of transcription factors. Understanding the molecular mechanisms underlying SB 

could help to generate plants with improved architecture. We combined genetic and 

molecular tools to characterize how the miR156/SlSBP15 hub regulates tomato SB by 

connecting phytohormones with SB-associated genes. MiR156 overexpression (156-OE 

plants) trigger highly SB; this phenotype depends on LATERAL SUPPRESSOR (LS) and 

PROCERA genes. Phylogenetic analysis of SBP-box domain show that SlSBP15 cluster 

with known plant architecture-associated SBPs genes. Plants overexpressing a miR156-

resistant SlSBP15 alelle (rSBP15 plants) display arrested SB, and partially restored the 

wild-type (WT) phenotype in 156-OE background. IAA treatments, RT-qPCR and GFP 

analyses indicated that polar auxin transport is lower in 156-OE plants mostly by 

reducing PIN1 expression. Additionally, hormonal measurements reveal that IAA and 

ABA concentrations were lower in 156-OE and higher in rSBP15-OE plants. GUS 

staining demonstrated that 156-OE plants are less responsive to auxin. NGS-based 

transcriptomics analyses in axillary buds revealed differentially expressed GA-, auxin-, 

and ABA-associated genes. Also, we verified that while GOBLET and LS are 

transcriptionally repressed, SlNCED is induced by SlSBP15. APB–FRET assay showed 

that SlSBP15 interacts with BRANCHED1b to regulate common targets. Our data 

suggests that miR156/SlSBP15 hub modulates SB through the action of auxin, GA and 

ABA, and provide a new mechanism by which it can be genetic modified for improving 

tomato architecture. 
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Chilling induces sugar and ABA accumulation that antagonistically signals for 

symplastic connection of the potato tuber buds 
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Bud endodormancy (ED) is a crucial stage in the life cycle of many perennial plants and 

is regulated by genetic and environmental factors. ED release requires the accumulation 

of a certain amount of cold exposure, measured as chilling units. However, the 

mechanism governing the effect of cold on ED duration is poorly understood. We used 

the potato tuber as a model system to investigate the mechanism underlying ED duration. 

Sweetening is a well-known response of potato tuber to chilling. We showed that ED 

release was better correlated with sugar units' accumulation than chilling units. In turn, 

sweetening was associated with shorter ED. A logistic function was developed to predict 

ED duration based on sugar measurements. Modifying sugar units level by knockout of 

the vacuolar invertase gene (StVInv) extended ED, while StVInv overexpression 

shortened it. We found that the time gap between sugar accumulation and ED release is 

associated with abscisic acid (ABA) level that serve as a growth inhibitor. By silencing 

the energy sensor SNF1-related protein kinase 1 (SnRK1), we induce higher sugar units 

and shorter ED, which is suggested to be part of the regulatory machinery. Sugar units 

accumulation induced by chilling or transgenic lines reduces plasmodesmata (PD) 

closure in the dormant bud meristem. Chilling or knockout of ABA 8′-hydroxylase 

induces ABA accumulation, parallel to sweetening, and antagonistically promotes PD 

closure. Our results suggest that chilling induces sugar units and ABA accumulation that 

antagonistically signals for symplastic connection of the dormant bud. 

Key words: Chilling, dormancy, invertase, SnRK1, sugar signaling. 
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Heat stress induces type-IV trichomes in cultivated tomato 
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Trichomes are hair-like structures on the surface of many land plants. They play an 

important role in the defense against herbivores, both as a physical barrier (non-

glandular) and as secretory structures who can synthesize and store specialized 

metabolites (glandular). In tomato (Solanum lycopersicum), one of the most important 

crops in the world, the high glandular trichome density in wild species was lost through 

the domestication process, leading to a decreased resistance of cultivated tomato against 

herbivores. This is especially true for the glandular type-IV trichomes, which are present 

in large numbers on wild tomato species such as S. pennellii or S. galapagense. They 

produce acyl sugars, which act as a potent means of defense against different insects. In 

cultivated tomato, this trichome type appears only in the first leaves. Since the genetic 

regulation of type-IV trichome initiation and development in tomato is mostly unknown, 

breeding back the full trichome potential to the cultivated tomato  is challenging. 

Interestingly, we could find that heat stress (37°C) can increase the density of type-IV 

trichomes on later leaf stages in tomato at the expense of type V trichomes. In addition 

acyl sugar biosynthesis is also enhanced by heat. Via trichome counting, scanning 

electron microscopy (SEM) and measurement of the acyl sugar content, we could detect 

the phenotype in several different tomato cultivars, including Moneymaker and Heinz 

1706. Our experiments also indicate that the decision to develop either a type V or a type 

IV trichome occurs early during trichome initiation. 

Key words: heat stress, plant defense, tomato, trichomes, acyl sugars 
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Ethylene is a volatile plant hormone that regulates many developmental processes and 

responses towards (a)biotic stress conditions. Studies have shown that high levels of 

ethylene repress vegetative growth in many important crops, including tomato, probably 

by inhibiting photosynthesis, eventually leading to yield reduction. To evaluate the 

temporal dynamics of photosynthesis in young tomato plants, we used an automated 

ethylene gassing system and monitored the physiological, biochemical, and molecular 

responses during an ethylene treatment. Using real-time CO2 consumption measurements 

under controlled environmental conditions, we observed that ethylene evoked a dose-

dependent inhibition of plant photosynthesis. One of the first ethylene responses 

observed was leaf epinasty and the accompanying drop in plant canopy cover, which 

occurred already a few hours after the start of the treatment. Together with a rapid decline 

in stomatal conductance, followed by a drop in transpiration rate, plant CO2 assimilation 

rate plummeted. These changes resulted in a significant decline in soluble sugar content 

(glucose, fructose) already after 8 h past the ethylene treatment, which continued to 

gradually decrease over time. Starch content was significantly reduced after 56 h of 

treatment and corresponded with an increase in sucrose levels. Chlorophyll fluorescence 

(quantum efficiency of PSII) and chlorophyll content responded slower, with values 

decreasing 56-80 h after the ethylene treatment. We are currently analyzing a temporal 

RNA-seq dataset to get more insight into the transcriptional changes evoked by ethylene 

treatment in photosynthetically active leaves. Furthermore, we are investigating the 

effect of naturally produced ethylene evoked by abiotic stress on plant photosynthesis. 

Key words: Ethylene, photosynthesis, abiotic stress, RNA-seq 
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Plant biostimulants are substances derived from natural sources that positively impact 

the physiological functions of the plants, resulting in growth promotion. In this study the 

effects of foliar application of two different microalgae-derived biostimulants were 

assessed in tomatoes growing in a) coupled aquaponics (AQ), b) decoupled aquaponics 

(CAP), and c) hydroponics (HP, control) for 5 months. In vivo chlorophyll fluorescence 

and leaf reflectance measurements were performed throughout the growth period to 

monitor the responses of the photosynthetic apparatus and assess light use efficiency, 

along with the determination of growth parameters, namely leaf specific mass (LSM) and 

fresh biomass production. All AQ plants, irrespective of biostimulants application, 

exhibited significantly decreased fresh biomass of leaves, accompanied by increased 

LSM indicating more compact mesophyll, compared with CAP and HP. Light use 

efficiency was significantly influenced by the interaction of biostimulants with nutrient 

solutions. These differences were clearly associated with dynamic responses of the 

photosynthetic apparatus, notably the increase of dissipated energy flux per reaction 

center in AQ plants, along with reduction of the relative pool size of total electron 

carriers. Collectively, these events resulted in significantly lower values of the total 

photosynthetic efficiency index in AQ plants. In conclusion, AQ tomatoes experienced 

a gradually decreasing vitality of the photosynthetic machinery, which was reflected in 

reduced growth and could not be recovered by biostimulants application. The latter did 

not improve the performance of either CAP or HP plants. Nevertheless, CAP without 

biostimulants successfully competed HP, being though more advantageous in using 

lower fertilizer inputs. 

Key words: aquaponics; hydroponics; biostimulants; plant function; photosynthetic 

apparatus 
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Effect of different LED lighting spectra application on in vitro shoot proliferation 

of Petunia hybrida explants 
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The objective of this study was to evaluate the effects of three different LED light spectra 

(blue, red, white) in comparison with fluorescent lamps on in vitro shoot response of 

Petunia hybrida explants. The nutrient medium used was MS supplemented with 2 mg.l-

1 BAP. In a 4-week period, all the explants were reacted and formed new shoots. The 

light from the fluorescent lamps as well as the blue light spectrum of LEDs favored the 

shoot multiplication of the explants. Thus, more than 7 new shoots per explant, longer 

than 4.0 cm, were formed. For the assessment of the photosynthetic rate, LCi ADC 

GasAnalyzer with small chamber was used. For the evaluation of shoot growth, the 

chlorophyll (chlorophyll content index) and chlorophyll fluorescence parameter (Fv/Fm) 

were measured with the CCM200 and OS30p+, respectively. In the case of the 

photosynthetic rate (A), the fluorescent light (7.62 μmol m-2s-1) and the blue LED light 

(7.48 μmol m-2s-1) had higher rates compared with the white LED light (4.07 μmol m-2s-

1) and the red LED light (3.88 μmol m-2s-1), respectively. For the chlorophyll content 

index, no statistically significant differences were found. On the contrary, for Fv/Fm, it 

was found that the fluorescent light and blue LED light (0.737 and 0.744, respectively) 

had statistically higher rates than the white and red LEDs. Considering that the 

application of LEDs in micropropagation can reduce electricity costs from 55-75%, it 

seems that the blue LEDs is the most cost-efficient system for in vitro shoot proliferation 

of P. hybrida explants. 

Key words: Chlorophyll, photosynthetic rate, chlorophyll fluorescence 



91 
 

CRISPR/Cas9-mediated mutagenesis of the SAMBA gene alters growth and 

development in tomato (cv. Micro-Tom) plants 
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The Anaphase-Promoting Complex/Cyclosome (APC/C) is an important conserved 

multi-subunit E3 ubiquitin ligase involved in ubiquitin-dependent proteolysis of key cell 

cycle proteins by the 26S proteasome. Despite extensive research on APC/C, only a few 

components have been functionally characterized in plants. One of these proteins, 

SAMBA, proved to be a highly promising candidate in Arabidopsis in terms of increasing 

productivity, through production of larger leaves, roots and seeds. However, mutation in 

the maize SAMBA ortholog displayed dwarfism, erect upper leaves, reduced organ and 

tissue growth. Thus, to gain more insight into the role of SAMBA, we used Clustered 

Regularly Interspaced Palindromic Repeats/CRISPR-associated protein 9 

(CRISPR/Cas9) to characterize sequence-specific mutations at Solanum lycopersicum 

(tomato) cv. Micro-tom in the SAMBA gene. We generated CRISPR-Cas9 samba 

mutants, which was confirmed by PCR and sequencing analysis. Surprisingly, we found 

phenotypes that differed dramatically from those of Arabidopsis; the mutant lines are 

delayed in growth and development compared to the wild-type plants (WT). Samba 

knockout lines display leaves with longer and higher density trichomes. Additionally, 

disruption of SAMBA function decreased pollen viability, reducing the average fruit size 

and weight, showing severe defects in their shape, seed number and embryo 

development. Our results suggest that SAMBA plays an important role in tomato 

development, as seen in Arabidopsis and maize, and provides important insights for 

further discoveries of fundamental biological processes that will improve the 

performance of this commercial crop. 

Keywords: Plant development, Cell cycle, Ubiquitin-protein ligases, APC 
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Underground gibberellin activity: differential gibberellin response in tomato 

shoots and roots 
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Gibberellin (GA) is a major growth-promoting hormone that regulates many 

developmental processes, including stem elongation.  While the central role of GA in 

stem elongation is well known, its effect on root growth is less clear. Our major goal was 

to study the role of GA in primary root elongation in tomato. To this end, we have used 

tomato GA biosynthesis and signaling mutants grown in vermiculite. We found that 

unlike the strong effect of GA on stem elongation, the hormone had only a mild effect 

on primary root elongation; only in severe GA mutants, such as the triple receptor gid1TRI 

and the strong biosynthesis mutant gib1, roots were shorter. In weaker GA semi-dwarf 

mutants, roots were normal. This suggests that low GA concentrations are needed for 

normal root elongation in comparison to shoots.  Although application of GA to gib1 

mutant had no effect on root elongation, all GA signaling components were expressed 

and GA activated the molecular feedback response in the roots. Moreover, RNAseq 

analysis to shoot and roots of gib1 treated with GA revealed that the general 

transcriptional response to GA was rather normal in both shoot and root, but the GA 

output response toward cell elongation was blocked in the roots. GA-promoted shoot 

elongation in the dark is mediated by the PIF transcription factors. Our data show that all 

PIF genes exhibit very low expression in the roots compare to shoots. This may explain, 

why GA had no effect on the elongation of dark-grown root (in the soil).  

Key words: Tomato, root, gibberellin 
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Trichome is one of the defensive epidermal structure found in many plant species, 

including Solanaceae plants. Tomato possesses both glandular and non-glandular 

trichomes for chemical and physical defense against herbivores; however the less 

information is accumulated about the gene for trichome development and its regulation. 

In this study, we screened more than 10,000 mutant pools by ethyl methanesulfonate 

treatment and gamma-ray-irradiation, and isolated more than 20 mutants containing 

abnormal trichome development. All the mutants was collected by National BioResource 

Project (NBRP)-Tomato in University of Tsukuba and available from our TOMATOMA 

database (https://tomatoma.nbrp.jp/) if the mutants are fertile. Our trichome mutants 

were mainly divided into two groups, one has curved/waved structures and another has 

different ratio of trichome species. Mutants in the former group harbored mutations in 

the SCAR/WAVE complex protein genes but the mutants in the latter group had no 

mutation in them. To identify the corresponding gene of a mutant, which lost both 

glandular and non-glandular trichomes except for type VII trichome, in the latter group, 

the mutant was backcrossed with wild-type plants and its F2 populations were collected. 

The ratio of F2 plants with wild-type- and mutant-phenotype was 76 and 20, showing the 

recessive single gene mutation (p = 0.3458, χ2 test). The genomic analysis of these 

populations will provide us a putative novel gene for trichome formation in near future. 

Key words: tomato, glandular trichome, non-glandular trichome, mutant pool, 

herbivory 
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Uncoupling fruit ripening and softening: looking for the Holy Grail 

Mondher Bouzayen 

Université de Toulouse, GBF Group, LRSV UMR5546 CNRS, UPS, Toulouse-INP, France. 

Fruit softening is classically considered as a ripening-associated process and, so far, the 

main way to control softening has been to slow down ripening which inevitably results 

in diminished sensory qualities. We recently showed that SlMBP3, a MADS-box 

transcription factor, is a master regulator acting at very early pre-ripening stages and that 

its expression is required for locular gel formation. KO mutation of SlMBP3 gene results 

in All-flesh phenotype with total absence of gel tissue formation giving rise to an 

“aubergine-like” inner tissue in tomato fruit. Remarkably, SlMBP3-KO lines exhibit 

enhanced fruit firmness from early pre-ripening stages to advanced stages of ripening. 

Consistently, SlMBP3 overexpression results in extreme fruit softening starting at very 

early pre-ripening stages. Combined RNA-seq and ChIP-seq approaches revealed that 

misexpression of SlMBP3 impairs locular gel formation through massive transcriptomic 

reprogramming at initial phases of fruit development. Strikingly, dual KO mutation of 

MBP3 and AGL11, two members of the same class D clade, results in severe detrimental 

phenotypes affecting plant growth, fruit size and seed formation, thereby precluding any 

potential use in breeding strategies. The data reveal that an important contribution to fruit 

texture and firmness is determined at very early pre-ripening stages. While bringing 

about a paradigm shift of thinking, our findings provide new leads for breeding strategies 

aiming to improve fruit texture that do not target the ripening process, thus allowing to 

circumvent losses of sensory quality associated with incomplete fruit ripening.  

Key words: Fruit firmness, MADS-box, RNAseq, ChIP-seq,Tomato 
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The importance of endoreduplication for cell patterning in the tomato fruit 

Édouard Tourdot1, Pascal Martin1, Eli Maza2,3, Anis Djari2,3, Julien Pirrello2,3, Christian 

Chevalier1, Nathalie Gonzalez1 
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2Université de Toulouse, INRAE/INP Toulouse, Génomique et Biotechnologie des Fruits-

UMR990, Castanet-Tolosan, France. 
3Laboratoire de Recherche en Sciences Végétales-UMR5546, Université de Toulouse, CNRS, 

UPS, Toulouse-INP, Toulouse, France. 

Endoreduplication, during which cells increase their DNA content through successive 

rounds of full genome replication without cell division, is the major source of 

endopolyploidy in higher plants. Endoreduplication results from the capacity of cells to 

modify their classical cell cycle into a partial cell cycle, or endocycle, where DNA 

synthesis occurs independently from mitosis. In plants, endoreduplication is found in 

numerous organs and cell types and particularly in organs or tissues of agronomical high 

value, such as tomato fruit presenting high ploidy levels. At the end of tomato fruit 

development, the pericarp is composed of a heterogeneous population of cells in term of 

ploidy levels and cell sizes. In addition, at this stage, ploidy-specific gene expression 

profiles have been found. However, little is known about the onset and progression of 

endoreduplication during tomato fruit growth and its consequences on the regulation of 

cell size and gene expression. Our objectives are to study the heterogeneous population 

of cells that co-exists within the pericarp tissue and as a basis to dissect the genetic 

regulation of pericarp endoreduplication. Thus, we mapped the ploidy and transcriptome 

dynamics of the tomato fruit pericarp during early growth. The data showed a global shift 

of expression in relation to ploidy level as well as ploidy specific gene expression and 

that ploidy levels are already gradiently distributed in the pericarp. We now aim at 

elucidating the transcriptional regulatory mechanisms responsible for the molecular 

heterogeneity related to endoreduplication during fruit development by studying 

chromatin states and conformation. 
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Transition to ripening in tomato fruit needs genetic reprogramming initiated in 

gel tissue 

Ximena Chirinos1, Shiyu Ying1, Elie Maza1, Anis Djari1, Farid Regad1, Mondher 

Bouzayen1, Julien Pirrello1 
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Ripening is the last stage of the developmental program in fleshy fruits. During this phase 

fruits become edible and acquire their unique sensory qualities and post-harvest potential. 

Although our knowledge of the mechanisms that regulate fruit ripening has improved 

considerably over the past decades, the processes that trigger the transition to ripening 

remain poorly deciphered. While so far, most transcriptomic profiling of tomato fruit 

ripening has mainly focused on the changes occurring in pericarp tissues between Mature 

Green and Breaker stages, our study addresses the changes between Early Mature Green 

and Late Mature Green stages, in gel and pericarp separately. The data show that the shift 

from inability to initiate ripening to capacity to undergo full ripening requires a massive 

transcriptomic reprogramming that takes place first in the locular tissues before 

extending to the pericarp. Genome-wide transcriptomic profiling revealed the wide 

diversity of transcription factor families engaged in the global reprogramming of gene 

expression and identified those specifically regulated at Mature Green stage in the gel 

but not in pericarp, thereby providing new targets towards deciphering the initial factors 

and events that trigger the transition to ripening. Our data unveil the antagonistic roles of 

ethylene and auxin during the onset of ripening and show that auxin treatment delays 

fruit ripening via impairing the expression of genes required for System-2 autocatalytic 

ethylene production that is essential for climacteric ripening.  

Key words: Tomato, ripening, gel, auxin, ethylene 

Acknowledgment: We are grateful to L. Lemonnier and D. Saint-Martin for the 

cultivation of tomato plants. We are also grateful to G. Marti for the metabolomic data 

processing and to A. Perez for the LCMS data acquisition.  

 

 

 



97 
 

ORAL PRESENTATIONS 

A ripening-associated ethylene response factor ERF.D7 positively regulates fruit 

ripening via controlling the transcription of ARF2 orthologs in tomato 

Priya Gambhir1, Adwaita Prasad Parida1, #, Vijendra Singh1, #, Utkarsh Raghuvanshi1, 

Rahul Kumar2, *, Arun Kumar Sharma1, * 

1Department of Plant Molecular Biology, University of Delhi South Campus, New Delhi 110021, 
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2Department of Plant Sciences, School of Life Sciences, University of Hyderabad, Hyderabad 

500046, India 

Despite the obligatory nature of ethylene to climacteric fruit ripening and the 

identification of 77 Ethylene Response Factors (ERFs) in the tomato genome, the role of 

only limited ERFs has been validated in the ripening process. Here, using a 

comprehensive morpho-physiological, molecular and biochemical approach, we 

demonstrate the regulatory role of SlERF.D7 in tomato fruit ripening. The expression of 

SlERF.D7 positively responds to exogenous ethylene and auxin treatments, most likely 

in a RIN-independent manner. Overexpression of  SlERF.D7 promotes ripening and its 

silencing has the opposite effects. Alterations in its expression modulated ethylene 

production, pigment accumulation, and fruit firmness. Consistently, genes involved in 

ethylene biosynthesis and signalling, lycopene biosynthesis, and cell wall loosening were 

upregulated in the overexpression lines and downregulated in RNAi lines. These 

transgenic lines also accumulated altered levels of IAA at late-breaker stages. A positive 

correlation between ARF2 orthologs transcripts and SlERF.D7 mRNA levels and the fact 

that ARF2A and ARF2B are direct targets of SlERF.D7 underpinned the perturbed 

auxin-ethylene crosstalk for the altered ripening program observed in the transgenic 

fruits. Overall, this study uncovers that SlERF.D7 positively regulates SlARF2A/B 

abundance to amalgamate auxin and ethylene signalling pathways for controlling tomato 

fruit ripening. 

Key words: ARF, auxin-ethylene crosstalk, carotenoid accumulation, ERF, tomato fruit 

ripening 
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Autophagy regulates tomato fruit ripening via its crosstalk with ethylene 

Girishkumar Kumaran 1, Pradeep Kumar Pathak 1, & Simon Michaeli1 

1 Institute of Postharvest and Food Sciences, Volcani Institute (ARO), Rishon-LeZion, Israel 

Fruit ripening and stress tolerance have significant implications on global food security, 

and their modulation may directly contribute to sustainable agriculture. The tomato fruit 

is an important crop and a model system for fleshy fruit research. Ripening is a highly 

regulated process involving significant biochemical reprogramming, leading to tissue 

softening, color change, degradation of toxic compounds, volatile production, and 

soluble sugar assembly. Substantial remodeling of the fruit cellular content is required to 

allow these changes, involving fine-tuning synthesis and degradation events at each 

ripening stage. One of the major cellular degradation pathways in eukaryotes is 

macroautophagy (hereafter referred to as autophagy). Autophagy involves generating a 

double-membrane structure, termed autophagosome, around the cytosolic cargo destined 

for degradation in the vacuole. However, whether autophagy is involved in tomato fruit 

ripening is still unknown. Using autophagy modulators, live-cell imaging, Virus-Induced 

Gene Silencing (VIGS), and analysis of tomato Autophagy-Related 8 (SlATG8) 

lipidation, we show that autophagy is active in ripening and is restricting its progression. 

Examining the potential crosstalk of autophagy with ethylene suggested that autophagy 

targets ethylene pathway components for degradation. Further analysis revealed a direct 

interaction between a core-autophagy protein and a central ethylene pathway protein. 

Based on these results, we suggest that autophagy is involved in the restriction of 

ethylene emission, probably through the selective degradation of the core ethylene 

pathway protein. Our research highlights a yet unfamiliar role of autophagy in fruits and 

may allow the development of autophagy-based technologies to reduce food loss and 

prolong fruit shelf life. 

Key words: Fruit Ripening, Autophagy, Ethylene 



99 
 

The auxin-responsive transcription factor SlDOF9 regulates inflorescence 

termination in tomato 
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Understanding the mechanisms underlying differentiation of inflorescence and flower 

meristems is essential towards enlarging our knowledge of reproductive organ formation 

and to open new prospects for improving yield traits. To uncover putative new regulators 

of floral differentiation in the tomato, we carried out a non-targeted approach by 

investigating the expression pattern of all genes annotated as putative transcription 

factors in the tomato genome. This genome-wide expression profiling screen identified 

205 TFs showing clear preferential expression in meristem structures. In particulr, we 

identified SlDOF9 as a novel modulator of floral differentiation in tomato. CRISPR/Cas9 

knockout strategy revealed that SlDOF9 controls inflorescence and floral meristem 

differentiation via the regulation of cell division genes and inflorescence architecture 

regulator LIN. Tomato dof9-KO lines have more flowers in both determinate and 

indeterminate cultivars and produce more fruit upon vibration-assisted fertilization. 

SlDOF9 regulates inflorescence development through an auxin-dependent ARF5-DOF9 

module that operate, at least in part, differently in Arabidopsis and tomato. Overall, the 

study defines SlDOF9 as a novel type of regulator of inflorescence development acting, 

at least partially, independently from the regulatory pathways described so far. Our 

findings add a new actor to the complex mechanisms underlying reproductive organ 

differentiation in flowering plants and provide leads towards addressing the diversity of 

factors controlling the transition to reproductive organs. 

Key words: inflorescence differentiation, fruit yield, transcription factor, auxin, tomato 
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Functional characterization of FW2.2, a plasmodesmata located protein 

Norbert Bollier1*, Arthur Beauchet1*, Magali Grison1, Nathalie Gonzalez1, Frédéric 

Gévaudant1, Emmanuelle Bayer2 and Christian Chevalier 
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*contributed equally 

During tomato domestication and improvement, mutations associated with larger fruit 

were selected and accumulated. In the last decades, many quantitative trait loci (QTLs) 

controlling fruit size have been identified, among which, fw2.2 (for fruit weight QTL on 

chromosome 2, number 2) is controlling up to 30% of fruit size variation.  FW2.2 belongs 

to a multigene family named CNR (CELL NUMBER REGULATOR) that encodes 

transmembrane proteins with a conserved-domain, named PLAC8. It has been shown 

that FW2.2 acts by negatively controlling cell division during fruit development, 

however, the molecular mechanisms of its action remain unknown. Using confocal 

microscopy on different tissues of FW2.2-YFP tomato lines stained with aniline blue to 

report plasmodesmata localization, we showed that FW2.2 localized at the plasma 

membrane and is enriched at plasmodesmata. To identify putative protein partners, we 

used immunoprecipitation followed by mass spectrometry revealing that FW2.2 

physically interacts with plasmodesmata‐localised callose synthases. In line with this 

interaction, we found that callose deposition at plasmodesmata was reduced in FW2.2 

overexpressing lines and increased in fw2.2 CRISPR mutant in fruit pericarp and leaves. 

Moreover, by performing “Drop-ANd-See” (DANS) quantitative assays, we revealed 

that cell-to-cell diffusion was increased in leaves of FW2.2 overexpressing lines. Overall 

our results suggest that FW2.2 acts as a positive regulator of cell-to-cell communication 

by affecting callose deposition in tomato. 

Keywords: FW2.2, plasmodesmata, callose, cell-to-cell communication 
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Full penetration of the pollen tube, not fertilization, activates the cell division at 

the early stage of tomato fruit formation resulting in fruit set and development 

Long T. Tran1, Koichi Sugimoto2, Kasozi Michael1, Hiroshi Ezura2 

1Graduate school of Life and Environment Sciences, University of Tsukuba, Japan 
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In flowering plants, pollination, pollen tube growth, and fertilization are the first 

hierarchical processes of producing offspring, in which the pollen tube acts as a medium 

vehicle between pollination and fertilization. In this study, we illustrated the other role 

of the pollen tubes as the main contributor to tomato fruit formation. Three types of 

pollen were used, including dead pollen (P1), normal pollen (P2), and soft X-ray treated 

pollen (P3). P1 was unable to germinate, P2 germinated well and required at least 9 hours 

to fertilize, while P3 produced the normal pollen tubes without a nucleus as damaged by 

X-ray radiation exposure. The results indicated that pollinating by P3 induced the 

formation of seedless fruits at a fruit set ratio of over 75%, whereas treatments using P1 

or P2 (for a short time of 6h) failed to activate the fruit forming. P3 and P2 treatments 

showed equivalent effects on the young fruit initiation and development, including the 

induction of cell layers and the gene expression pattern in the ovary’s tissue at 2 DAP 

due to the RNA-Seq analysis data. The size of seedless fruits derived from P3 was 

significantly smaller than that of P2 in combination with a high correlation between seed 

number and fruit size illustrating the crucial role of fertilization in the late stage of fruit 

development. These findings indicate that the full penetration of the pollen tube, not 

fertilization, initiates the tomato fruit set and development by promoting cell division at 

the early stage of fruit formation. 

Key words: Tomato pollen tube growth, Cell division regulation, Fruit set and 

development 
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Phytohormones play a crucial regulatory role in the majority of developmental processes 

in plants. We performed the hormone metabolome analysis along with transcriptome and 

proteome profiling for the identification of components of hormonal system that are 

involved in natural processes of tomato reproductive organs development. The 

measurements were conducted at different stages of flower and early fruit development 

and covered flower (sepals, petals, stamen, pollen, carpels) and fruit (ovary, peel and 

pericarp, jelly, placenta, seeds) organs. UPLC-ESI-MS/MS analysis revealed the gradual 

decrease in active auxin’s concentration together with the accumulation of oxidized and 

conjugated forms towards anthesis, especially in stamen. Coexpression analysis revealed 

tomato Grethen-Hagen 3 (GH3) genes, namely SlGH3-2, SlGH3-7, SlGH3-15, 

putatively participating in these inactivation processes. In vitro analysis of recombinant 

enzyme activity and the transient overexpression of GH3 genes in Nicotiana 

Benthamiana leaves confirmed their ability to bind indole-3-acetic acid (IAA) and 

indole-3-butyric acid (IBA) to several amino acids. Created Slgh3-2 and Slgh3-15 

CRISPR mutant lines displayed increased free IAA levels in maturating stamen, while 

the levels of IAA-Asp conjugate were higher in Slgh3-2. Proteomic analysis of mutant 

stamen tissues revealed the enrichment of the proteins, putatively involved in stress 

resistance. Moreover, the pollen of Slgh3-2 and Slgh3-7 plants was more viable after 

long-term heat stress. Our data can be utilized as a resource for the investigation of the 

mechanisms of flower and early fruit development regulation. 

Key words: Solanum lycopersicum, phytohormones, auxin conjugation, heat stress 
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Gene expression profiling is of key importance in all domains of life sciences, as 

medicine, environment, and plants, for both basic and applied research. In spite of the 

emergence of microarrays and high-throughput sequencing, qPCR still remains a 

standard method for gene expression analyses. For this purpose, qPCR data 

normalization is a crucial step. Among normalization methods, the use of reference 

genes, supposed to be stable all along experimental conditions, is required. In the present 

study, we show that a stable combination of non-stable genes outperforms standard 

reference genes for qPCR data normalization. A stable combination of genes consists on 

a fixed number of genes which expressions balance each other all along experimental 

conditions of interest. Moreover, the present study shows that such an optimal 

combination of genes can be found using a comprehensive database of RNA-Seq data. 

As a case study, this new method has been developed using the tomato model plant, with 

corresponding RNA-Seq data from the TomExpress database. Our results demonstrate 

the superiority of our method over commonly used housekeeping genes or other stably-

expressed genes. We therefore recommend the use of our new method together with 

classic ones, in order to always obtain best reference genes for a given experimental 

design. 

Key words: RT-qPCR data normalization, reference genes, 
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Regulation of flower development and fruit set in tomato by the interaction 

between auxin response regulators and microRNAs 

Nave Man, Alon Israeli, Naama Teboul, Naomi Ori 
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Flower development and fruit set are regulated by several genetic mechanisms that 

couple fertilization and fruit development. One gene that regulates fruit set is AUXIN 

RESPONSE FACTOR 8 (ARF8). ARF8 is described as a negative regulator of the fruit 

set. The proposed model suggested that a heterodimeric complex formed by ARF8 and 

AUX/IAA inhibits access to genes that promote the fruit set during ovary development. 

ARF8 is also regulated by MICRORNA167. In Tomato (Solanum Lycopersicum), there 

are two copies of SlARF8: ARF8A and ARF8B (ARF8AB), and five copies of SlmiR167: 

miR167a, miR167b, miR167c, miR167d, and miR167e (miR167a-e) that were barely 

investigated. We used the CRISPR/cas9 system to mutate both ARF8AB and the five 

miR167a-e. Among the miR167s, miR167a is the primary regulator of the fruit set; 

mir167a produces seedless fruit only, and both ARF8A and ARF8B were upregulated in 

their ovaries. Unlike the parthenocarpy that occurs in arf8ab, emasculated flowers of 

mir167a didn't develop into a fruit, and the ovaries began to swell only when the stigmas 

were triggered. In addition, The style of arf8ab was shorter than M82, and the stigma 

was trimmed; contrary, the stigma of mir167a was larger. STYLE2.1, a style elongation 

activator, was downregulated in arf8ab and upregulated in mir167a. In addition, arf8ab 

lacks the transient peak of Jasmonic acid (JA) during ovary development. Moreover, 

MYB21 and MYB24, transcription factors related to JA signaling, were downregulated in 

arf8ab's ovaries. Altogether suggesting ARF8AB plays a more complex role in flower 

development and fruit set than previously described.  

Key words: Tomato, fruit set, arf8 
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Tomato SlCONSTANS 1 represses flowering by inducing SELF-PRUNING 5G 
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Photoperiod represents a limiting environmental factor for successful adaptation and 

sexual reproduction of plants. CONSTANS (CO) is the central hub of a complex 

regulatory network that responds to photoperiodic signaling. In Arabidopsis and rice, CO 

promotes flowering by inducing the FLOWERING LOCUS T (FT) and Heading date 3a 

(Hd3a) expression under long- and short-day conditions, respectively. Although 

cultivated tomato (Solanum lycopersicum) shows day-neutral flowering behavior, a weak 

photoperiodic response depends on the SELF-PRUNING 5G (SP5G) gene activity. 

However, plants harboring the SP5G allele from wild tomato species, such as S. pennellii 

(SpSP5G), show late flowering under long-day, which is associated with increases in 

SP5G expression. As SP5G regulates tomato photoperiodic response, we hypothesized 

that SlCO1, a homolog of CO, could negatively affect tomato flowering by inducing 

SP5G expression. Indeed, results from our genetic and molecular studies have confirmed 

this hypothesis. Transgenic tomato plants overexpressing SlCO1 driven by the CaMV 

35S promoter (35S:SlCO1) showed high levels of SP5G, and late flowering 

independently of photoperiodic conditions, especially in plants harboring the SpSP5G 

allele. Furthermore, a transient transactivation assays in Nicotiana benthamiana leaves 

showed increased luciferase expression driven by the SP5G promoter, when the 

p35S::SlCO1 effector and pSP5G::LUC-3'UTRpimp reporter constructs were co-

infiltrated. Genetic experiments also suggest that the tomato photoperiodic flowering is 

negatively regulated by the photoreceptor PHYTOCHROME B1 (PHYB1) and the 

phytohormone gibberellin. Understanding the tomato photoperiodic responses and its 

interactions may provide important insights about the conservation of photoperiodic 

pathway among crops, as well as to help in their breeding programs. 

Key words: Tomato, Flowering, SP5G, CONSTANS, Photoperiodic response. 
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SlCCS52B, part of the APC/C complex, regulates fruit shape in tomato 

Mauxion JP, Bollier N., Hernould M., Chevalier C., Gonzalez N. 

UMR 1332 Fruit Biology and Pathology, INRAE, 33882 Villenave d’Ornon Cedex, France  

Cell cycle progression is controlled by the tight regulation of the amount and activity of 

the main cell cycle regulators, the CYCLIN-DEPENDENT KINASEs and CYCLINs. 

Specific ubiquitination and targeting to degradation of these proteins participate in this 

regulation and are executed by the E3 ubiquitin ligase Anaphase Promoting 

Complex/Cyclosome (APC/C). In plants, the CCS52 proteins are activators of the APC/C 

complex and allow the specific targeting of proteins to be degraded by the 26S 

proteasome. While the involvement of CCS52A in the regulation of the endocycle, a 

process triggering DNA replication without mitosis, and its targeted proteins are pretty 

well described in several species, including tomato, only little information is available 

about the function of CCS52B.  

We produced ccs52b mutants in tomato by CRISPR-CAS9 gene editing and studied their 

growth-related phenotypes. We observed that these mutants produced elongated fruit 

with heart-like shape, compared to control plants. Through a detailed cellular analysis 

overtime, we found that the altered shape is already present during ovary development 

and probably results from a change in cell division orientation. 

To identify SlCCS52B targets potentially involved in this cell division regulation, mutant 

and WT ovaries at stage 11 were harvested and used for proteomic analysis. We found 

789 proteins differentially accumulating with 37 increased by more than two fold in the 

mutant, potentially due to a lack of degradation. We are currently studying the direct 

interaction between SlCCS52B and these candidate targets. 

Key words: SlCCS52B, cell division, fruit shape 
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Dissection of QTLs involved in the control of stigma position in tomato 
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A change in stigma position with respect to stamens is a domestication trait in tomato 

that contributed to the transition from the allogamy of wild relatives to the autogamy of 

cultivated counterparts. Although most modern varieties exhibit a stigma stably 

positioned inside the antheridial cone, in specific genotypes, vintage or traditional 

varieties, an exserted position is retained. Furthermore, this phenotype may be magnified 

under heat stress. Shifts in stigma position increase cross-pollination and generate 

fertility problems. In this work, the genetic control of stigma position in tomato has been 

studied in three different populations, the core collection selected within the EU project 

Traditom (n=224) essentially composed by landraces, a collection of wild or semi-feral 

genotypes (n=136) and MAGIC population developed at INRAE from both wild and 

cultivated parents (n=255). Deep phenotyping showed that exserted stigma is more 

frequent in populations including wild genotypes or segregating wild alleles and, in the 

cultivated germplasm, in landraces with pear, oxheart and flat fruit types.  A genome 

wide association study yielded 13, 11 and 12 unlinked QTL positions in the three 

populations respectively, that represented shared and population-specific loci. Such 

QTLs both confirmed previous loci (eg. the cloned Style2.1 locus on Chr2) or represented 

novel positions (eg. on Chr1 and Chr11). Biparental populations built to validate the 

evidenced QTLs suggested that different genes, whit different allelic interactions, 

underpin the phenotype in different genotypes and populations. First validation data 

confirmed the QTLs on Chr1, Chr8 and Chr11.  

Key words: domestication, GWAS analysis, style position, tomato 
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Jasmonic acid is involved in the regulation of fruit set in tomato 
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Tomato (Solanum lycopersicum) production depends on the efficiency of fruit set, the 

transition of ovary into fruit. Pollination is normally required for fruit set but it is 

negatively impacted by adverse conditions such as high temperature. Parthenocarpy, the 

pollination-independent fruit set, is an attractive trait to solve this problem, although the 

detailed molecular mechanism remains elusive. We isolated the novel parthenocarpic 

mutant, Sldad1 (Solanum lycopersicum defective in anther dehiscence1), from the 

‘Micro-Tom’ EMS mutagenesis library. The causative gene, SlDAD1, encodes an 

Arabidopsis DAD1 homologous gene which is involved in jasmonic acid (JA) 

biosynthesis. However, how JA regulates fruit set is poorly understood. This study 

showed that SlDAD1 transcript was exclusively observed in the filament before 

flowering, and JA content was correlated with its transcript level in the filament. 

However, JA also accumulated in the ovary before flowering. These results suggested 

that JA synthesized in the filament is transported to the ovary, suppressing fruit set. To 

clarify this, JA localization in the floral organs was examined by DESI-MSI (desorption 

electrospray ionization-mass spectrometric imaging) or immunocytological analysis. 

Here, we propose a hypothesis for the regulation of fruit set by JA and discuss its 

crosstalk with other plant hormones, including RNA-seq analysis 

Key words: fruit set, tomato, jasmonic acid, plant hormones, parthenocarpy 
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SlBBX28 positively regulates plant growth and flower number in an auxin‐

mediated manner in tomato 
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A family of transcription factors known as B-box domain-containing proteins (BBXs) 

controls a number of biological processes, including photomorphogenesis, flowering, 

and stress response. Most studies use Arabidopsis thaliana as the model system, and little 

is known about the function of this protein family in other physiological processes 

beyond seedling photomorphogenesis. Particularly in tomato, Solanum lycopersicum, 

only three of the 31 SlBBX proteins have been functionally characterized so far. In order 

to better understand the role of these proteins in tomato plant development and yield, 

SlBBX28, a light responsive gene, was constitutively silenced. When grown in darkness, 

SlBBX28-knockdown tomato seedlings exhibited reduced hypocotyl elongation. 

Silenced plants showed severe effects on plant growth and flowering, leading to smaller 

plants with fewer flowers per inflorescence. Interestingly, auxin synthesis and signaling, 

which play essential roles in both processes, were also diminished by SlBBX28 

deficiency. Overall, the results showed that SlBBX28 promotes the correct vegetative 

and reproductive development in an auxin-mediated manner contributing to determine 

fruit yield. 

Key words: Solanum lycopersicum, B-box protein family, Flowering, Yield, Auxin 

signaling 
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Dissecting the regulatory regions of the pleiotropic transcription factor FUL2 in 

tomato 
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Pleiotropic genes are genes that influence more than one trait and can therefore be 

problematic for plant breeding. Unintended effects can occur when breeding for a single 

trait, as one mutation in the coding sequence can disturb all traits at once. Molecular 

breeding tools and phylogenetic analysis can be used to have a more modular look at 

pleiotropic genes and subsequently dissect their functions, so that more specific breeding 

can be achieved. An example of a pleiotropic gene is the transcription factor FUL2 in 

tomato. FUL2 is one of the two co-orthologs of the Arabidopsis FRUITFULL (FUL) 

gene and regulates fruit development, fruit ripening, flowering time and inflorescence 

architecture. To understand how FUL2 is regulated and performs these different 

functions, we aim to identify and characterize the cis-regulatory elements that are 

required for tissue-specific activity. Phylogenetic footprinting was performed to identify 

conserved regulatory motifs, which were then screened against transcription factor 

binding site (TFBS) databases to reveal potential binding sites. The identified conserved 

motifs were then characterized with various methods such as CRISPR/Cas12a 

mutagenesis, yeast one-hybrid and GUS reporter lines. 

Key words: tomato, pleiotropic genes, FUL2, cis-regulatory elements, phylogenetic 

footprinting 
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VΙΙ. Genomics for quality and nutritional 

traits 

INVITED TALKS 

Improving tomato nutrition: the world fist CRISPR tomato launched to a 

Japanese market 

Hiroshi Ezura 

Faculty of Life and Environmental Sciences, University of Tsukuba 

CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/CRISPR-

associated proteins 9) technology was awarded the Nobel Prize 8 years after its initial 

publication, which represents unprecedented speed. Genome editing (GE) is featured as 

a technology for rapid plant breeding, and CRISPR/Cas9 technology is attracting 

attention due to its convenience and editing efficiency. On 11 December 2020, 

notification was given to the Japanese government of the first GE tomato containing a 

high level of GABA (ɣ-aminobutyric acid), which is well known for its human health-

promoting benefits and is developed using this technology. By 12 May 2021, a venture 

company launched from the University of Tsukuba, Sanatech Seed Co. Ltd., had begun 

providing seedlings to 4,200 home gardeners free of charge to monitor cultivation. 

Subsequently, on 15 September 2021, online sales of GE tomato fresh fruits began. And 

on May 2022, online sales of processed food of the GE tomato fruits began. This was the 

first agricultural product in the world to be launched using CRISPR/Cas9 technology. At 

that moment, Japan became the world first country in the practical application of GE 

technology for direct human consumption. Here, I provide background into how this new 

development occurred and future prospects for the use of genome editing technology to 

improve tomato nutrition. 

Key words: tomato, gene editing, CRISPR/Cas9, ɣ-aminobutyric acid 
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The genetic architecture of fruit quality and nutritional traits in Solanaceous 

crops 

Giovanni Giuliano and the G2P-SOL consortium 
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In the frame of the G2P-SOL project, core collections representative of the worldwide 

genetic diversity of the four major Solanaceous crops (tomato, pepper, eggplant, potato) 

were created. These collections were phenotyped and subjected to metabolic profiling. 

Hundreds of novel metabolites have been identified and quantified, and QTLs have been 

mapped, both in the core collections and in segregating populations. The genetic 

architecture of some of these traits will be discussed in detail.   

Key words: Tomato, eggplant, pepper, nutritional traits 
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Tomatoes were engineered to accumulate high levels of beneficial compounds. In a first 

study case we describe the generation of metabolically-engineered intragenic tomatoes 

dually enriched in flavonoids and BCAAs which may have a beneficial role in 

cardiovascular disease prevention.to reduce risks associated to BCAs deficiency. We 
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produced a constitutively expressed, herbicide-resistant version of an acetolactate 

synthase (mSlALS), and a MYB12-like transcription factor (SlMYB12) expressed in a 

tomato fruit-specific manner.  The mSlALS played a dual role as selection marker as 

well as key enzyme in BCAA enrichment. The resulting intragenic tomatoes were highly 

enriched in Leucine (21-fold compared to wild type levels), Valine (9-fold), Isoleucine 

(3-fold), and concomitantly biofortified in several antioxidant flavonoids including 

kaempferol (64-fold) or quercetin (45-fold). Comprehensive metabolomic and 

transcriptomic analysis of the biofortified intragenic tomatoes revealed marked 

differences between wild type and intragenic tomatoes. In a second study case tomatoes 

were engineered to produce Crocins and picrocrocins,  which are high-value hydrophilic 

pigments normally produced in saffron and used commercially in the food and 

pharmaceutical industries. The pathway for crocins and picrocroci involved expression 

of CsCCD2L to produce crocetin dialdehyde and 2,6,6-trimethyl-4-hydroxy-1-

carboxaldehyde-1-cyclohexene, and of glycosyltransferases UGT709G1 and CsUGT2 

for picrocrocin and crocins production, using fruit specific and constitutive promoters. 

The results showed the highest crocins content ( in the order of mg per g DW) ever 

obtained by metabolic engineering in heterologous systems. In addition, the engineered 

tomatoes showed higher antioxidant capacity and were able to protect against 

neurological disorders in a Caenorhabditis elegans model of Alzheimer's disease model.  

The genetic and functional analysis of flavor in commercial tomato: the 

FLORAL4 gene underlies a QTL for floral aroma volatiles in tomato fruit 

Yury Tikunov1, Raana Roohanitaziani1, Joao Paulo2, Richard Finkers1, Fatima Carvajal 

Moreno1, Chris Maliepaard1, Caroline Labrie3, Wouter Verkerke3, Sjaak van Heusden1, 

Fred van Eeuwijk2, Richard Visser1 and Arnaud Bovy1¶ 
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2Biometris, Wageningen University and Research, Droevendaalsesteeg 1, 6708PB, Wageningen 

The Netherlands 
3Greenhouse Horticulture, Wageningen University and Research, Violierenweg 1, 2665MV, 

Bleiswijk, The Netherlands 

Tomato has become a popular model for genetic studies of fruit flavour in the last two 

decades. In this paper we present a study of tomato fruit flavor, including an analysis of 

the genetic, metabolic and sensorial variation of a collection of contemporary 

commercial greenhouse tomato cultivars, followed by a validation of the associations 

found by Quantitative Trait Loci (QTL) analysis of representative biparental segregating 
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populations. This led to the identification of the major sensorial and chemical 

components determining the fruit flavour variation and detection of the underlying QTLs. 

A high representation of the QTL haplotypes in breeder’s germplasm suggested a high 

potential applicability of these QTLs in current breeding programs aimed at improving 

tomato flavour. A QTL locus on chromosome 4 was found to affect the content of the 

phenylalanine derived volatiles (PHEV) 2-phenylethanol, phenylacetaldehyde and 1-

nitro-2-phenylethane. Fruits of Nearly Isogenic Lines contrasting for this locus and the 

content of PHEV were significantly different in the perception of fruity and rose-hip like 

aroma. The PHEV locus was fine mapped which allowed to identify a FLORAL4 as a 

candidate gene for PHEV regulation. Using a gene editing based (CRISPR-CAS9) 

reverse genetic approach FLORAL4 was demonstrated to be the key factor in this QTL 

locus affecting PHEV accumulation in tomato fruit. 

Key words: tomato, flavour, volatiles, genetics, Floral4 
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Synthesis of nitrogenous volatiles in tomato; exploring a new route 
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Tomato aroma results from the synthesis of numerous volatiles compounds during the 

fruit ripening. Derived from several metabolic pathways, these compounds have an 

undeniable role in consumer perception and acceptance of fresh tomatoes. Fruits of 

tomato accumulate several uncommon nitrogenous volatiles such as isovaleronitrile, 1-

nitro-3-methylbutane, 1-nitro-2-phenylethane and 2-isobutylthiazole. While these 
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compounds are important contributors of tomato flavor, little was known about their 

synthesis. Using an introgression population derived from Solanum pennellii, we have 

identified loci impacting the production of nitrogenous volatiles in tomato fruit. Further 

fine mapping of the QTL allowed us to isolate potential candidates. Among them, a 

flavin-dependent monooxygenase was found to be essential to the synthesis of all 

nitrogenous volatiles. Based on the structure of the molecules, it was logical to assume 

that leucine or phenylalanine was the initial substrate and that a decarboxylation and a 

N-hydroxylation would occur, mimicking the pathway of nitrogenous volatiles 

production in other plants. However, none of the predicted substrates resulted in the 

synthesis of volatiles. To identify the enzyme substrates, we turned instead to a non-

targeted metabolomic approach, and found candidate compounds derived from reactions 

between cysteine and aldehydes. Nicotiana benthamiana plants expressing the enzyme 

readily transformed synthetic 2-substituted tetrahydrothiazolidine-4-carboxylic acid 

substrates into a mixture of the corresponding oxime, nitro, and nitrile volatiles. This 

tetrahydrothiazolidine-4-carboxylic acid N-hydroxylase catalyzes therefore sequential 

hydroxylations to produce the volatiles. This discovery defines a new cysteine-dependent 

route to nitrogenous volatiles in plants, prompting a reconsideration of the impact of 

sulfur metabolism on tomato flavor. 

Key words: Tomato flavor, nitrogenous volatiles, cysteine, flavin-dependent 

monooxygenase 
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Genome association studies of the G2P-sol tomato core collection 
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The Horizon 2020 G2P-SOL project (http://www.g2p-sol.eu) ended in 2021 and has 

provided a significant contribution in terms of genotypic and phenotypic data from the 

accessions of the major world genebanks for the main solanaceae crops: potato, pepper, 

eggplant and tomato. After an initial phase of massive molecular screening of thousands 

of accessions from the genebanks, a few hundred were selected to compose a core 

collection for each crop that represented as much as possible the total biodiversity. For 

tomato, about 320 accessions of Solanum lycopersicum were chosen to represent the 

worldwide phenotyping and genetic diversity of this crop, and subjected to phenotyping 

in two locations (Valencia and Plovdiv), metabolic profiling, and 20x genome 

resequencing. 

A total of 20 morphological, 7 agronomic, and 395 fruit metabolic traits (191 lipids, 149 

semipolar compounds and 55 volatile compounds) as well as 63K, biallelic SNPs 

(filtered for quality, lower allele frequency, heterozygosity and LD) were used for 

conducting GWAS analysis using GAPIT, correcting for population structure and using 

different models. kmer-based GWAS, which associates the presence/absence variants 

with the phenotypes, was also performed with 2,6 million kmers that can be mapped 

uniquely back on the reference genome. In summary, over 500 QTL were identified, and 

are being validated using different methods. 
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Eggplant (Solanum melongena L.) represents the second most important berry-producing 

crop after tomato within the Solanaceae family, with a global production of 57 Mt in 

2020 (FAOSTAT). The eggplant fruits accumulate vitamins, phenolics and antioxidants, 

providing significant nutritional benefits. In the frame of the EU G2P-SOL project 

(http://www.g2p-sol.eu), a core collection including 322 S. melongena accessions, as 

well as members of wild species belonging to its primary, secondary, and tertiary 

genepools, representing the genetic diversity of over 3,600 accessions from worldwide 

genebanks, was established. The core collection was phenotyped for 46 agronomic traits 

at three sites: Montanaso Lombardo (Italy), València (Spain) and Antalya (Turkey). 

Commercially mature fruits were harvested in both Italy and Spain, their peel sampled, 

and 80 semi-polar metabolites were identified and quantified by LC-HRMS (Q-

Exactive™). The core collection was resequenced at 20X, resulting in >51M high quality 

SNPs. Sequencing data were also used to build a k-mers presence/absence table. After 

quality filters, a genome-wide association study (GWAS) was performed on 309 S. 

melongena accessions for agronomic and metabolic traits with a multi-environment 

approach, using > 1.2M SNPs or > 4M k-mers. Three multilocus mixed models (MLMM, 

FarmCPU and BLINK, available within GAPIT R package) were applied. The analyses 

identified 312 (SNPs) and 274 (k-mers) QTLs related to agronomic traits, while 370 

(SNPs) and 559 (k-mers) QTLs were spotted for metabolic compounds. Candidate genes 

are being under investigation to identify the candidate loci as well as to provide new 

insights into their genetic architecture. 

Key words: Solanum melongena, resequencing, GWAS 
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Development of a flavorful dihaploid potato germplasm 

Samuel Gagnon1, Cyntia Belzil1, Ariane Poulin1, Blandine Bulot1, Louis Félix Nadeau1, 

Jonathan Tremblay1, Helen Tai2, Charles Goulet1 

1Université Laval, Canada 
2Agriculture and Agri-Food Canada 

Over the past decades, fresh potato consumption has steadily decreased in North America 

and Europe. Consumers are increasingly looking for more flavorful products and potato 

is often perceived, rightly or wrongly, as lackluster. Because of its complex genetic, most 

potato breeding programs have not been able to efficiently target flavor. Potatoes are 

tetraploid, highly heterozygous, and suffer from male sterility and self-incompatibility. 

Those traits limit the use of genetic tools and make it difficult to predict the outcome of 

a cross between two parental lines. To facilitate the development of new potato lines, the 

scientific community is now focusing on developing diploids potatoes from tetraploid 

cultivars. While the focus was predominantly on processing cultivars with high economic 

value, there is a clear need for new material oriented to the fresh table market. The main 

goal of the project was to develop a diploid germplasm from flavorful fresh market 

cultivars. Crosses between cultivars and inducer lines lead to a small percentage of 

di(haploid) embryos retaining only the genetic material of the maternal gametes. In total, 

more than 200 diploids were developed from 20 different parental lines. Dihaploids were 

then transferred in a replicated field trial to assess their agronomic traits and their aroma 

profiles. Substantial differences were observed between dihaploids derived from the 

same parent and between each population. This germplasm will provide great resources 

for breeders to develop more flavorful cultivars and offer material for upcoming genomic 

studies.  

Key words: Solanum tuberosum, aroma profile, dihaploid  
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Eggplant’s worldwide production is estimated at about 57 Mt, with China, India and 

Indonesia being the major producing countries (FAOSTAT 2020). Breeding and research 

efforts have been mainly focused on selection for productivity, abiotic and biotic 

resistance, shelf-life and overall quality (especially focussing on health-promoting 

metabolites and on the reduction of anti-nutritional content). Here we collect, compare, 

integrate, and summarize the available literature on quantitative trait loci (QTLs) 

associated with eggplant’s traits of interest, using biparental-based approach as well as 

genome-wide association (GWA) studies. QTLs data have been collected and their 

positions were lifted according to the eggplant reference line (v.4.1 – Barchi et al., 2021), 

allowing the identification of more than 600 QTLs. As a proof of concept, we gathered 

results from previously works focused on prickliness, generally considered an 

undesirable trait, and thus widely targeted by breeders. Overall, 25 QTLs Genomic 

Regions (QGRs) were defined by clustering positional information of 114 previously 

reported QTLs. Our findings represent an overview of the known prickliness-related 

genomic regions, providing a tool that can make it possible to: (i) determine the best 

donors for specific traits; (ii) narrow down QTL regions by combining information from 

different populations;(iii) pinpoint potential candidate genes. 

Key words: Solanum melongena, Quantitative Trait Loci, prickliness 
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VΙΙΙ. Abiotic and Biotic Stresses 

INVITED TALKS 

Residents turned to friends 
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To study the complex overlapping mechanisms that operate between microbial 

endophytes, their hosts and associative microbiomes with plants in the root-rhizoplane-

soil continuum under agronomically meaningful conditions, we performed single and 

multi-partite inoculations of tomato plants with beneficial fungi and applied various 

biotic and abiotic stresses. We recorded parameters of the phenotypic adaptation of the 

plant, the molecular mechanisms that may regulate and dictate these as well as the 

changes in the endophytic and rhizospheric microbiome assembly and functions. These 

studies are expected to lead to ‘improved context-tailored strategies’ for the efficient and 

environmentally sound use and management of beneficial microbes at the agronomic 

level. 

Key words: rhizosphere, beneficial fungi, multipartite interactions, phytohormones 
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The detachment of organs is controlled by highly regulated molecular mechanisms. The 

position of the tomato abscission zone (AZ) is defined by the ratio of the proximal to 

distal part of the pedicel. In this study, the ratio was altered due to a shift in the position 

of the AZ which was attributed to shorter and longer pedicels of SlP4H3 RNAi and OEX 

lines due to changes on cell division and expansion in AZ and distal part. This might be 

associated with LM2- and JIM8-AGPs which increased in OEX and decreased in RNAi 

lines throughout the pedicel. The JIM13 AGPs were downregulated in the flower AZ of 

OEX lines, pointing to a role on abscission regulation. Fascilin-Like Arabinogalactan 

proteins (FLAs) were identified which showed physical interaction with SlP4H3 while 

VIGS-induced suppression resulted in shorter distal pedicel indicating involvement in 

the shift of the AZ closer to the subtending flower. Moreover, ethylene-induced flower 

abscission was accelerated in the RNAi lines and delayed in OEX lines, while exactly 

the opposite response was observed in the red ripe fruit AZs. This was partly attributed 

to alterations in the expression of cell wall hydrolases. Overall, these results indicate that 

P4Hs might regulate molecular and structural features of cell walls in the AZ as well as 

abscission progression by regulating the structure and function of FLAs. 

Key words: tomato, abscission, prolyl 4 hydroxylase 
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Genome-wide association study of salt tolerance in tomato 
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Salinity is a common abiotic stress in many tomato production areas due to the scarcity 

of fresh water in arid and coastal regions of the world. Therefore, it is necessary to 

understand the mechanisms underlying genetic diversity for salt sensitivity in order to 

breed new tolerant cultivars. Several quantitative trait loci (QTLs) related to abiotic stress 

tolerance have been identified in tomato using genome wide association studies and a 

few genes underlying them have been successfully identified.  

In our study, we analysed a whole-genome sequenced panel of 150 tomato genotypes 

composed of wild accessions (S. pimpinellifollium), cherry tomatoes (S. cerasiforme) and 

admixed accessions. This panel was phenotyped during early growth and adult stages for 

both control and salt-stressed treatments. The characterisation of salinity tolerance was 

achieved on several traits including mineral contents, metabolomics and agronomic 

traits. A large variability in response was observed for most of the traits and a few tolerant 

varieties were identified. Then  we conducted a genome-wide association study on these 

traits and identified dozens of QTLs. Several candidates genes within these QTLs have 

functions related to salinity stress tolerance. Some of them are consistent with previously 

published QTLs. These results provide new insights into the genetic architecture of 

tomato salt tolerance and provides new genes to be functionally validated. 

Key words: tomato, GWAS, salinity tolerance 

Development of drought-resilient potatoes with the plantarray and planteye 

systems 

Lucia Sandra Perez Borroto, Marian Oortwijn, Micha Gracianna Devi, Christian Bachem 

Plant Breeding, Wageningen University & Research, 6708 PB, Wageningen, The Netherlands 

Yield is the most important breeding target for crops, and its massively affected by 

suboptimal growth conditions, primarily due to climate factors such as drought. The 
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progressive climate change will reduce water availability for many rainfed crops like 

potatoes, affecting their growth and productivity by up to 70%. Hence, identifying yield-

stabilising genotypes under low water availability is essential for potatoes' climate-smart 

breeding. However, identifying robust phenotyping traits and their implementation into 

efficient methodologies constitutes a significant bottleneck. During this study, we 

conducted in-depth phenotyping in a preselected set of potato cultivars submitted to 

water deficit and irrigation recovery periods by combining two high-throughput and non-

destructive platforms, the Plantarray and the PlantEye. The genotypes water flux from 

Soil-to-Plant-to-Atmosphere was continuously and simultaneously monitored with the 

Plantarray's multi-sensor gravimetric-based system. In addition, the all-plant 

performance traits were evaluated three times a day (sunrise, midday, and sunset) with 

the PlantEye 3D multispectral scanner. Complementary parameters like chlorophyll 

fluorescence and stomatal conductance were non-destructively assessed with LICORs 

LI-600. Overall, 11 potato genotypes were phenotyped, revealing their genetic variation 

in response to water deficit in a wide range of physiological and agronomical traits. Here, 

parameters such as stomatal canopy conductance, transpiration and water use efficiency, 

plant senescence reflectance index and harvest index emerge as robust phenotyping traits.  

Key words: Drought, Plantarray, PlantEye, Phenotyping, Potatoes 
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Plants deal with abiotic stress by combining antioxidants with osmotic protection. 

Exposing storage organs such as potato tuber to cold stress causes a rise in the 

concentration of soluble sugars due to starch breakdown. In this sweetening process, 
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sucrose is cleaved to hexose, mainly by vacuolar invertase (StVInv), raising the osmotic 

concentration of the tuber parenchyma. The potato plant is tetraploid. CRISPR knockout 

of StVInv in potato protoplasts allows us to produce non-transgenic mutants with various 

mutated alleles. Sugar analysis showed that the mutant tubers produce a much lower 

hexose concentration in response to cold stress and maintain low invertase activity. A 

dramatic phenotype occurred even if part of the alleles were mutated. To our surprise, 

the mutant tubers showed much lower lipid oxidation and lowered H2O2 levels in 

response to cold stress. Moreover, the mutant plants also displayed higher drought 

tolerance. Transcriptomic and biochemical analysis of the mutant tuber parenchyma 

during cold stress showed an increase in antioxidants and galactinol pathway. These 

findings show the relevance of the galactinol pathway as an alternative metabolic 

pathway leading to ROS detoxification and cold and drought tolerance. Mechanisms that 

can be used to improve plant osmoprotection during abiotic stress.  

Keywords: Cold stress, genome editing, vacuolar invertase, transcriptome.  
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As sessile organisms, plant have to cope with and defend themselves againt unfavourable 

environmental conditions, such as abiotic stress which negatively affects crop growth 

and development. Salinity adversely impacts plants by inducing osmotic and ionic stress, 

caused by water deficiency and consequently reduced absorption of nutrients. Chilling 

and cold temperature may also cause water deficiency due to poor root hydraulic 

conductance and diminished root activity, resulting in oxidative stress. Furthermore, 

plants can be exposed to different stresses at the same time, which is even worse for crop 

production rather than an individual stress condition.  
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Plants synthesize a variety of (plant) secondary metabolites (PSM) from primary 

metabolites often in response to various abiotic environmental signals. PSM may act as 

signal molecules to elicit a stress response or scavenge excessive reactive oxygen species 

to minimize cellular damage. Capsicum plants have been shown to accumulate 

flavonoids, phenolic acids and carotenoids in response to chilling temperature treatment. 

Using multi-omics analyses, we investigate the effect of chilling temperature, salinity 

and a combination thereof on the metabolome and transcriptome profiles of two different 

Capsicum species. Stress involving chilling temperature induced secondary metabolism 

whereas stresses involving salt repressed cell wall modification and solute transport. The 

metabolome analysis putatively annotated health-stimulating flavonoids (apigetrin, rutin, 

kaempferol, luteolin and quercetin) induced in Capsicum leaves in response to salinity, 

chilling temperature or a combination thereof, which were highly correlated with 

structural genes of the secondary metabolism in the network analysis.  

Key words: Capsicum, transcriptome, metabolome, abiotic stress 

Unravelling regulatory networks involved in heat stress tolerance of potato plants 
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Potato (Solanum tuberosum) is an important crop and the tubers are critical to feed an 

increasing world population. However, potato is particularly vulnerable to high 

temperature, which inhibits tuber formation and impairs tuber yield and quality. A better 

understanding of stress adaptation and novel breeding strategies are key to secure yield 

under rising temperatures. 

Exploiting the availability of significant germplasm resources represents a great potential 

to identify candidates to increase heat stress resilience. A set of nearly 200 European 

cultivars was exposed to heat, phenotyped and genotyped. Overall, heat caused thermo-

morphogenesis, decreased tuber yield and starch content, but there was large variation in 

responses of individual genotypes. The analysis of the genomic sequence data led to a 

set of 38.000 high-quality single nucleotide polymorphisms (SNPs), which were used to 

derive the population structure and to perform a genome wide association study 

(GWAS). Heat-mediated changes in tuber starch content were entered as phenotypic trait 

and several candidate loci were identified and are further investigated. In addition, 
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transcript profiles during heat stress were obtained from two contrasting genotypes to 

gain insights into the dynamic of responses and to aid selection of candidates. 

Beside this unbiased approach, we investigate the role of SP6A in heat adaptation. Its 

expression is downregulated under heat inhibiting tuber formation and growth. This 

might be partially due to the activity of a small RNA, called SES. Recent work uncovered 

high degree variance in the SES locus, which will be discussed together with results 

obtained with various transgenic lines. 

Key words: potato, heat stress, SP6A, GWAS 
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Plants undergo a series of responses to combat the negative effects of abiotic stresses. 

Such effects have been widely studied emphasizing on the aboveground plant tissues, 

whereas information related to the root system response under abiotic stresses is still 

limited. The root system is of great importance performing vital functions through 

adapting its architecture and physiology in response to abiotic stresses. However, the role 

of the root system in abiotic stress resilience of tomato plants has yet to be elucidated. 

The aim of this study was to create a comprehensive picture on the different features of 

root architecture and the stress response at a morphophysiological and molecular level to 

better understand the role of tomato roots grown under conditions of increased salinity, 

drought and nutrient depletion. The profiling of the root system growth and formation 

was performed in vitro on three Greek tomato varieties (Makrokarpi, Krasotomata, 
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Santorini) and the wild species Solanum pimpinellifolium under conditions of different 

abiotic stresses. Subsequently, a morpho-physiological and molecular assessment of the 

tomato responses was performed in a hydroponic system, in vivo. The genotype as well 

as the genotype x treatment interaction had a significant effect on both plant response 

and root morphology to the different abiotic stresses. Based on the tanscriptomic profiles, 

important genes and transcription factors were identified, involved in regulatory 

pathways underlying root responses to these stresses. The results are expected to 

contribute to the preservation and improvement of tomato genetic resources under the 

intensified effects of climate change. 

Key words: root phenotype, stress response, transcriptome, S. lycopersicon, S. 

pimpinelifollium 
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Yield losses due to seedborne pathogens have a major economic impact on the global 

tomato market. We attempted to develop sustainable strategies to stimulate pathogen 

resistance from the seed that have a negligeable impact on seed quality parameters, such 

as germination rate and homogeneity. Our approach consisted in combining seed 

osmopriming techniques with treatments with resistance inducing molecules (defense 

priming). After a first stage of technique optimization, results from tomato µTom seeds 

treated with methyl jasmonate (MeJA) and β-aminobutyric acid (BABA) showed 

extensive transcriptome reprogramming, with a strong effect on defense pathways 

especially in MeJA-treated seeds. To correlate these data with pathogen resistance, we 

produced seeds exudates from MeJA-treated seeds and tested their effect on the growth 

of two pathogens: a bacteria (Clavibacter michiganensis) and a fungus (Alternaria 

brassicicola) by developing a 96-well plate assay based on nephelometry (for A. 
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brassicicola) and spectrometry at 600 nm (for C. michiganensis). Results obtained 

showed a marked growth inhibition of exudates derived from MeJA treatments on A. 

brassicicola, while the effect on C. michiganensis was minor. Our next step is the 

identification of the molecules responsible of the fungistatic effect present in exudates 

derived from MeJA treatments.  

Key words: tomato seed MeJA Alternaria Clavibacter 
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Comparison of tomato RNA-sequencing data highlights multiple-stress responsive 

genes 
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Tomato (Solanum lycopersicum) can be affected by several biotic and abiotic stress, 

which may occur singularly or in combination, causing significant yield losses. In this 

study, we perform a comparative analysis of twelve RNA-sequencing experiments of 

tomatoes exposed to biotic and abiotic stress to identify genes involved in defensive 

response against different stressors. Tomato response to biotic factors, such as 

Cladosporium fulvum, Phytophthora infestans, and Sclerotinia sclerotium (grouped as 

Fungi), Pseudomonas syringae pv. Syringae and Ralstonia solanacearum (classified as 

Bacteria), Tomato spotted wilt virus (TSWV), and Tuta absoluta were investigated. In 

addition, tomatoes challenged by abiotic stress (drought, salinity, low temperature and 

oxidative stress) were also analyzed. First, we identified private DEGs in resistant and 

susceptible genotypes. Then, we compared DEG lists to identify genes responsive to 

multiple stressors. This approach allowed the detection of genes involved in signaling, 

cell wall synthesis, hormonal and gene expression pathways. In particular, four RLKs 

were differentially expressed in biotic stress-resistant genotypes and showed a divergent 

regulation during fungi, bacteria, T. absoluta and TSWV. Moreover, genes encoding for 
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cell wall precursors were DE in both groups of resistant genotypes to fungi and bacteria. 

Among abiotic stress, we found two TFs involved in the tolerant response to drought, 

salinity and low temperatures, while four RLKs were DE in all the susceptible genotypes. 

Similarly, a gene involved in the auxin signaling pathway was DE in tolerant genotype 

to drought and to low temperatures. Hence, our study provides a list of genes involved 

in response to multiple biotic and abiotic stress that could be tested in genetic engineering 

programs to improve tomato multiple-stress resistance. 

Key words: Solanum lycopersicum, RNA-sequencing, Biotic stress, Abiotic stress, 

defensive response 
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Beneficial microorganisms are known to promote plant growth through enhanced 

nutrient acquisition and help alleviate biotic and abiotic stresses. Soil-borne beneficial 

microbes have shown potential in protecting plants against pathogens and herbivores via 

the elicitation of plant responses. In this study, we evaluated the dual roles of Fusarium 

solani strain K (FsK) and Trichoderma spp., both beneficial endophytic filamentous 

fungi that are able to colonise the root system of tomato plants (Solanum lycopersicum); 

as bio-fertilisers and as potential bio-control agents against natural glasshouse 

infestations from the tomato leafminers Tuta absoluta (Meyrick) (Lepidoptera: 

Gelechiidae). Using a commercial variety and with no input in fertilisers or insecticides, 

we assessed plant performance based on the physiological phenotype of the plants across 

developmental stages, the nutrient composition of leaves and fruits, the harvest quality 

of the overall yield and the overall T. absoluta  infestation severity. This study contributes 

towards understanding the role of beneficial microorganisms in crop productivity and 

mitigating environmental stresses.  

Key words: endophyte, Fusarium, tomato, Tuta, performance 
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Crops will be exposed to distressing abiotic conditions more often in the future. Out of 

which heat is expected to adversely affect agriculture and tomato production in the 

Mediterranean area and is therefore subject of this study. To support the identification of 

tolerant germplasm, advance screening techniques and identify heat stress tolerance 

markers, a diversity panel of 14 tomato genotypes, comprising Mediterranean landraces 

of Solanum lycopersicum, the cultivar “Moneymaker” and Solanum pennellii LA0716, 

was assessed towards their tolerance against long-term heat stress. For this, young tomato 

plants were exposed to either control (22/18 °C) or heat stress (35/25 °C) conditions for 

two weeks. Within this period, phenotypical traits were recorded. Subsequently, leaf 

samples were taken and used for transcriptomics.To test the hypothesis, that more 

tolerant genotypes have less affected phenotypes upon stress adaptation, a cluster-

analysis based approach was developed, which allowed for the classification of tolerance 

levels among the diversity panel. The resulting classification of the internal references as 

“tolerant” highlights the applicability of our proposed tolerance assessment model. Using 

the assigned tolerance attributes as supplemental information for the interpretation of 

transcriptomes and differentially expressed genes, existing markers for heat stress as well 

as gene sets that might confer heat stress tolerance have been identified. Hence, the 

combined evaluation of phenotypic plasticity and transcriptomes are useful tools to 

support the identification of novel genetic resources amongst existing germplasms and 

support breeding for stress adapted cultivars. 

Key words: heat stress, transcriptomics, phenotyping, landraces, genetic resources 
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Solanum aethiopicum, the African eggplant, is a nutritious crop which could increase 

agricultural adaptability to environmental stresses. Its wider use is, however, limited due 

to a lack of research and investment. Understanding how the African eggplant responds 

to a combination of stresses is crucial in light of climate change to advise researchers, 

policy-makers, and farmers on their potential use in future food systems. This project 

aimed at describing the effects of salinity in combination with increasing temperatures 

on the African eggplant over 10 days. Three growth cabinets were used at different 

temperatures: 27/21°C, 37/31°C, and 42/36°C day/night on a 12-h photoperiod. Salinity 

stress was applied to half of the plants in each cabinet using 100 mM NaCl solution when 

irrigating. Leaf expansion rate, water use, photosynthetic parameters, final leaf area and 

biomass, electrolyte leakage (EL), and chlorophyll content were measured. Plants under 

high temperatures had better photosynthetic dynamics with a significant increase in 

photosystem II quantum yield and a decrease in non-photochemical quenching. 

Flowering was negatively affected by an increase in flower abortion at 42°C. Salinity did 

not affect photosynthesis but decreased total leaf area and membrane stability as 

measured by EL. While high temperature alone did not impact membrane stability, plants 

grown at 42°C under salinity had the lowest membrane stability. Different pathways 

seem to be affected by heat and salinity and their combination affected some attributes 

differently than the simple addition of separate stresses. These findings shed new light 

on the tolerance of the African eggplant to harsh climate.   

Key words: African eggplant, Salinity, Temperature, Photosynthesis 
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Moniliophthora perniciosa, the causal agent of Witches’ Broom Disease of cacao, 

represses miR156-targeted SlSBP genes to enhance symptoms in tomato 
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The hemibiotrophic basidiomycete Moniliophthora perniciosa causes the Witches’ 

Broom Disease (WBD) in Theobroma cacao, the chocolate tree. The isolates of M. 

perniciosa pathogenic to Solanaceae (S-biotype) enabled the use of tomato Micro-Tom 

(MT) as a model to study the WBD. Our group showed that M. perniciosa promotes stem 

swelling and excessive axillary outgrowth (WB), and alters fruit morphology in MT. 

Here, we demonstrated that infected and non-infected MT transgenic plants 

overexpressing the miR156 (156-OE) presents similar excessive axillary outgrowth and 

the same fruit morphology. The infection by M. perniciosa in MT represses the majority 

of SPL/SBP-box independently of induction of miR156/157. Hence, we hypothesized 

that the repression of miR156-targeted SlSBP genes in response to infection could 

promote pathogenesis. Compared with MT, the infection of 156-OE plants had a higher 

incidence of steam swelling, and lower fruit yield. Tomato usually presents the biotrophic 

stage of WBD, but the pathogen was aggressive enough to induce the necrotrophic stage 

of infection in 156-OE. RNAseq analysis indicated the induction of common gene 

pathways when comparing non-infected 156-OE (with repression of miR156-targeted 

SlSBP genes) and infected MT plants with M. perniciosa. These results reinforce our 

hypothesis and explain the similarities between non-infected 156-OE MT infected plants. 

Furthermore, we inoculated transgenic plants overexpressing the SlSBP15 resistant to 

the miR156/157 regulation and observed lower incidence and colonization followed by 

attenuating stem swelling compared with MT and 156-OE. Altogether, our data show 

that M. perniciosa downregulates miR156-targeted SlSBP genes (i. e., SlSBP15) resulting 

in increased susceptibility and aggressiveness.  

Key words: WBD, SlSBP, Moniliophthora 
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Organic tomato products are highly requested by the consumers, they agree to pay extra-

price for an environment friendly and pesticide-free food. Organic farming is a method 

of taking care of soil and plants and the main difference towards traditional farming is 

the exclusion of many chemical products that could reduce the spread of pathogens. At 

the moment the farmers use varieties that have been constituted for traditional 

cultivation. The project has the goal to evaluate new genetic materials that could have 

better performance in organic cultivation. Phytophtora infestans (Late blight) and 

Alternaria solani (Early blight) resistances are evaluate carefully by monitoring natural 

infection as well as by artificial inoculation. A new method to infect tomato plantlets 

with alternaria conidia has been developed. 8 large organic tomato trials have beed 

assessed in north of Italy to understand the agronomic performance of 30 new varieties. 

4 varieties have been professional processed to get information on the quality and on the 

yield once processed in puree, juice and dice. A new method for detecting alternaria toxin 

by UHPLC-HRMS in tomato based products has been developed 

Key words: tomato, phytophtora, alternaria, processing, organic 
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The endophytic fungus Fusarium solani strain K affects the hormone and 

metabolite profile and alleviates stress of tomato plants under drought conditions 
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Plants have developed mechanisms to cope with a variety of stresses that retard growth 

and productivity. Drought and salinity are environmental conditions that affect their 

physiological and metabolic processes (Kavroulakis et al. 2018). Endophytic filamentous 

fungi help host plants during stress conditions. Fusarium solani strain K (FsK) is a 

beneficial endophytic fungus that is able to colonize tomato’s root system (Solanum 

lycopersicum) and provide defense against drought and salt stress (Kavroulakis et al. 

2007). Endophytes can alter the hormone profile of the host while stress conditions lead 

to the activation of specific transcription factors that are involved in hormone signaling 

pathways (Orellana et al., 2010; Jalal et al. 2020). In this work we examined whether 

FsK colonization on tomato seedlings’ root system, grown under normal and drought 

conditions, had an impact on the level and signal transduction of plant hormones and on 

the metabolome. Our data indicated that the inoculation with the endophytic fungus may 

generally enhance plant growth by activating specific transcription factors and 

manipulating specific plant hormones like Abscisic acid (ABA), and therefore result in 

endurance of the inoculated plants. 

Key words: Endophyte, Drought, Hormones, Metabolome 
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The global temperature increase due to climate change affects crops in template regions 

worldwide. Tomato is one of the affected crops, therefore, in the current work, we studied 

the genetic control of reproductive traits under different heat stress conditions in three 

populations of inbred lines derived from crosses between S. pimpinellifolium accessions 

and tomato cultivars (MoneyMaker x TO-937, E9xL5 and E6203xLA1589). The 

temperature increase affected reproductive traits, especially at extremely high 

temperature, where only few lines were able to set fruits. Even though a relative modest 

number of QTLs were identified, a clusters of QTLs involved in the response of 

reproductive traits to heat stress were detected on chromosome 2 for different 

reproductive traits in most of the populations. Interestingly, several epistatic interactions 

were detected in the E9xL5 and MMxTO-937 populations, that were classified in three 

classes based on the allelic interaction: dominant (one locus suppressed the allelic effects 

of a second locus), co-adaptive (the double homozygous for the same parent alleles 

showed a higher phenotypic value than the combination of homozygous for alternative 

alleles) and transgressive (combination of double homozygous for alleles from different 

parents showed better performance than double homozygous for the same parent alleles) 

epistasis. Six of these epistatic regions were identified in both populations. These results 

reinforce the important role of non-additive genetic variance in the response to heat stress 

and the potential of the new allelic combinations arisen after wide-crosses. 

Key words: Abiotic Stress, Heat tolerance, QTLs and Epistasis.  
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Olive (Olea europaea L.), one of the most economically important fruit trees in the 

Mediterranean basin is under thread due rapid changes in environmental conditions. 

Acute heat-stress (drought) are followed with heavy rains could change rapidly the global 

picture of olive cultivation. In combination with low quality saline water often used for 

irrigation could result in detrimental production in the next years to come. There are 

certain molecular studies about the salt tolerance in olive, though, the perplexed salt 

tolerance of a tree that is already adapted to drought, needs further investigation. Herein, 

a transcriptomics approach was used to unravel gene regulatory networks underlying 

salinity responses by introducing acute stress conditions of salinity. A 64-day long 

salinity experiment using one-year old trees exposed to irrigation scheme containing two 

NaCl concentrations: at day 0 plants were irrigated with 75 mM NaCl for 12 days and 

then the concentration was raised to 150 mM NaCl for 52 days. Leaves were detached 

from plants at day 4 (at 75 mM NaCl) and at day 16 (at 150 mM NaCl), and RNA was 

isolated from Koroneiki cultivar. In total, 93,794 transcripts were identified and from 

those 1382 were characterized as DEGs. These DEGs were divided into 9 clusters 
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depending on the expression profile. Q-PCR analysis confirmed the DEGs derived from 

in depth RNA sequencing. Based on comparative amino acid analysis a number of genes 

involved in hormonal synthesis/response were differentially expressed.  This approach 

will provide key factors for crop breeding and engineering, facilitating the tolerance of 

the olive tree under drought environmental conditions.  
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Water deficit (WD) promotes adaptive changes in horticultural crops which involve 

complex regulation mechanisms at physiological, biochemical and genetic levels. 

Growth and fruit quality of tomato (Solanum lycopersicum L.) are severely affected by 

drought stress. Mediterranean tomato landraces have shown various levels of adaptation 

to WD, suggesting different mechanisms between varieties. Understanding the molecular 

mechanisms responsible for the different adaptive strategies to WD stress is crucial for 

developing new drought-tolerant varieties of tomato, which could be extended to other 

crops. In this work, transcriptomic analyses of root and leaves of a Balearic ‘de Ramellet’ 

(TdR) landrace, an Italian ‘da Serbo’ (TdS) landrace and the reference genotypes ‘Ailsa 

Craig’ (AC) and ‘Moneymaker’ (MM) were conducted in plants grown under WD and 

well-watered (WW) conditions. Results revealed significant differences in the response 

to WD between landraces at the phenotypic and molecular levels, especially in leaf 

tissues. A total of 12,896 differentially expressed genes (DEGs) were detected, of which 

9,296 were organ-dependent and 10,070 were genotype-dependent. From the latter, 33% 

and 16% are exclusive of the TdR and TdS accessions respectively. We detected a 

significantly larger effect of the genetic background over the WD effect, summed to the 

presence of genes showing significant interaction between genotype and environment. 

Genes identified in this work will be further studied to validate their impact in the WD 

stress responses. Further, presence and variation in such genes will be screened across 
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collections of drought-adapted Mediterranean tomato landraces and pose a valuable 

resource for horticultural crop improvement. 

Key words: Transcriptomics, Solanum lycopersicum, Drought tolerance, Abiotic stress  
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Leafamine® biostimulant alleviates heat stress effects in tomato 
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Heat waves cause significant yield losses on many crops and will become more frequent 

with climate change. However, it is essential to maintain sufficient agro-food production 

to deal with an increasing world population. Among the different solutions to face the 

effects of climate change and global warming, biostimulants look very attractive. 

Biostimulants are described as products that stimulate plant natural processes and 

increase their nutritional efficiency and resistance to abiotic stresses. Leafamine®, a 

biostimulant composed of 82% free amino acids. To determine if Leafamine® can 

provide heat-wave tolerance to tomato plants for alleviating heat-stress effects, , we  

performed in vitro culture and  greenhouse experiments under normal and high ambient 

temperatures to evaluate plant development at morphometric and molecular levels by 

measuring yield, marker gene expressions and metabolite contents. Preliminary results 

showed that Leafamine® improved root development either in normal and high ambient 

conditions and resulted in increased expressions of genes that promote root development. 

Interestingly, the application of Leafamine® during heat waves reduced the negative 

impact on fruit yield by 15% due to an increase in the production of larger fruits by 33%. 

In addition, Leafamine® modified tomato primary metabolism throught the accumulation 

of starch during the heat stress as well as by allowing a better remobilisation of the 

carbohydrate resources at the end of the stress, allowing an increase of fruit biomass. 
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Half of the world crop production is supported by the use of synthetic fertilizers, nitrogen 

(N) in all its forms being prominent among them. However, the production and 

utilizations of nitrogen fertilizers have well established detrimental effects on the 

environment and global changes (impacts on water resources, imbalance micro-organims 

equilibrium). Therefore, minimizing N-input, either through efficient fertilizer 

management or the identification of high N-use efficient (NUE) genotypes, is one of the 

main challenges to sustain high crop yields while reducing environmental costs. Our 

study is part of the SusCrop ERA-NET SOLNUE projet aiming to provide knowledge 

and genetic solutions toward N fertilizer reduction on tomato and eggplant. We focused 

here on tomato with two goals: (i) identifying QTLs involved in NUE, N storage or 

response to N variation in a diversity panel phenotyped under two N fertilization 

conditions and (ii) highlighting the transcriptionl regulation of tomato response to N 

limitaion in leaves and fruits of contrasting lines and hybrids. First results showed a 

significant negative impact of N stress on biomass production while no clear effect was 

seen on fruit quality. Several QTLs for N response were detected in each condition as 

well as underlying GxE interactions. At the transcriptome level, the N stress induced 

more variation in leaves compared to fruit with around 20% of the differentially 

expressed genes (DEG) in common between the two organs, even though the level of 

regulation varied between genotypes and organs. This allowed us the identification of 

candiate genes for QTLs. 

Key words: Tomato, Nitrogen stress, GWAS, transcriptomic analysis 
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Previously, a drought-tolerant Pseudomonas putida strain (SAESo11), possessing 

various Plant-Growth-Promoting traits, such as P-solubilization, indole-3-acetic acid, 

siderophores, exopolysaccharides and biofilm production abilities, was able to alleviate 

the negative effects of drought stress in tomato plant. As a step forward, using high-

throughput RNA-sequencing, we provided insights into the transcriptome of the 

inoculated plants. Following Differentially Expressed Gene analysis, it was clearly 

shown that inoculation with the beneficial strain has led to a less disturbed transcriptome 

upon drought stress, with 218 and 30 DEGs being annotated in non-inoculated versus 

inoculated plants, respectively, compared to control treatments. This was further 

supported by the GO enrichment analysis demonstrating that transcripts related to stress 

and wounding responses, lipid metabolic processes, enzyme inhibitor and regulator 

activity, as well as peptidase inhibitor and regulator activity, were significantly 

stimulated only for the non-inoculated plants under drought stress. Moreover, a less 

activated antioxidant defense system, and carbon metabolism modulation, a more 

efficient nitrogen assimilation, as well as an induction of phenylpropanoid and flavonoid 

biosynthesis pathways, were among the drought-attenuating mechanisms for the 

SAESo11-inoculated plants. To complement and enrich the gene expression analysis, 

untargeted metabolomics was carried out highlighting the less metabolic reprograming 

and the lower accumulation of stress-related metabolites in inoculated plants. 

Conclusively, SAESo11-inoculation provides systemic effects that involve metabolic 

and regulatory functions supporting both seedling growth and stress amelioration. 

Key words: abiotic stress, antioxidant metabolism, bio-priming, Pseudomonas putida 
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lycopersicum and its wild relative Solanum chilense. 
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Drought and high temperature significantly limit plant growth and productivity in tomato 

(Solanum lycopersicum). The elucidation of tolerance strategies in wild relatives is a 

powerful approach to understand local adaptations for potential crop improvement. 

Solanum chilense is able to cope with harsh environment in its area of origin and could 

represent an abundance of genetic diversity for tomato improvement. However, 

physiological basis of drought and heat tolerance in Solanum chilense has received only 

minor attention until now. In this study, we compared the effects of drought, high 

temperature, and their combination in two cultivars of S. lycopersicum and six 

populations of S. chilense. Plants were grown at 21/19°C or 28/26°C under well-watered 

and water-stressed conditions. Plant growth, physiological responses, and expression of 

stress-responsive genes were investigated. The effects of water stress, high temperature, 

and their combination differed according to the accession, suggesting differences in 

stress resistance between species and populations. Water stress affected plants more 

negatively than temperature from a morpho-physiological point of view, while the 

expression of stress-responsive genes was more affected by temperature. Accessions 

clustered in two groups regarding resistance to water stress and high temperature. The 

expression of stress-responsive genes was more stable in resistant accessions than in 

sensitive ones in response to water stress and high temperature. Altogether, our results 

suggest that water stress and high temperature resistance in S. chilense did not depend on 

single traits but on a combination of morphological, physiological, and genetic traits.  

Key words: abiotic stress resistance, high temperature, water deficit, wild tomato  
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Salinity is a growing global concern that affects the yield of crop species, including 

tomato (Solanum lycopersicum). In contrast to S. lycopersicum, its wild relative Solanum 

chilense was reported to have halophyte properties. We compared salt resistance of both 

species during reproductive phase and investigated minerals accumulation and sugar 

metabolism to identify the main causes of the decrease of flower production and fertility. 

Plants were exposed to NaCl (0, 60, 120 mM) from the seedling stage for 91 days. 

Inflorescence production decreased in both species under salinity while inflorescences 

and flowers abortion increased in S. lycopersicum only. Regarding flower fertility, the 

number of pollen grains per flower decreased and pollen viability increased with salt in 

S. chilense; these parameters were not affected in S. lycopersicum. Both species limited 

the accumulation of Na and Cl in the inflorescences without affecting K concentration. 

The concentration of Na and K in the inflorescences was lower in S. lycopersicum than 

in S. chilense under salt stress while the concentration of Cl was higher in the 

inflorescences of S. lycopersicum. In flowers, Na was mainly located in male floral 

organs of S. chilense but in non-reproductive floral organs of S. lycopersicum under 

salinity. Sugar analysis showed that inflorescences of S. lycopersicum contained more 

sugars than those of S. chilense and that S. lycopersicum and S. chilense differed by the 

composition of sugars in the inflorescences. Overall, our results indicated that both 

species differed towards strategies of minerals and sugars accumulation in reproductive 

organs.  
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The family of Geminiviridae consists of more than 500 circular single stranded (ss)-DNA 

viral species that can infect numerous dicot and monocot plants. ToLCNDV is a 

geminivirus prevalent in India where it infects mainly Solanaceous species causing 

significant economic losses in tomato cultivation. The virus, however, has been 

expanding its geographical distribution and genetic diversity, leading to the infection of 

new hosts. During its introduction in the Mediterranean basin in the past decade, the virus 

also adapted to cucurbits, better than its Indian relative and has become a major threat to 

European cucurbit production. Recessive resistance to this new European isolate, 

ToLCNDV-ES, mapped to a QTL in cucurbits, i.e. in chromosome 11 of melon and 

chromosome 8 of pumpkin. From the short list of candidate genes mapping on the 

melon’s QTL, one gene, involved in the replication of DNA, turned out to contain a 

single nucleotide polymorphism that was found highly conserved in multiple melon 

accessions with a resistant phenotype to ToLCNDV. In the current research we provide 

not only genetic and functional evidence for the causal gene of the ToLCNDV recessive 

resistance in melon but also we propose the previously unknown fundamental role of this 

gene for the onset of DNA replication of geminiviruses. The findings of the current 

research have a potential application in any geminivirus – host crop pathosystem 

including solanaceous crops. 
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A new viral disease that caused severe losses in tomato production was reported in Israel 

in 2014. The responsible virus is a member of the genus Tobamovirus, named tomato 

brown rugose fruit virus (ToBRFV). ToBRFV has a positive single-stranded RNA 

genome and is transmitted mechanically. Within five years, ToBRFV infections were 

reported in Asia, North America and Europe. The severity of this disease, its rapid spread, 

and the absence of resistant cultivars make this virus a global threat for tomato 

production. In the last years, several studies have been undertaken to identify ToBRFV-

resistant sources in wild Solanum accessions. In this respect, we have optimized the 

screening of wild Solanum accessions for the identification of ToBRFV resistance. We 

have tested more than 50 different accessions from ten different wild Solanum species 

that have not been reported in previous ToBRFV screens. Two S. pennellii accessions 

did not develop symptoms and the virus was also not detectable with the ToBRFV 

ImmunoStrip® test (Agdia). A population derived from a cross with one of these 

accessions was investigated for ToBRFV resistance. The segregation ratio suggests that 

the resistance trait is inherited dominantly. Our next efforts will be to map and identify 

the underlying resistance gene in this S. pennellii accession and introgress it into tomato 

cultivars. Finally, we will also continue to screen more wild Solanum accessions to obtain 

additional resistant ToBRFV sources to combat the devastating tomato brown rugose 

fruit disease.  

Key words: tomato, Solanum, virus, resistance, ToBRFV 
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An integrated chemical and genetic approach to improve tomato flavor quality 
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Although the tomato is ubiquitous in cuisines and one of the highest value vegetable 

crops produced world-wide, consumers generally hold negative views on the flavor 

quality of commercial varieties. Breeders have made tremendous progress in developing 

varieties with high yield and postharvest shelf life but have largely neglected flavor due 

to the many challenges associated with this trait, including complex genetics, expensive 

phenotyping and major environmental influences. We have taken a systematic approach 

to simplifying this complex trait, defining the underlying chemistry of consumer 

preferences and the genetic control of relevant metabolic pathways. We have identified 

genetic variations that influence synthesis of flavor-associated chemicals in over 600 

accessions of the domesticated tomato and its closest wild relatives. We have assembled 

a set of genetic markers that can be used to improve flavor of commercial cultivars, 

satisfying the desires of both producers and consumers. We have initiated reintroduction 

of superior alleles of flavor-associated genes into a modern commercial variety, 

significantly increasing content of favorable volatiles and consumer liking. This 

analytical/genetic approach is now being applied to other fruit crops, including blueberry 

and strawberry.  
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Molecular interactions in tomato specialized metabolism 

Alain Goossens1,2 

1Department of Plant Biotechnology and Bioinformatics, Ghent University, 9052 Ghent, 

Belgium 
2Center for Plant Systems Biology, 9052 Ghent, Belgium 

The plant kingdom synthesizes thousands of bioactive specialized metabolites that have 

important roles in plant survival and often valuable applications for humans. Yet, this 

impressive metabolic machinery is still scarcely exploited, mainly because of the limited 
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molecular insight into plant (specialized) metabolism. Accordingly, understanding the 

biosynthetic systems and biological functions of plant chemicals is a major objective in 

current plant science. Nature has invented strict, yet not fully understood, regulatory 

networks that control plant metabolism. These networks safeguard plant fitness in a 

continuously changing environment. By investigating the reprogramming of plant 

metabolism by developmental and environmental cues, we aim to advance our 

fundamental understanding of the mechanisms that steer plant metabolism. We 

specifically focus on jasmonate (JA), the phytohormone that steers the delicate balance 

between growth and defence programs across the plant kingdom, including the 

production of bioactive specialized metabolites. Interactions among and between small 

molecules and macromolecules drive virtually all cellular regulatory processes within 

any organism, and this is particularly applicable to the JA-modulated systems that control 

plant metabolism. To unravel these systems, we have installed different complementary 

cutting-edge platforms to study interaction between proteins, between proteins and 

nucleotides, and between proteins and metabolites. Here I will illustrate the performance 

of some of these platforms by presenting our latest findings from our research on the 

modulation of tomato metabolism by JA and rhizogenic Agrobacteria. 

Key words: Interactomics, jasmonate, rhizogenic Agrobacteria, specialised metabolism, 

tomato,  
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Carotenoid pigments are naturally occurring isoprenoid molecules. They play essential 

roles in photosynthesis and provide flowers and fruits with their characteristic colors. In 

addition, they also serve as precursors for the biosynthesis of apocarotenoids; Among 

them are various volatile molecules, hormones and growth regulators. Therefore, 

carotenoids are synthesized and present in all plant tissues. Carotenoids are considered 

health-promoting compounds. Thus, creating tomato lines with high lycopene or other 

carotenoids in the fruit is desired to improve the human diet. Such lines have been 

achieved through single-gene mutations in the carotenoid pathway that increase lycopene 
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or produce other high-value carotenoids such as phytoene and phytofluene, prolycopene 

and zeaxanthin. However, these mutations also affect other organs. Using mutations that 

change the composition of carotenoids in tomato roots, we discovered their involvement 

in plant development by changing the levels of abscisic acid (ABA), strigolactones and 

zaxinone. These changes affect the growth of the plants and their resistance to broomrape 

infection. 

Key words: Tomato, Carotenoids; Abscisic acid (ABA); Strigolactones 
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A game changer: the discovery of a missing link in steroidal glycoalkaloid 

metabolism in Solanum 
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Asaph Aharoni1 
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Solanaceae plants are well known for their ability to produce a wide range of bioactive 

and toxic metabolites. Among them, antinutritional steroidal glycoalkaloids (SGAs) 

characteristic to the genus Solanum, play an important role in plant defense against 

herbivores and pests. Although the biosynthesis of SGAs is relatively well understood, 

the functionalities of certain enzymes have never been confirmed, and the reconstitution 

of an entire biosynthetic pathway has been futile until now. Here we present the 

characterization of a new GLYCOALKALOID METABOLISM15 (GAME15) protein 

– a missing link in Solanum SGAs biosynthesis. We discovered that GAME15 is a result 

of an evolutionary molecular hijacking of the cell wall machinery that encompassed 

change of subcellular localization and loss of enzymatic activity. GAME15 evolved as 

an endoplasmic reticulum (ER) scaffold protein tethering other GAMEs from early steps 

of the pathway and enabling their functionality. Using a variety of techniques, we 

confirmed that GAME15 links the cholesterol and SGA pathways and facilitates 

metabolite channeling between them.The significance of GAME15 is easily illustrated 

by the complete loss of SGA production after its silencing in tomato and potato. The 

identification of the GAME15 function not only allowed complete characterization of 
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other GAME enzymes but also enabled engineering the SGA biosynthesis in 

heterologous hosts. Overall, GAME15 is a unique example of an enzyme that lost its 

activity during evolution and became a scaffold controlling the biosynthesis of defense 

metabolites in Solanum. 

Key words: molecular hijacking, biosynthetic pathway, defense metabolites, scaffold 

protein, metabolite channeling 

Biochemical and genetic approaches to improving tomato flavor 
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Commercially produced modern tomatoes have many desirable agronomic traits such as 

shelf life, disease resistance and yield; however, consumers consider them less flavorful 

than most locally produced heirloom varieties. This flavor deficiency is due to a 

cumulative loss of superior alleles affecting flavor volatiles while breeding for other 

traits. The lack of breeder focus on the consumer is largely due to the genetic complexity 

of the flavor phenotype as well as a lack of a simple assay that can define consumer 

preferences. Tomato flavor is a result of interactions between sugars, acids and aroma 

volatiles, with volatile compounds giving the tomato fruit its characteristic aroma and 

flavor. We have measured 68 potential flavor-associated chemicals in over 550 tomato 

varieties, including modern, heirloom and ancestral tomato accessions. Over 150 of these 

varieties were evaluated by a large consumer panel for fruit flavor quality traits including 

overall liking. This analysis permitted us to determine which chemicals in the fruit 

correlate with consumer preferences. In addition, Genome Wide Association Studies 

(GWAS) identified loci associated with altered levels of acids, sugars and aroma 

volatiles. We have used marker-assisted breeding to introgress favorable loci from 

heirloom parents into modern tomato varieties. Introduction of several flavor loci into a 

modern tomato variety has resulted in improved flavor as assessed by consumers. 

Key words: flavor, aroma compounds, breeding 
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Steroidal glycoalkaloid (SGA) is classified into solanidane and spirosolane based on the 

structure of the skeleton derived from the steroid side chain. Solanidane is produced only 

in potatoes, while spirosolane is found in a wide range of Solanaceae, with α-tomatine of 

tomato being the best known. DPS, a 2-oxoglutarate dependent dioxygenase (DOX) 

family enzyme, has been isolated from potato and identified as a key enzyme involved 

in the conversion from spirosolane to solanidane 1). In cultivated tomato, the metabolic 

detoxification of α-tomatine during fruit ripening is an important trait which aided in its 

domestication, and two distinct DOXs, a C-23 hydroxylase of α-tomatine (Sl23DOX) 

and a C-27 hydroxylase of lycoperoside C (Sl27DOX), are key to this process 2,3). There 

are tandemly duplicated DOX genes on tomato chromosome 1, with high levels of 

similarity to Sl23DOX. Their biochemical analysis revealed that they are habrochaitoside 

A synthase (HAS) and α-tomatine 20-hydroxylase (20DOX) 4). Furthermore, 20DOX and 

HAS exist in the genome of wild tomato S. habrochaites accession LA1777, which 

accumulates habrochaitoside A in its fruits. These results indicate that the functional 

divergence of spirosolane-metabolizing DOXs results from gene duplication and the 

neofunctionalization of catalytic activity and gene expression, and this contributes to the 

structural diversity of SGAs in Solanaceae.  

Key words: steroidal glycoalkaloid, dioxygenase, gene duplication, 

neofunctionalization 
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Bacterial-type PEP carboxylase regulates fruit size and ripening time in tomato, 

Solanum lycopersicum. L 
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R. Fernie2,3 
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2Department of Biology, Queen’s University, Kingston, ON K7L 3N6, Canada 
3Center of Plant Systems Biology and Biotechnology, Ruski Blvd. 139, 4000, Plovdiv, Bulgaria 

Phosphoenolpyruvate carboxylase (PEPC) is a tightly regulated cytosolic enzyme that 

catalyzes the irreversible β-carboxylation of PEP in the presence of HCO3
− to yield 

oxaloacetate and Pi. Plant PEPC belongs to a small multi-gene family encoding several 

plant-type PEPCs (PTPCs), as well as a distantly related bacterial-type PEPC (BTPC). 

Plant BTPC genes encode 116–118 kDa polypeptides exhibiting low (<40%) sequence 

identity with PTPCs. BTPC subunits tightly associate with PTPCs, producing an unusual 

Class-2 PEPC hetero-octameric complex that is desensitized to allosteric effectors, and 

dynamically associates with the mitochondrial envelope. The tomato genome encodes a 

single BTPC gene that is maximally expressed during fruit development, peaking in 

mature green and descending through ripening (Ting et al. 2017 J Exp Bot). BTPC was 

mutated in Solanum lycopersicum cv ’Moneymaker’ to further elucidate its biological 

role using CRISPR/Cas9, targeted at the end of the first exon. Four different mutant lines 

were selected and their mutation was confirmed by sequencing. Co-IP and 

immunoblotting with PTPC and BTPC antibodies revealed that expression of BTPC 

polypeptides was abolished in the edited fruits, whereas PTPC expression was 

unaffected. Phenotypic analyses revealed that the mutant fruit took up to 10-d longer to 

ripen (20% more than WT). Furthermore, mature CRISPR/Cas9 fruits exhibited (relative 

to WT): i) a 20% and 30% smaller size and fresh weight, respectively, and ii) 

significantly lower concentrations of TCA cycle intermediates, coupled with higher 

sucrose levels. We hypothesize that BTPC makes crucial contributions to anaplerotic 

PEP carboxylation and respiratory CO2 refixation in immature tomatoes.  

Key words: anaplerosis, central metabolism, PEP carboxylase, tomato fruit, TCA cycle 
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Glandular trichomes (GTs) are epidermal outgrowths capable to produce, secrete or store 

large quantities of secondary metabolites (SM). Enzymes involved in the formation of 

the major SM have been described but little is known about how the central carbon 

metabolism is organized to supply precursors for the SM biosynthesis. Omics data 

suggest that tomato GTs despite being photosynthetic, rely essentially on the leaf-

imported sucrose as carbon source. The finding of specific isoform of ribulose 

bisphosphate carboxylase/oxygenase small subunit (NtRbcS-T) exclusively expressed in 

GTs of tobacco was proposed to have a distinct role of in the refixation of the CO2 

released as a subproduct from the metabolic reactions. In addition, C4-photosynthesis 

associated genes like phosphoenolpyruvate carboxykinase (PEPCK) exhibit upregulation 

in the GTs. In the present study, we characterize the role of Rubisco and PEPCK in the 

GTs of tomato. Phylogenetic and expression analysis indicate the existence of an 

orthologous gene designated here as SlRbcS-T. Promoter-GFP reporter lines of SlRbcS-

T display fluorescence only in the glandular head cells of type IV GTs. Knockout mutants 

generated using CRISPR approach are being used to investigate the impact on the 

productivity in this type of GTs. Coexpression and prevalence of other RbcS homologs 

in GTs challenge the question about the contribution of this particular isoform. Reduced 

amount of monoterpenoids observed in preliminary data from PEPCK KOs uncovers the 

role of this enzyme in the provision of precursors from the cytosol into the plastids for 

the MEP pathway.  

Key words: Glandular trichomes, Rubisco, PEPCK, photosynthesis. 
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Plant biofactories are a promising platform for sustainable production of high value 

compounds, among which are insect sex pheromones, an alternative to conventional 

insecticides. Recently, we have constructed transgenic Nicotiana benthamiana plants 

(“Sexy Plants”, SxP) that produce a blend of moth (Lepidoptera) sex pheromone 

compounds (Z)-11-hexadecen-1-ol and (Z)-11-hexadecenyl acetate. However, efficient 

pheromone biosynthesis resulted in growth and developmental penalty, diminishing the 

potential use of SxP as biofactories. To gain insight into the underlying molecular 

responses, we analysed the whole-genome transcriptome in relation to growth and 

pheromone production in low and high producing SxP lines. Differential gene expression 

analysis revealed that while only a few genes were differentially regulated in low 

producing plants, compared to wild type plants, high producing plants exhibited vast 

transcriptional reprogramming. They showed stress-like response, manifested as 

downregulation of photosynthesis-related genes and deregulation of hormonal signalling 

and secondary metabolism-related genes, the latter presumably leading to previously 

reported volatilome changes. Further network analyses, using Arabidopsis thaliana 

knowledge networks,  confirmed stress-like response with activation of jasmonic acid 

and downregulation of gibberellic acid signalling, illuminating the possibility that the 

observed growth penalty was not solely a consequence of a higher metabolic burden of 

the heterologous biosynthetic pathway, but rather the result of signalling pathways 

perturbation. Our work presents the first detailed analysis of yield-reducing stress 

signalling in plant biomanufacturing that provides a promising solution for developing a 

more robust bioproduction chassis. 

Key words: Nicotiana benthamiana, biomanufacturing, insect sex pheromones, 

transcriptomics, growth-stress tradeoffs 
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A pair of microRNAs controls the unique pigmentation shift in developing 
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Pigments are secondary metabolites largely present in fruit to attract animals for seed 

dispersal. In most fleshy fruit, green chlorophyll accumulates early in development 

which is gradually replaced by a range of pigments during fruit ripening. In blueberry, 

grapes, and strawberry for example, chlorophyl is replaced by intense red fruit 

anthocyanins generated in the downstream portion of the flavonoid biosynthetic 

pathway. Eggplant fruit is unique in terms of pigmentation as anthocyanin present as of 

fruit set in its skin tissue is exchanged through maturation by a yellow pigment. We 

recently found that this yellow colour is a result of naringenin chalcone; a flavonoid 

pathway intermediate that is known to accumulate in tomato fruit cuticle starting from 

the breaker stage of development. The genetic regulation of such an unusual shift in 

eggplant pigmentation and flavonoid pathway metabolites is entirely unknown. To 

understand the molecular basis of this phenomenon, we integrated microRNA (miRNA) 

and mRNA sequencing profiling data obtained from eggplant fruit during development 

up to ripening. We discovered that transcriptional regulation of anthocyanin biosynthesis 

in the eggplant skin flavonoid pathway is regulated by Squamosa Promoter binding-Like 

(SPL6a, SPL10, and SPL15) and MYB (MYB1 and MYB2) transcription factors (TFs) 

while the MYB12 protein controls naringenin chalcone biosynthesis. We next provide 

several evidence that miRNA157 and miRNA858 negatively regulate SPLs and MYBs, 

respectively. Interestingly, in contrast to findings in other plant species, SPLs in eggplant 

positively regulate anthocyanin biosynthesis by transcriptional regulation of MYB1 and 

MYB2 TFs but moreover through direct control of anthocyanin pathway structural genes. 

Taken together, our model suggests that coordinated control through complementary 

expression patterns of miRNA157 and miRNA858 activates various parts of the flavonoid 
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pathway in developing and ripening eggplant fruit skin tissue. This results in an unusual 

shift in eggplant fruit pigmentation in which anthocyanins are likely actively degraded 

through ripening and replaced by yellow intermediates of the flavonoid pathway. 

Keywords: Fruit pigments, eggplant, anthocyanin, naringenin chalcone, microRNA 
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Cyst nematodes are highly evolved sedentary endoparasites that are considered as 

harmful pests worldwide. Potato cyst nematodes (PCNs: Globodera rostochiensis and 

Globodera pallidas) parasite only on Solanaceae plants such as potato and tomato, and 

soybean cyst nematode (SCN, Heterodera glycines), is a specific parasite for Fabaceae. 

The eggs of cyst nematodes are protected from drought, cold, and insecticides in soil, 

and the eggs can survive without hatching for up to 20 years in the absence of the host 

plants. When the host plants appear nearby, the eggs hatch in response to specific 

compounds called hatching factors (HFs) secreted by host roots. Thus, hatching is a 

crucial event in the life cycle of cyst nematodes, so HFs are key targets for cyst nematode 

control. Solanoeclepin A (SEA) is a highly active HF for PCN, that was isolated from 

the root exudate in 1990s. Recently, SEA was identified in root exudate of several 

Solanaceae plants, such as tomato and potato. However, studies with hydroponically 

grown tomatoes and soil-grown potatoes have shown that SEA alone cannot explain all 

hatch stimulating activity for PCN. In this study, we conducted hatching-assay guided 

purification of HFs from about 70,000 liters of potato hydroponic culture solution. 

Purification was performed using various types of chromatography, and finally HPLC 

fractionation clearly separated the active components into two independent fractions. 

UPLC-MS/MS analysis revealed that one fraction contained SEA. This result strongly 

suggests that the other fraction may contain a novel HF for PCN. 

Key words: Cyst nematode, Hatching factor, Solanoeclepin A 
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Identification of candidate genes controlling capsaiciniod biosynthesis using EMS-

induced mutants (Capsicum annuum L.) 
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The capsaicinoids are the unique and pungent alkaloids of Capsicum. They are 

synthesized through condensing byproducts from the phenylpropanoid and the branched-

chain fatty acid pathways and sequestered in the glandular cells on the epidermal tissues 

of the placenta. Among the structural and regulatory genes in the capsaicinoid 

biosynthetic pathway, functions of only a few genes including Pun1, pAMT, Pun3, and 

CaKR1 have been identified using loss-of-function variants. However, many genes in the 

capsaicinoid biosynthetic pathway are still unknown due to the lack of natural variations. 

In this study, an EMS-induced non-pungent mutant line ‘221-2-1a’ derived from pungent 

Korean landrace ‘Yuwolcho’ was used to reveal novel candidate genes controlling 

capsaicinoid biosynthetic genes. Expression levels of putative capsaicinoid biosynthetic 

genes in placental tissues between ‘Yuwolcho’ and ‘221-2-1a’ indicated branched-chain 

fatty acid pathway regulation could be the main factor for the non-pungency of ‘221-2-

1a’. The segregation ratio of an F2 population derived from the cross between ‘221-2-1a’ 

and pungent Indian landrace ‘Lam32’ fitted to a 13:3. The segregation ratio indicated the 

non-pungency of ’221-2-1a’ may be controlled by two genes. To identify the genetic loci, 

genetic mapping was performed using genome-wide markers and BSA-seq analysis, and 

one locus on chromosome 6 was identified and named Pun4. Using more SNP markers, 

the Pun4 region was delimited to 655.1 kb region and 12 candidate genes were predicted. 

Among the genes, 9 genes expressed in the placenta were selected for TRV-mediated 

gene silencing using pungent pepper ‘MicroPep red’ and two silenced lines showed 

reduced capsaicinoid levels. 

Keywords: Capsaicin, Pungency, EMS-induced mutation, Pun4, BSA-seq 
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The BAHD acyltransferase is a key enzyme in the biosynthesis of ripe tomato 

fruit-associated glycoalkaloids 
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Steroidal glycoalkaloids (SGAs) are specialized metabolites produced by many members 

of the Solanaceae family. They provide pathogen defense but are toxic to humans and 

thus considered anti-nutritional. In tomato, the entire pool of α-tomatine, the primary 

SGA accumulating in early (green) fruit development, has been predicted to be modified 

throughout fruit maturation to esculeosides. This ‘metabolic shift’ includes 

hydroxylation, acylation, and glycosylation of α-tomatine. Here, we discovered that 

GLYCOALKALOID METABOLISM 36 (GAME36), a member of the BAHD (BEAT-

AHCT-HCBTDAT) family of acyltransferases, catalyzes the acylation of hydroxylated 

SGAs in the course of tomato fruit maturation. The recombinant GAME36 protein 

expressed in Escherichia coli could catalyze the production of acetoxytomatine from the 

hydroxytomatine substrate. Loss of function of GAME36 resulted in complete reduction 

in downstream SGAs levels (i.e., acetoxytomatine, acetoxy-hydroxytomatine, and 

esculeoside A) and a large increase in its precursors (i.e., tomatidine, tomatine, and 

hydroxytomatine). Altering GAME36 expression in tomato did not affect normal growth 

and development of transgenic plants as compared to wild-type ones. Reconstitution of 

esculeoside A formation starting from α-tomatine in Nicotiana benthamiana leaves 

supported the role of GAME36 in the acylation of tomato fruit SGAs. 

Key words: Steroidal glycoalkaloids, acylation, ripening, defense 
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Tuning early enzyme influx of alkaloid pathway towards low nicotine and high 

anatabine production in Nicotiana tabacum L., cultivar SRI and BY-2 cells 
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Genetic engineering of plants and plant cells for high production of human-beneficial 

plant secondary metabolites may allow a more efficient assortment of plant natural 

products than current cultivar-based production. Given that metabolite pathways of 

pyridine and tropane alkaloid metabolites are partly shared, we have focused our efforts 

into engineering the enzymatic flux of these pathways towards high production of 

valuable alkaloids, such as anatabine and scopolamine. For these end-products, 

Nicotiana tabacum, cultivar SRI, and Hyoscyamus muticus, cultivar Cairo, have been 

used for metabolite modifications, respectively. In this study, an attempt to knock out 

putrescine N-methyltransferase (PMT) jointly with ornithine decarboxylase (ODC) in 

tobacco cells by using CRISPR/Cas9 has resulted in the production of in vitro plant lines 

with an increase of anatabine content, but a decrease of nicotine and nornicotine levels 

when compared with the wildtype counterpart. On the other hand, after methyl jasmonate 

elicitation of putative PMT and ODC -mutated BY-2 suspension cells, metabolite 

profiles of cell lines have shown altered alkaloid accumulation patterns, including clones 

with a dramatic reduction in nicotine and nornicotinecontents. This work signifies one 

more step into the modification of plant cells for a more efficient production system of 

tropane and pyridine alkaloids for human benefit.  

Key words: PMT, ODC, anatabine, nicotine, CRISPR/Cas9 

Acknowledgment: We would like to thank Dr. Tsubasa Shoji from RIKEN Center for 

Sustainable Resource Science, Japan, for valuable feedback on this study. Likewise, we 

want to express our thanks to the team of laboratory technicians of VTT Technical 

Research Center of Finland, whose help has been of critical importance. The work has 

been funded by the Academy of Finland grant number 330128.  



159 
 

E8/27DOX gene mutation in tomato chromosome 9 affecting taste and flavor 
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Tomato (Solanum lycopersicum) accumulates bitter α-tomatine in green fruits, but 

metabolizes it to esculoside A during the ripening process, resulting in that tomato tasstes 

sweet (not bitter). Akiyama et al. (2021) showed that the E8 gene strongly expressing 

during ripening, whose function had been unknown, encodes 2-oxoglutarate dependent 

dioxygenase and catalyzes hydroxylation at position 27 (27DOX) in the α-tomatine 

metabolic pathway. Tomato having defective E8/27DOX gene accumulates lycoperoside 

C accumulates even in red fruit. The large deletion mutation of E8/27DOX gene we found 

is identical to haplotype V of smoky mutation (Alonge et al. 2020). Because the 

glycosyltransferase (NSGT1) gene responsible for smoky flavor, is located adjacent to 

the E8/27DOX gene. Tomatoes with the deletion mutation are not bitter, but have an 

aftertaste. We are investigating the E8/27DOX gene deletion mutation among cultivars. 

Akiyama et al. (2021) Plant Cell Physiol 62: 775-783. Alonge et al. (2020) Cell 182: 

145–161. 
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The transcription factors MYB21 and MYB24 - role in flower development of 

tomato 
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The mutant defective in jasmonate (JA) perception (jai1-1) is known to exhibit defects 

in female development leading to female sterility, but shows additional severe effects on 

stamen and pollen development. Among the putative JA-dependent regulatory 

components in tomato ovule development, two MYB transcription factors (SlMYB21 

and SlMYB24) were identified. Their orthologues in Arabidopsis are known to have a 

crucial role in JA-regulated stamen development. Both transcription factors exhibit 

transcription activation activity in yeast, are located in the plant nucleus and interact with 

each other and with JAZ proteins and/or other transcription factors. In addition, 

SlMYB21 activates transcriptionally the promoter of SlMYB24. To get insights into their 

function in flower development, mutants were created using the CRISPR/Cas9 approach. 

Slmyb21 mutants are female sterile and their phenotypic and transcriptomic 

characterization confirmed a function of SlMYB21 in tomato flower development. 

Slmyb24 mutants did not show any alterations in flower development nor in seed set. The 

double mutant Slmyb21Slmyb24, however, showed more severe alterations of the flower 

phenotype than Slmyb21 and is characterized by female sterility, early fruit set and failing 

abscission of petals and stamen. Comparative transcriptomics using carpels of Slmyb21, 

Slmyb24 and of the double mutant resulted in identification of genes, which might be 
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regulated by both transcription factors during carpel development. The data demonstrate 

that SlMYB21 and SlMYB24 mediate at least partially the action of JA in controlling 

seed set and the flower to fruit transition. 

Key words: carpel development, jasmonates, MYB transcription factor 

Acknowledgment: The work was supported by the Deutsche Forschungsgemeinschaft 

(DFG) (grants HA2655/12-2 and 17-1). 

 

ORAL PRESENTATIONS 

A wide foodomics approach coupled with metagenomics elucidates the 

environmental signature of Protected Geographical Indication potatoes 

Ifigeneia Mellidou1,2, Anastasia Boutsika1,3, Michail Michailidis3, Theodoros 

Moysiadis1, Athanasios Dalakouras1, Christina Skodra4, Aliki Xanthopoulou1,2, Georgia 

Tanou2,5, Maria Ganopoulou6, Christos Bazakos1,2, Athanassios Molassiotis4, Irini 

Nianiou-Obeidat3, Ioannis Ganopoulos1,2 

1Institute of Plant Breeding and Genetic Resources, ELGO-DIMITRA, Thessaloniki Thermi, 

570001, Greece 
2Joint Laboratory of Horticulture, ELGO-DIMITRA, Thessaloniki-Thermi 57001, 21 Greece 
3Laboratory of Genetics and Plant Breeding, School of Agriculture, Aristotle University, 54124 

Thessaloniki, Greece 
4Laboratory of Pomology, Department of Horticulture, Aristotle University of Thessaloniki, 

57001 Thessaloniki-Thermi, Greece  
5Institute of Soil and Water Resources, ELGO-DIMITRA, Thessaloniki-Thermi, 57001, Greece 
6School of Informatics, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece  

The term “terroir” has been widely employed to link differential geographic phenotypes 

with sensorial-environmental signatures of agricultural food products, which are broadly 

influenced by agricultural practices, soil type and climate. Nowadays, the Geographical 

Indications labeling encapsulated by the concept of terroir has been developed to 

safeguard the origin of plant-derived food, and is generally considered as an indication 

of superior organoleptic properties. As the dynamics of agroecosystems are highly 

intricate, consisting of tangled networks of interactions between plants, microorganisms, 

and the surrounding environment, the recognition of the key molecular components of 

terroir fingerprinting remains a great challenge. On the top of this, the contribution of 

microbiome as a potential driver of the terroir signature has been underestimated until 

recently, except probably for grapes. Herein, we present the first comprehensive view of 
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the multi-omic landscape related to transcriptome, proteome, and epigenome, coupled 

with metagenome analysis, of the popular Protected Geographical Indication potatoes of 

Naxos, that has extraordinary organoleptic properties. By pairing the usual multi-omic 

tools with microbe-based methods, we demonstrated that potato tubers cultivated in this 

unique agroecosystem in the semi-arid regions of the Mediterranean basin recruit more 

beneficial microorganisms, possibly to cope with environmental stresses. Following 

methylome analysis, several differentially methylated genes were identified, mainly 

assigned to the biosynthesis of secondary metabolites, thus representing potential 

diagnostic biomarkers (‘epimarkers’) for authenticating potatoes from different 

geographical origins. Collectively, this work establishes a novel pipeline towards the 

genetic characterization and authentication of the potato crop. 

Key words: causal models, epimarkers, microbiome, potato, protected geographical 

indication label  
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Metabolites steer numerous growth and defence processes. The interactions of 

metabolites with their receptor proteins constitute crucial physiological events. Effective 

mapping of metabolite-protein interactions is challenging, and currently, remains largely 

unexplored. Recently, a novel approach to identify metabolite-binding proteins, namely 

Limited Proteolysis-coupled Mass Spectrometry (LiP-MS), was developed in microbial 

and mammalian cells. LiP-MS is based on differential proteolytic peptide generation 

following double proteinase digestion, enabling to pinpoint metabolite binding sites and 

concomitantly metabolite-protein partners, due to protein structural changes introduced 

by metabolite-protein-binding. We adapted the protocol for use in plants and performed 
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LiP-MS with several compounds including the phytohormone jasmonate (JA), using 

proteomes extracted from Arabidopsis, and tomato hairy roots. We identified various 

proteins with significantly altered proteinase sensitivity upon JA, including cyclophilins 

(previously reported as JA-binding proteins), known JA pathway enzymes, and 

potentially novel JA-homeostasis enzymes. Prediction of protein structure and binding 

sites of leading candidates confirmed that differential peptides identified with LiP-MS 

overlap with predicted binding sites. Currently, we are performing enzymatic, binding, 

and in planta assays of the lead candidates to determine their role in JA homeostasis and 

signalling. Given its amenability to relatively high throughput, LiP-MS may open a 

potent avenue for the discovery of novel metabolite functions and metabolite-driven 

signalling cascades. 

Key words: jasmonates, metabolites, signalling, metabolite-protein interactions,  

proteomics.  
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Heat is one of the major abiotic stresses impacting global yield and food security, and in 

the course of climate change, heat waves will only become more common. Tomato is 

prone to heat stress exposure both in the field and in greenhouses, and improvement of 

heat stress resilience is one of the major aims in research and breeding of new tomato 

cultivars. While several studies have reported heat-associated loci with a list of respective 

gene candidates, our understanding of the complex network of actors involved in heat 

stress response is still relatively limited. To help address this question, we have compiled 

a comprehensive data resource containing all publicly available RNA-seq data sets on 

tomato in heat stress spanning multiple tissues, genotypes, and levels and durations of 

stress exposure. By performing a meta-analysis using data from multiple experiments 

and conditions, we can filter out noise and more accurately determine which genes are 

part of the core stress response, and which are tissue-, genotype- and development-

specific. Surprisingly, we identify only 97 genes which are robustly upregulated in 

vegetative tissues in response to heat stress across several genotypes and experimental 

setups. They include heat shock proteins, ribosomal proteins, and enzymes involved in 
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polyamine and alkaloid metabolism as well as some currently uncharacterized proteins. 

Gene functional ontology analysis shows a strong connection between the core heat 

response, heat acclimation, response to oxidative stress, protein folding, and response to 

high light intensity. We used our results to define an empirical heat response index 

quantifying the robustness of heat response for each gene and highlight its potential for 

functional gene annotation and interpretation of the QTL data. We provide the data 

resource and visualization through a simple, browsable web interface. 

Key words: transcriptomics, tomato, heat stress, meta-analysis 
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TGA transcription factors, which bind their target DNA through a conserved basic region 

leucine zipper (bZIP) domain, are vital regulators of gene expression in salicylic acid 

(SA)-mediated plant immunity. Here, we investigate the role of StTGA2.1, a potato TGA 

lacking the full bZIP, which we name a mini-TGA. Such truncated proteins have been 

widely assigned as loss-of-function mutants. We, however, confirm that StTGA2.1 

overexpression compensates for SA-deficiency. To understand the underlying 

mechanisms, we show that StTGA2.1 can physically interact with StTGA2.2 and 

StTGA2.3, while its interaction with DNA was not detected. We investigate the changes 

in transcriptional regulation due to StTGA2.1 overexpression, identifying direct and 

indirect target genes. Using in planta transactivation assays, we confirm that StTGA2.1 

interacts with StTGA2.3 to activate StPRX07, a member of class III peroxidases, which 

are known to play role in immune response. Finally, via structural modelling and 

molecular dynamics simulations, we hypothesise that the compact molecular architecture 

of StTGA2.1 distorts DNA conformation upon heterodimer binding to enable 

transcriptional activation. This study demonstrates how protein truncation can lead to 

novel functions and that such events should be studied carefully in other protein families.. 

Key words: potato, immune signaling, transciptional regulation, TGA 
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Capsicum is a key vegetable crop known for its health properties. The use of wild 

germplasm in pepper breeding in extremely limited, meanwhile the gene pool is 

extensive compared too other crops. The family faces several issues with crossing ability 

and therfore identification and transfer of traits into elite cultivars. To support 

identification of key candidate genes, we present three new genome assemblies for a non-

pungent Capsicum annuum (California wonder early), pugnent Capsicum chacoense 

(PI260429) and pungent Capsicum galapagoense (AC1501). The assemblies were 2.97, 

3.06 and 3.01 Gb in size, showing 92.8/92.1/93.0% BUSCO scores. Genomes were 

annotated with isoseq data, and resulting proteomes were compared by orthology with 

the other four publically available references in a graph-based panproteome. The 

panproteome identified 197K pangenes, 23K BUSCO genes and 4792 NLR genes. We 

also resequenced 100 accessions of the pepper CGN collection. We identified PAV 

variation within BUSCO/NLR/Capsaicin pathway in pepper, showing that NLRs show 

most variability, with many resistance related-genes and clusters present in each wild 

relative that were not present in C.annuum. Capsaicin metabolic pathway genes showed 

large variation within wild relatives, and several enzymes were present in the spicy 

C.chacoense and C.galapagoense and absent in C.annuum. These results support the 

need of a Capsicum graph pangenome and the use of new bioinformatic tools to support 

pepper breeding. 

Key words: Chromosomal-scale-assembly, genome, panproteome 
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Due to advances in long-read sequencing and assembly techniques, haplotype-resolved 

(phased) genome assemblies are becoming more common, even in the field of plant 

genomics. However, the current tools for comparative genomics are not suited to handle 

such phased assemblies. A solution can be found in (pan)genome graphs, given that they 

are designed to handle genomic variation. In order to analyze both intra- and inter-

genomic variation in phased genome assemblies, we have made our software toolkit 

PanTools “ploidy aware” through several novel functionalities and updates to the 

pangenome graph. Here we present the functionalities of this ploidy-aware version of 

PanTools on four phased tetraploid potato genomes and visualize both intra- and inter-

genomic variation. We demonstrate how shared k-mer nodes are employed to identify 

the homologous chromosome-level sequences. Synteny between haplotypes and 

genomes is inferred based on homology, connecting genes as part of a collinear block. 

Within those blocks, gene retention between chromosomes is calculated, revealing large 

differences between haplotypes. This analysis reveals high diversity in the form of gene 

absence/presence, SNPs, inDELs and large structural variants. This novel version of 

PanTools is more scalable, ploidy-aware, and will be instrumental to analyze genetic 

variation at species, genus, or family level within the Solanaceae. 

Key words: comparative pangenomics, phased assemblies, variant analysis, potato 
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Exotic germplasm represents an important source for expansion of the allelic and hence 

the phenotypic diversity in inbred crop species which have lost much of this diversity 

following artificial selection based on a small number of traits. Here we aim to dissect 

the primary, secondary, and lipid metabolism using two newly developed tomato 

backcross inbred lines (BILs) populations by Zamir’s lab. The two BILs populations are 

of unprecedented size and created from a cross between a newly discovered self-

compatible accessions of the drought-tolerant tomato species Solanum pennellii (5240) 

and two divergent modern cultivated inbred lines (Solanum lycopersicum cv. LEA and 

TOP). The homozygous BILs (BC2S6) include 1500 lines in a determinate processing 

background (cv. LEA) and 500 BILs in an indeterminate (cv. TOP), large-fruited 

greenhouse background. Fruit and leaf materials from over 2000 BILs were harvested 

and subjected to comprehensive metabolite profiling using both GC-MS and LC-MS 

analysis. Quantitative trait loci (QTL) analysis identified thousands of loci responsible 

for the accumulation of primary and secondary metabolites as well as lipids in the fruit 

and leaf tissues. Results indicated that the mapping resolution provided by the 

populations is extremely high, with several novel QTL mapped to a single candidate 

gene. To understand the molecular mechanisms behind some of the identified novel loci, 

putative candidate genes were selected for further biological validation through CRISPR-

Cas9, overexpression, and/or virus-induced gene silencing (VIGS).  

Keywords: tomato, QTL, metabolomics 
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The drastic reduction of the genetic diversity of cultivated tomato (Solanum 

lycopersicum L.) has necessitated the conservation and utilization of all the existing 

genetic resources, including wild relatives and heterogeneous landrace populations. 

Among the objectives of the EU project TRADITOM was to assess the available 

genotypic variability present in the tomato genetic resources. Our previous results 

indicated promising tomato accessions with excellent postharvest properties. As a further 

step, transcriptomic analysis of fruits from a Short Shelf-Life (SSL; TRTH2510) and a 

Long Shelf-Life (LLF; TRTH1620) accessions, was employed to identify candidate 

genes regulating post-harvest potential of tomato fruit. The clean reads demonstrated that 

552 and 639 DEGs were up- or down-regulated, respectively, in SSL compared to LSL. 

Up-regulated transcripts in the LSL fruit were related to ethylene biosynthesis and 

signaling, cell wall modifications, as well as carotenoid and flavonoid metabolism. 

Among them, the induction of the 1-aminocyclopropane-1-carboxylate synthases 

(SlACS2 and SlACS4) and oxidases (SlACO3 and SlACO4) transcript levels was 

correlated with the higher ethylene production in the SSL accession compared. Further, 

ERF2, ERF3, ERF109-like and ERF025-like were down regulated in LSL and ERF017, 

ERF114 and ERF5 and overexpressed in SSL. Our data will help to explain the difference 

between SSL and LSL genotypes and help to understand the molecular mechanism of 

postharvest prolongation of tomato life in room temperature. 
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Cytoplasmic male sterility (CMS) is a phenomenon which plants are unable to produce 

fertile pollen caused by mitochondrial abnormal gene (called CMS gene), and this 

phenomenon is important for efficient production of F1 hybrid seeds. In our previous 

study, we found that pollen from tomato CMS line showed abnormal expansion and 

burst, resulting in male sterility. Furthermore, we identified CMS gene called orf137. But 

the mechanism of how orf137 induces male sterility has not been elucidated. To examine 

the underlying mechanism, the analysis of pollen transcriptome was conducted. 

Comparison between pollen from tomato CMS line and fertile line detected total 554 

genes as differentially expressed genes. Among these genes, we focused on pectin 

methylesterase (PME) genes because PME encode the enzyme which modulate the 

rigidity of cell wall and seemed to be related to the abnormal expansion and burst in 

tomato CMS pollen. Although there were no PME genes which differentially expressed, 

four PME inhibitor genes which inhibit PME activity were detected as up-regulated 

genes in CMS pollen. This result was supported by the in vitro measurement of the PME 

activity. This experiment showed decreased PME activity in CMS pollen, probably 

because of increased expression level of PME inhibitor genes. Importantly, these all four 

genes were specifically expressed in flower suggesting that there is a signaling pathway 

from mitochondria to nucleus in order to regulate specific PME inhibitor genes. We 

concluded that mitochondrial orf137 might induce male sterility through up-regulation 

of four PME inhibitor genes in tomato CMS line. 

Key words: Cytoplasmic male sterility, Tomato, Transcriptome 
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TGA transcription factors belong to the basic region leucine zipper (bZIP) protein family. 

Their mechanism of action has been thoroughly studied in Arabidopsis, where ten TGAs 

(AtTGAs) group into five clades. Clade II AtTGAs are essential regulators of the 

salicylic acid mediated defence response, playing a redundant, yet vital role in 

establishing resistance following pathogen infection. They co-regulate the expression of 

key defence-related genes in salicylic acid synthesis and signalling through interaction 

with NON-EXPRESSOR OF PR (NPR) cofactors, including the major regulator NPR1, 

while also participating in jasmonic acid and ethylene-mediated signalling. In potato, we 

identified a clade II TGA transcription factor (StTGA2.1), which unlike any of the 

AtTGAs, lacks most of the bZIP DNA-binding domain and has a shorter N-terminus. 

The gene is located on chromosome 10, in a region containing three tandemly repeated 

TGAs with high sequence similarity. The region spans approximately 35 kbp in the DM 

potato genome. To confirm the region’s structure is the same in the tetraploid cultivar 

Rywal, we first performed Illumina targeted locus amplification sequencing (TLA-Seq), 

however using this strategy, we could not resolve the region’s structure due to low 

coverage and ambiguous short read mappings. We therefore performed targeted 

enrichment of the genomic region using the Xdrop workflow and Nanopore sequencing. 

We resolved the region’s structure by mapping Nanopore reads to the reference genome, 

followed by polyploid allele phasing. Using this approach, we confirmed that the region’s 

structure is similar to the reference genome and revealed the allelic variability. 

Key words: targeted sequeuncing, TGA transcription factors, Solanum tuberosum, 

polyploid phasing 
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Leptinotarsa decemlineata, more commonly known as the Colorado potato beetle (CPB), 

is an herbivore that primarily feeds on Solanum foliage. These insects have become 

global pests and have developed resistance towards many insecticides. Breeding for 

increased resistance in potato is desirable. The wild species Solanum okadae, a relative 

of potato, contained natural resistance towards CPB and was used for interspecies crosses 

for germplasm enhancement. Foliar metabolites from Solanum okadae were analyzed 

using Liquid Chromatography-Mass Spectrometry (LC-MS) metabolite profiling and 

found to be different from domesticated potato, S. tuberosum cv. Shepody. The steroidal 

glycoalkaloids (SGAs) tomatine and dehydrotomatine were produced in S. okadae 

instead of solanine and chaconine found in S. tuberosum. Cardiac glycosides were 

detected in the foliar metabolite profile of S. okadae using LC-MS and Thin Layer 

Chromatography (TLC). This class of plant compounds have known insecticidal activity 

through inhibition of animal Na+/K+ ATPase but are rarely found in Solanaceae. Plant 

extracts from S. okadae, but not S. tuberosum, inhibited CPB Na+/K+ ATPase. This novel 

finding suggests a new mode of plant resistance against CPB that can be used in breeding. 

The S. okadae genome was sequenced, assembled, and compared to S. tuberosum 

reference genomes. 

Key words: Metabolomics, Pest Resistance, Solanum okadae genome sequence, 

Colorado Potato Beetle 
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Solanum pimpinellifolium (SP), the wild species from which cultivated tomato was 

domesticated, has been successfully used by breeders to improve many valuable traits. 

In this study, we generated a high-quality chromosome-level genome sequence of SP 

TO-937 using PacBio HIFI technology followed by Hi-C scaffolding. The accession TO-

937 is a true-breeding line obtained by repeated selfing from an accession collected in 

origin at Lambayeque, Peru. It shows good-quality fruit traits and the presence of type-

IV glandular trichomes producing acylsugars that confer resistance to a range of pests 

such as spider mites, whiteflies and aphids. TO-937 was utilized as the wild parent for 

development of interspecific RIL and IL mapping populations that served to localize 

QTLs associated to, e.g. fruit-quality related traits such as metabolite contents (including 

volatile aromes), mineral content, cracking resistance, composition and color of cuticle, 

and also to vegetative and reproductive heat-tolerance traits. The PacBio HIFI reads were 

first assembles into contigs using Hifiasm software. Interestingly, the highest contig 

length was greater than 75.8 Mb and correspond to one full chromosome (Chromosome 

7) assembled without any gap. The contig N50 is 15 Mb assembled in only 19 contigs. 

Hi-C scaffolding increased the N50 to 50 Mb assembled into 7 scaffolds only. The 

BUSCO score is 98.3% that correspond to a good completeness of the assembled 

genome. When compared to two released S. pimpinellifolium genome assemblies 

(LA2093 and LA1670), several chromosome rearrangements have been identified. The 

genome annotation is in progress. This resource will be released soon for further studies 

at the fundamental and applied research. 

Key words: Pimpinellifolium, Genome, Assembly, PacBio-HIFI 
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The hormone abscisic acid (ABA) regulates numerous developmental and functional 

processes. An important role of ABA is to increase tolerance to stresses. It is also known 

that abiotic stress combination induces a specific response in plants that cannot be 

deduced from the plant response induced under single stress. But what do we know about 

functional plant regulation that is ABA-independent under abiotic stress or stress 

combination? To deepen this unknown topic, ABA-deficient tomato mutants (flacca) 

were grown under salinity, heat and their combination. An inherent characteristic of 

flacca mutants is that their phenotype is normalized by exogenous ABA application. 

Therefore, half of the plants received an exogenous ABA application and a deep RNA-

seq analysis was performed to know about these genes that were ABA-independent and 

specific to the combination of salinity+heat. Our results showed that flacca mutants 

grown under salinity+heat combination induced a downregulation of all the 

photosynthetic-related processes, phenylpropanoid biosynthetic pathway and nitrogen 

metabolism. flacca supplemented with exogenous ABA showed no different enrichment 

pathways with respect Wt plants grown under control conditions. However, when 

flacca+ABA grown under salinity+heat was compared to Wt grown under this 

combination, some specific pathways were still significantly downregulated, which 

indicated an ABA-independent stress response. A synchronized regulation of genes 

involved in catalytic activity and transcription receptor binding were described as ABA-

independent stress combination reponse.  Our results open the door to new ways of 

finding key molecular markers susceptible to conferring plant tolerance to abiotic stress 

combinations without compromising hormone homeostasis.  

Key words: ABA, ROS, TFs, transporters activity, abitic stress combination 
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Phosphorus (P), the 5th most abundant mineral element, is a vital yet limited nutrient that 

plants need to sustain viability. Central agriculture systems rely upon the exogenous 

application of P fertilizer that too manufactured from imported rock phosphate (RP). 

Given P fertilizers' poor nutrient use efficiency of the plants and the environmental risks 

associated with their overuse, a holistic approach is urgently solicited to develop 

innovative strategies to identify sustainable P use efficiency methods in agriculture. 

Besides the exogenous application as fertilizer, another beneficial way to improve this 

situation is by identifying crop germplasm with efficient phosphorus use efficiency 

(PUE). Further, such genotypes can be a valuable genetic material to understand and 

dissect the genetic framework that modulates the physio-biochemistry within the plant, 

leading to enhanced PUE. Our main aim is to encompass genetic, transcriptomic, and 

proteomic approaches to elucidate the basis behind PUE in P tolerant and P sensitive 

genotypes, identified through in-detail morpho-physiological screening under 

differential P supplement conditions. Through WGS in such genotypes, several high-

impact SNPs and INDELs were identified, which could be potential targets of interest. 

One such P starvation inducible gene with high impact SNP was identified to encode a 

Cytochrome P450 protein. While P450 members are well familiar as detoxifiers of 

xenobiotics throughout the animal and plant kingdom, their role in mitigating P 

starvation remains largely unexplored. Here we present a brief characterization of the 

Cytochrome P450 gene for its potential role in determining PUE in tomato seedlings.  
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Keywords: Phosphorus use efficiency (PUE), Morpho-physiological, Cytochrome 

P450, Innovative strategies. 

Chromosome-level genomes of the Nicotiana tabacum progenitors, Nicotiana 

sylvestris and Nicotiana tomentosiformis 

Nicolas Sierro, Sonia Ouadi, Mehdi Auberson, Remi Dulize, Emmanuel Guedj, Nikolai 

V. Ivanov 

PMI R&D, Philip Morris Products S.A., Quai Jeanrenaud 5, CH-2000 Neuchâtel, Switzerland 

As descendent of the Nicotiana tabacum progenitors, Nicotiana sylvestris and Nicotiana 

tomentosiformis are important diploid Nicotiana species. In addition, ancestors of N. 

sylvestris were involved in the polyploidization events that gave rise to the Suaveolentes 

and Repandae clades, reinforcing its importance within the Nicotiana species. The 

genomes of these two Nicotiana species were published almost 10 years ago based on 

second-generation short-read sequencing, which resulted in fragmented scaffold-level 

assemblies. However, the fragmented nature of these assemblies and the lack of 

chromosome-anchoring reduces their usability for synteny-based cross-species research. 

Here we present de novo chromosome-level genomes for N. sylvestris and N. 

tomentosiformis built using primarily third-generation long-read sequencing, thereby 

bringing them to the completion level of other reference diploid Solanaceae genomes. 

Key words: Nicotiana, genome, synteny 
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Exploring the pangenome of the wild tomato species Solanum pennellii 
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Demand for more resilient plants with a higher yield is increasing due to a growing global 

population in combination with more extreme climatic conditions. Hundreds of years of 
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domestication have led to an extensive loss of genetic and chemical diversity in modern 

crops, limiting their improvement potential. Considering the potential of introgression of 

wild alleles for yield improvements, they can be utilized to elevate abiotic stress 

resistance in cultivated genotypes. A range of candidate genes and transposable elements 

(Tes) have been shown to be associated with stress tolerance in the wild tomato species 

Solanum pennellii. To give insights into the genomic architecture of S. pennellii, a pan-

genome compromising all genetic elements from S. pennellii species will be constructed. 

In combination with epi-pangenomics data, it will provide a comprehensive view of 

genes and TEs with function in stress response and their epigenetic signatures. To this 

end, material from 47 S. pennellii accessions, representing the full holdings of the 

Tomato Genetics Resource Center for S. pennellii (https://tgrc.ucdavis.edu/) centre, are 

being subjected to ONT Nanopore genome sequencing and ONT datasets are currently 

being processed to generate assemblies. Materials from the S. pennellii lines grown under 

drought and salt stress will be used to call differential methylation and metabolic 

differences. With these results, we aim to provide a comprehensive understanding of 

what underlies the improved stress tolerance of this wild tomato species. 

Key words:  Solanum pennellii, pangenomics, Nanopore sequencing 
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A multiorgan model of potato primary and secondary metabolism captures the 

principles of plant growth and defence 
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Solanum tuberosum is the third most important food crop and a model tuber crop species. 

It is therefore of interest to establish this crop also as a model system for studying plant 

growth and defence tradeoffs. Plants enter a defensive state in response to environmental 

stresses or pathogens, rerouting many resources from their primary growth objective and 

thus performing well below their maximum potential. Understanding such tradeoffs can 

help us develop improved crop varieties with increased stress tolerance, improving yields 
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and quality. To investigate defence-growth trade-offs in the context of metabolism, we 

developed a compartmentalised genome-scale metabolic model (GEM) of potato 

metabolism. GEMs are mathematical representations of metabolism and contain 

information on the stoichiometry of all known biochemical reactions, connecting them 

to the genes encoding the enzymes that catalyse the considered reactions. Using in-house 

and published experimental data, we quantified potato biomass components across 

several key tissues, including leaf, root and tuber, and constructed a multiorgan model of 

the whole potato plant. We then employed the model to explore tissue- and condition- 

specific functionalities using our library of transcriptomics data across the specific potato 

tissue types. This demonstrated that the curated model could be used to investigate: (i) 

distributions of key nutrients and target growth rates, (ii) responses of primary and 

secondary metabolism under stress conditions, and (iii) presence of multi-reaction trade-

offs and their dependence on the tissue context and environments, providing the basis for 

a metabolic perspective of the defence-growth trade-offs typical across many plant 

species. 

Key words: solanum tuberosum, metabolic model, constraint-based modeling, plant 

stress, growth-defence tradeoffs 
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Fortifying vitamins in tomato using genome editing 

Jie Li1, Ronan Broad1, Vera Thole1, Aurelia Scarano1, Antonietta Aliberti1, Ray Glahn2, 

Eugenio Butelli1 and Cathie Martin1 
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2Robert Holley Center for Agriculture and Health, Ithaca, NY, USA 

In 1996 the World Food Summit stated that ‘food security exists when all people, at all 

times, have physical and economic access to sufficient, safe and nutritious food to meet 

their dietary needs and food preferences for an active and healthy life’. Currently, just 

17 plant species are consumed as 90% of the global human diet, meaning that many lack 

adequate vitamins, micro-nutrients and health-promoting phytonutrients. Vitamin D is 
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synthesised by humans from dehydrocholesterol, following exposure to sunlight, but the 

major source is dietary. Pro-vitamin D3 (7-dehydrocholesterol; 7-DHC) is synthesised by 

some plants, on route to cholesterol synthesis. By editing the gene encoding the steroidal 

glycoalkaloid-specific isoform of the enzyme synthesising cholesterol from 7-DHC, we 

have been able to increase the levels of 7-DHC in tomato fruit such that they approach 

the values for the RDA for vitamin D. Vitamin C (ascorbate) plays a vital role in stress 

tolerance and amelioration of oxidative stress in both plants and animals. Ascorbate is 

also important in iron uptake by plants and mammals. Multiple ascorbate biosynthetic 

pathways have been proposed in plants but there is now consensus that GDP-L-galactose 

phosphorylase (GGP) is the first committed and rate-limiting enzyme of the L-galactose 

pathway and GGP activity is controlled by negative feedback regulation of its translation. 

Genome edits that remove or reduce this negative regulation result in increased levels of 

ascorbate. Genome editing can make a major contribution to fortifying foods popular 

with consumers so that all can enjoy a healthier diet. 

Key words: Tomato, Vitamin D3, Provitamin D3, Vitamin C, Iron Bioavailability.  
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Identification of SmAPRR2 as a key gene controlling green pigmentation of the 

eggplant fruit peel 

Andrea Arrones1, Giulio Mangino1, David Alonso1, Mariola Plazas1, Jaime Prohens1, 

Ezio Portis2, Lorenzo Barchi2, Giovanni Giuliano3, Santiago Vilanova1, Pietro 

Gramazio4 
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3ENEA, Casaccia Research Centre, 00123 Rome, Italy 
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Presence of chlorophylls in the peel of the eggplant (Solanum melongena) fruit results in 

green or, when combined with anthocyanins, deep purple or black coloured fruits. We 

screened a multi-parent advanced generation inter-cross (MAGIC) population consisting 

of 420 S3 lines, and 277 accessions of the G2P-SOL germplasm core collection for green 

pigmentation in the fruit peel. A genome-wide association study (GWAS) performed 

with the MAGIC population resulted in a strong with a gene similar to APRR2 in 

chromosome 8. In the MAGIC population, two high impact variants in SmAPRR2 were 

associated with the absence of fruit chlorophyll pigmentation. In addition, a large 

deletion of 5.27 kb was found in two reference genomes of accessions without 

chlorophyll in the fruit peel. A validation of the candidate gene SmAPRR2 was performed 

by sequencing it in a subset of MAGIC individuals, as well as through the de novo 

assembly in the G2P-SOL eggplant core collection accessions. The results obtained 

agreed with SmAPRR2 being the gene underlying chlorophyll pigmentation in eggplant. 

Two additional mutations in SmAPRR2 associated with the lack of chlorophyll were 

identified in the core collection set. A phylogenetic analysis of APRR2 reveals orthology 

within Solanaceae and suggests that specialization of APRR2-like genes occurred 

independently in Cucurbitaceae and Solanaceae families. A strong geographical 

differentiation was observed in the frequency of predominant mutations in SmAPRR2, 

suggesting that this phenotype may have arisen and been selected independently several 

times.  

Key words: Solanum melongena, chlorophyll, MAGIC, core collection, GWAS.  
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The tomato ddm1b mutant shows decreased sensitivity to heat stress accompanied 

by transcriptional alterations 

Prashant Kumar Singh1,2, Golan Miller1, Adi Faigenboim1 and Michal Lieberman-

Lazarovich1 
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Heat stress is a major environmental factor limiting crop productivity, thus presenting a 

food security challenge. Various approaches are taken in an effort to develop crop species 

with enhanced tolerance to heat stress conditions. Since epigenetic mechanisms were 

shown to play a regulatory role in mediating plants’ responses to their environment, we 

investigated the role of DNA methylation in response to heat stress in tomato (Solanum 

lycopersicum), an important vegetable crop. To meet this aim, we tested a DNA 

methylation-deficient tomato mutant, Slddm1b. In this short communication paper, we 

report phenotypic and transcriptomic preliminary findings, implying that the tomato 

ddm1b mutant is significantly less sensitive to heat stress compared with the background 

tomato line, M82. Under conditions of heat stress, this mutant line presented higher fruit 

set and seed set rates, as well as a higher survival rate at the seedling stage. On the 

transcriptional level, we observed differences in the expression of heat stress-related 

genes, suggesting an altered response of the ddm1b mutant to this stress. Following these 

preliminary results, further research would shed light on the specific genes that may 

contribute to the observed thermotolerance of ddm1b and their possibly altered DNA 

methylation status. 

Keywords: thermotolerance; high temperature; DNA methylation; crop productivity 
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Crosstalk between NO and melatonin in ROS-mediated response to abiotic stress 

combination in tomato plants 

Sara E Martínez-Lorente1, Miriam Pardo-Hernández1, Jose M Martí-Guillén1, Luciano 

Freschi2, Rosa M Rivero1* 
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Climate change is disturbing all the environmental regions patterns which induce crops 

yield penalties and economic losses. Knowledge in plant stress signalling mechanisms 

have become an essential tool to dissect and increase plant stress tolerance. Interplay 

between ROS and NO have been shown to regulate the cellular stress signalling 

mechanisms under any abiotic stress condition. Recently, melatonin (MEL) has been 

shown to be a master regulator of the plant cell redox processes and several ways of 

interaction of MEL with ROS and NO has been described within the stress signalling. In 

this study, CRISPR-gsnor mutants (being GSNOR the main enzyme regulating NO 

reservoirs) and GSNOR over-expressor (OE) Micro-Tom lines were subjected to single 

or combined abiotic stresses (heat and salinity). Half of the plants were supplemented 

during our stress experiments with exogenous MEL with the aim of deepen the 

knowledge of NO and MEL interaction with ROS metabolism. Our studies showed that 

CRISPR-gsnor mutants had a severe growth inhibition under abiotic stress, which also 

was related with the inhibition at several ROS-related genes. MEL exogenous application 

positively modulated GSNOR transcription and activity, and PSII efficiency under 

salinity+heat combination. Interestingly, the expression of the SlFeSOD, SlCAT3, 

SlcAPX and SlDHAR found in our CRISPR-gsnor mutants grown under salinity+heat and 

MEL was similar to these found in Wt plants grown under control conditions, 

highlighting the crosstalk between ROS, NO and MEL in the abiotic stress combination 

responses, and evidencing future points of investigations on a climate change scenario.   

Key words: GSNOR mutants, NO, melatonin, ROS-related gene expression, abiotic 

stress combination 
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Transgene-free gene editing in Solanum lycopersicum using Potato virus X Vector 
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Gene-editing using CRISPR-Cas is a powerful tool for plant science and crop 

improvement. Conventional transgene-mediated CRISPR-Cas methods were limited at 

the time of commercialization: generational progress is required to separate foreign DNA 

and regulatory restriction remains on transgenesis. Therefore, DNA-free delivery 

methods have been developed by transfecting CRISPR-Cas9 ribonucleoproteins into 

protoplasts. However, these wall-less cells were difficult to regenerate for most crop 

species.  Here, we describe a method for transgene-free gene editing technology in 

Solanum lycopersicum cv. Micro-Tom through the expression of Cas9 and single-guide 

(sg) RNA using Potato virus X (PVX) vector. We designed and cloned sgRNAs targeting 

phytoene unsaturated enzyme into PVX vectors to induce white-shoot phenotypes when 

mutated. Gene editing efficiency was confirmed in inoculated cotyledon through the 

targeted next-generation sequencing method. The gene editing efficiency of 31.1 percent 

was confirmed through NGS analysis of inoculated cotyledon. In order to increase the 

gene editing efficiency, 37°C heat was treated for 24 h on the 7th (H7) and 9th (H9) days 

after inoculation, and the editing efficiency increased by 20%. After tissue culture of 

PVX inoculated leaves, we obtained regenerated shoots. Among 182 shoots, 13 shoots 

showed mutations in PDS. The editing efficiencies were 3.7% in normal conditions, but 

6.38% and 8.33% in H7 and H9 conditions, respectively. This simple and highly efficient 

virus-mediated delivery of CRISPR-Cas9 developed in this study will contribute to 

genetic function research and developed breeding materials in S. lycopersicum.  
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Biorenewable production of the vaccine adjuvant squalene 
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Squalene is a C30 linear triterpene synthesised in plants, animals, bacteria and fungi from 

six C5 isopentenyl pyrophosphate building blocks. This ispoprenoid is a precursor for 

(phyto)sterol, hormone and vitamin biosynthesis. It is also used industrially across 

multiple sectors, as an agent for weight and cholesterol control, as an antioxidant and as 

a component of skin care products and cosmetics, whilst its medical uses include skin 

and anticancer treatments. Its predominant use however is as a leading global adjuvant 

in vaccines for diseases such as malaria, hepatitis B and C, herpes, cytomegalovirus, HIV 

and H1N1. The recent COVID-19 pandemic has seen the global demand for adjuvants 

such as squalene increase dramatically, with the squalene market expected to grow by 

over 10% annually to USD 382.7 million by 2026. The primary source of squalene is 

shark’s liver. Alternatives include petrochemical derived synthesis using rare metal 

catalysts or low yield plant sources such as olive oil distillates. A synthetic biology 

approach has been utilsed to orthogonally engineer squalene biosynthesis in an intragenic 

manner in the plastids of Nicotiana tabacum, where it accumulates to industrially 

relevant levels in plastoglobules and can be readily extracted to a high level of purity 

using „green“ technologies. 

Key words: biorenewable, squalene, adjuvant, isoprenoid 
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Hijacking long-distance root-to-shoot signals to engineer new plant 

communication 

Brandon Williams1, Yinan Wu2, Sijin Li2, and Margaret Frank1 

Plant Biology1 and Chemical Engineering2 Departments, Cornell University 

Plants are wired with internal long-distance communication systems that enable roots 

and shoots to coordinate growth under fluctuating environments. The C-terminally 

encoded peptide (CEP) signaling relay is one such system. Under limited N conditions, 

plants produce CEP peptides in their roots that travel up into the shoot where they bind 

to two CEP receptors (CEPRs). These receptors turn on the production of shoot-derived 

polypeptides, CEP Downstream 1/2 (CEPD1/2) that descend back down into the roots 

where they function to increase N uptake 

My aim is to create biotic drought-sensor plants that produce a fluorescent signal in 

response to water replete environments. I plan to engineer a novel synthetic system in 

tomato that is constructed around the core components involved in CEP nitrogen 

signaling. Tomato offers several advantages; it can be genetically engineered, it can be 

grafted to demonstrate signal mobility, and it is grown in real field conditions. 

Keywords: Solanum lycopersicum; C-terminal encoded peptide (CEP); long distance 

signaling; drought indicators 
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Nicotiana benthamiana is a promising cell factory system for the production of 

biopharmaceuticals and small molecules (Molina-Hidalgo et al (2021). Trends 
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Biotechnol. 39: 901-913). We have taken a genome editing approach, combined with 

agroinfiltration and virus-mediated overexpression, for the production of the carotenoid, 

zeaxanthin, and its cleavage products, crocins, high value apocarotenoids found in 

saffron stigmas. Triple lcy1lcy2zep2 and quadruple lcy1lcy2zep1zep2 KO plants were 

obtained by CRISPR/Cas9 mutagenesis, containing up to 130 g/g DW of zeaxanthin as 

the only xanthophyll. In spite of their partial ABA deficiency and alteration in several 

photosynthetic parameters, such as a reduction of Fmax, the mutants were viable and 

could be used for the transient overexpression - using both agroinfiltration with 

Agrobacterium and Tobacco Etch Virus (TEV) agroinfection - of the saffron CsCCD2 

dioxygenase, which catalyzes the first dedicated step in crocin biosynthesis. The 

maximum crocin yield (400 g/g DW) was obtained in quadruple mutants agroinfected 

with TEV:CcCCD2. Like in saffron stigmas, crocins were localized in vacuoles, 

indicating that N. benthamiana possesses an efficient intracellular transport system for 

these non-native carotenoids.  

Key words: Nicotiana benthamiana, cell factory, new plant breeding techniques, 

carotenoids, crocins. 

Acknowledgment: Work supported by the EU H2020 framework program, project 

Newcotiana (contract n. 760331). 

Comparative transcriptome analysis in tomato fruit reveals genes, pathways and 

processes affected by LEC1-LIKE 4 targeted disruption 
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The ripening process involves many changes in the composition of fruits and in the 

expression of genes associated with specific molecular pathways and cellular processes 

that regulate cell division and expansion, texture and aroma modification.With the goal 

of identifying genes that are direct or indirect targets of the master transcription factor 

(TF) LEAFY-COTYLEDON1-LIKE4 (L1L4), we assayed, genome-wide, for genes that 

respond to the coding region disruption of the TF. The transcriptomes of two l1l4 mutant 

lines with contrasting metabolic phenotypes (high fructose, low oxalic acid and variable 

ascorbic acid levels) generated through genome editing, revealed common and unique 

gene expression compared to the wild-type. The comparative transcriptome analysis of 

9 cDNA libraries from tomato fruits identified over 5000 differentially expressed genes 
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(DEGs) using edgeR and DESeq2. Gene Ontology (GO) and Kyoto Encyclopedia of 

Genes and Genomes (KEGG) pathway analyses of DEGs revealed significant enrichment 

in plant-pathogen interaction, photosynthesis, phenylpropanoid biosynthesis, plant 

hormone signal transduction, MAPK signaling, biosynthesis of amino acids, carotenoid 

biosynthesis, glycolysis/gluconeogenesis, oxidative phosphorylation, glycerolipid 

metabolism, glutathione metabolism, ribosome synthesis and the proteasome complex. 

The data also revealed transcription factor encoding genes, suggesting that they may act 

in cascade fashion to regulate downstream genes in the L1L4-regulated fruit 

transcriptional network. Overall, the use of genome editing approach to target the L1L4 

TF provided in depth knowledge on the number and identity of DEGs associated with 

the genotypes (single gene variants) and in conjuction with the metabolic profiles may 

direct future research on tomato breeding. 

Key words: Genome editing, fruit ripening, RNA sequencing, tomato, transcription 

factor 
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Physiology and Handling 

INVITED TALKS 

Postharvest potato tuber as a model system for bud dormancy and vegetative 

growth 

Dani Eshel 

Department of Postharvest Science, The Volcani Institute, ARO, Rishon LeZion, Israel. 

Perennial plants have developed cycles of growth and dormancy in temperate regions to 

overcome severe cold temperature conditions and frost. Dormancy is a temporary 

suspension of growth controlled by endogenous (endodormancy; ED) or environmental 

(ecodormancy, EC) factors. Still, it is not clear whether bud ED primarily depends on the 

genotype or environmental conditions, as its release usually requires chilling induction. 
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Since ED cannot be studied in classical plant models, the potato tuber offers an attractive 

system to study bud ED, as its burst and growth are not limited by a seasonal cycle and 

can be studied in various temperatures and light conditions. The interaction between 

sugars and hormones in regulating dormancy duration is not clear.  In potato tuber, starch 

metabolism involves osmoprotection response, preventing chilling injury and later 

supporting bud growth. Non-transgenic genome editing of specific sugar metabolism-

associated genes modified ED duration and induced tolerance of the growing plant to 

various abiotic stresses, such as cold and drought. During ED, soluble sugars availability, 

required for bud burst, is limited due to reduced functionality of bud's symplastic 

connection inhibited by ABA. Unlike ED, feeding detached stems with sugars induce 

lateral bud burst (ecodormancy release) in a few days. Genomic modification of genes in 

the ABA pathway confirms its role and interaction with the sugar metabolism pathway, 

suggesting the unique role of ABA in ED maintenance. Our results showed that the 

agonistic interaction of sucrose with cytokine or antagonistic interaction with ABA 

determines EC or ED duration, respectively. 

Keywords: bud meristem, dormancy, sugar signaling, osmoprotectant. 

Potential and stability of tomato crop improvement by transgenic research: field 

evaluation of isogenic line homozygous for the introduced transgenes 
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Ingression of transgenes in crop plants has facilitated in determining functions of a large 

number of metabolic genes and transcription factors. These efforts have shown that 

transgenic research holds the potential to improve crop productivity and desirable traits 

such as tolerance to biotic and abiotic stresses and herbicides, increase metabolites for 

human health, enhance shelf life of many elite crop varieties. Similar results have been 

obtained by gene editing technology. However, questions remain about the unintended 

effects of transgenes on crop genomic stability and how transgenes affect phenotype, 

growth and yield potential, desirable quality traits, transcriptional regulation and 

metabolic homeostasis in crop plants. To delineate the effects of transgenes in plants, my 

laboratory has developed many nearly isogenic lines of an elite tomato processing 

cultivar that differ only in the transgenes. We have further developed homozygous lines 

for the introduced transgenes. In this investigation, nine isogenic transgenic lines 
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homozygous for different transgenes were field evaluated. The traits quantified included 

phenotypic variations, vegetative and fruit yield and fruit quality attributes. Multivariant 

analyses revealed that isogenic transgenic lines exhibit variations in traits such as 

phenotype, vegetative and fruit yield, fruit shelf life, senescence, total and soluble fruit 

solids, and phytonutrient accumulation in fruits. Many transcriptional changes were 

evident in transgenic fruits compared to prenatal genotype and when compared across 

different transgenic lines. The observed effects of each transgene remained stable in the 

subsequent generations of transgenic lines tested, indicating the potential of transgenic 

research in gene editing, and in crop improvement.  

Key words: genomic-stability, transgene,  isogenic-homozygous,  transcriptome, fruit-

quality 
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The traditional tomato varieties known as “de Penjar”, “Da Serbo”, “de Ramallet” and 

“Invernale” have been cultivated locally in Eastern Iberian Peninsula, Balearic Islands 

and Southern Italy with no watering in the hot and non-rainy summer conditions of those 

regions. Fruit of those varieties have a longer shelf life (LSL) and mantatin -quality 

characteristics without refrigeration for up to 5-12 months after ripening. Thirty hundred 

sixty-seven accessions collected in these regions in the frame of TRADITOM project 

were genotyped by Genotyping-By-Sequencing. Analysis of genetic fixation index (FST) 
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among pairwise sub-populations reveal genetic signatures differentiating each LSL type. 

A core collection was developed to capture as much of the genotypic, phenotypic 

diversity and geographic distribution of the collection. This collection was used to study 

the effect of water stress on ripening and postharvest in different locations. To get some 

insights underlying molecular mechanisms we 1) phenotyped the core collection during 

ripening and postharvest up 6 months post-harvest, 2) analyzed  the expression levels of 

key genes involved in the different aspects of ripening and post-harvest and 3) measure 

metabolites related with flavor and aroma highlights. Our results reveal the existence of 

substantial cultivar-to-cultivar variation in the ripening and postharvest evolution of the 

considered traits according to maturity stage at harvest and in response to water stres 

Key words: Traditional tomato, ripening, long shelf life, post-harvest, stress 
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Skin cracking in pepper fruit is concomitant with the builup of lignin and affects 

pre- and post-harvest fruit quality 
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The lipophilic cuticle that coats the surfaces of fleshy fruit plays critical roles during fruit 

development and maturation, and thus, greatly affect pre- and post-harvest fruit quality. 

Fruit skin failure results in cracking of the fruit surface and often accompanied by the 

formation of a wound-periderm tissue made of suberized and lignified cells. Herein, we 

investigated the phenomenon of skin cracking in two varieties of chili pepper (Capsicum 

annum L.): Numex Garnet characterized with a smooth intact cuticle, and Vezena Slatka 

that produces fruit with cracked skin. Several microscopical approaches combined with 

gas chromatography-mass spectrometry revealed that the fruit skin cracking in Vezena 

Slatka fruit is concomitant with the buildup of lignin polymer, but not of suberin. 

Moreover, the cuticle of these fruit amasses higher loads of aromatic components and 

C18 fatty acid derivatives. We further demonstrate that the skin of Vezena Slatka fruit 
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has lower epidermal cell density due to the existence of cells with larger volumes, which 

apparently weaken these cells resulting in higher susceptibility to rapturing forces. 

Finally, comparative post-harvest experiments with different storage temperatures 

showed that under 20˚C, Vezena Slatka fruit exhibited higher rates of weight loss, CO2 

emission and ion leakage as compared to Numex Garnet, inferring negative outcomes of 

skin cracking during post-harvest storage.   

Key words: Pepper; Cuticle; Lignin; Post-harvest 
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Selected Streptomyces bacteria helps tomato plants to cope with nitrogen stress 
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Among Streptomyces genera, S. violaceoruber has been recently identified as plant 

growth-promoting bacteria (PGPB) for its ability to produce bioactive compounds such 

as siderophores, IAA related compounds and antibiotics and to enhance tomato plant 

growth. Beside these effects, PGPBs are a valid alternative for supporting plants to cope 

with biotic and abiotic stresses. In this work, the ability of S. violaceoruber to promote 

tomato plant growth under low nitrogen condition (0.5 mM NO3
-, LN) was investigated 

in hydroponic system. At growth stages of fourth true leaf, tomato plants  were exposed 

to LN together with 5, 10, 20 or 40 ml of bacteria inoculation at the concentration of ≈3% 

(v/v) packed mycelium volume for one (T1) and two (T2) weeks. Root-bacteria 

interaction was confirmed by the red pigment along inoculated tomato root likely to be 

due to the production of mycelial bioactive compound undecylprodigiosin by S. 

violaceoruber. The results revealed that ten mL bacterial inoculation was the best amount 

able to increase fresh weight, diameter, volume and surface area, lateral numbers of 

tomato root and soil-plant analysis development (SPAD) value more than the others, 

already at T1. In particular, at T2, the morphophysiological parameters related to root 

and shoot biomass and photosynthesis were increased in the inoculated LN plants 

compared to uninoculated ones (high N condition), thus, revealing LN stress mitigation. 

This insight is noteworthy since it suggests the use of S. violaceoruber inoculation as a 

promising strategy for reducing N fertilizers and improving plant growth in N-deficient 

soil conditions. 
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SASSA-SAI: sustainable agriculture for sub-Saharan Africa - Solanum 

aethiopicum improvement 
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Malnutrition affects one in three people on the planet, with 2 billion people being 

deficient in one or more micronutrients. The sustainable production and consumption of 

biodiverse nutritious horticultural crops provide a key part of the solution to this problem. 

African eggplant (Solanum aethiopicum) is an African vegetable crop that offers many 

benefits. It is widely consumed across West and East Africa as a fruit and leafy vegetable. 

The availability of water and the health of the soil, as defined by the presence or absence 

of diseases, will greatly affect productivity and nutritive content. We adopted two 

approaches to study and maximise African eggplant production: 1) we analysed new 

plant and crop management strategies to improve production; 2) we characterised the 

genetic diversity towards identifying better performing African eggplant entries. 

Sequence analysis of soil causing wilt has revealed candidate wilt causal pathogens of 

Ralstonia solanacearum in Uganda and Macrophomina phaseolina sp and Phomopsis sp 

in Tanzania. Experiments using transplanting and soil amendments including 

Trichoderma sp and Arbuscular Mycorrhizal Fungi (AMF) to mitigate such pathogens 

has been performed and results shared with African growers for further evaluation under 

field conditions. Farmer participatory germplasm selection for better performing entries 

has identified lines that are candidates for further evaluation towards commercial release 

as improved variety. Water deficit experiments have indicated differences in the 

threshold soil moisture content values that trigger physiological response in different 

entries. Sequence analysis of entries is revealing the diversity available in the African 

eggplant germplasm for future use.  

Key words: Solanum aethiopicum, wilt, germplasm, farmer selection, soil 

ammendments. 
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Eggsplorer: A workflow to rapidly evaluate insect resistance based on oviposition 

Micha Gracianna Devi1, Dan Jeric Arcega Rustia2 & Gina Pavlopoulou1 
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Up to date, conventional method is still used to quantify insect eggs for evaluating plant 

resistance. Commonly, this method includes the use of a binocular and manually 

adjusting the focus over a leaf segment, followed by counting with a ticker whenever an 

egg is spotted. This procedure is laborious and requires a good eye skill to distinguish 

the eggs. In susceptible tomato and potato plants, whiteflies can lay more than a hundred 

eggs inside a clip cage (⌀ 2 cm). These eggs are sometimes packed in an area and ranges 

from translucent green to brown depending on the age. Moreover, whitefly eggs that are 

covered in whitefly honey dew and hidden among trichomes are difficult to detect. 

Furthermore, there is a limitation to electronically document samples using images from 

a binocular. Eggsplorer is a workflow especially developed to rapidly evaluate whitefly 

oviposition. This include the use of a digital microscope that can quickly capture high 

resolution Z-stacked collages of the whole leaf surface, then importing the images to the 

Eggsplorer program for egg quantification. A deep learning model, based on YOLOv5, 

was trained to detect the eggs automatically in the images and deployed using an 

executable graphical user interface. As evaluated using a testing image dataset, the 

algorithm has an average accuracy of 0.93 with an error of ± 7 eggs per image and 

average r2 of 0.95, relative to the manual count. 

Key words: insect oviposition, phenotyping, whitefly assay, microscopy, deep learning 

A multi-omics approach highlighted the molecular mechanisms induced by 

Kocuria rhizophila in promoting tomato plant growth 
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Plant growth promoting bacteria (PGPB) has been found to increase crop yield and 

quality and to confer abiotic and biotic stress tolerance. However, until now the PGPB 

mechanism to enhance plant performances is not defined. Recently, we demonstrated 

that Kocuria rhizophila inoculation increases tomato (Solanum lycopersicum) growth 

and development. Here, molecular mechanisms induced by K. rhizophila, through a 

combined omics approach, have been elucidated. To this aim, PGPB treatment was 

applied on tomato seeds and twice on seedlings, grown in greenhouse at 14 Days After 

Sowing (DAS) (T1) and 42 DAS (T2), by fertirrigation. The results confirmed the ability 

of K. rhizophila to significantly increase shoot fresh and dry weight at each time 

sampling. Principal Component Analysis (PCA) of leaf transcriptomic profiles showed 

a clear distinction between treated and untreated plants.  

K. rhizophila-inoculated plants vs. control" comparison, at both T1 and T2, revealed on 

average 750 and 650 up- and down-regulated DEGs, respectively. Metabolomic and 

proteomic analyses were able to identify 62 and 60 metabolites as well as 239 and 203 

proteins differentially accumulated at T1 and T2, respectively. The alanine, aspartate and 

glutamate metabolism and the isoquinoline alkaloid biosynthesis pathways were the most 

impacted by treatment. Furthermore, KEGG Orthology (KO) identified differential 

accumulated proteins belonging to photosynthesis, biosynthesis of secondary 

metabolites, and carbon metabolism. Finally, relevant modules including DEGs 

correlated to differentially accumulated metabolites and proteins as well as the hub genes 

involved in several biological processes were identified by a co-weighted gene 

expression networks analysis (WGCNA). 
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Revisiting the transcriptomic changes induced by cold stress and chilling injury 

development in tomato fruit 

Oscar W. Mitalo1, Seung W. Kang1,2, Yasutaka Kubo3, Hiroshi Ezura1,2 
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Long-term cold storage is widely used to extend the postharvest life of horticultural 

crops, including tomatoes. However, this practice results in cold stress and leads to the 

development of disastrous chilling injury symptoms. Cold stress responses and chilling 

injury development during the vegetative stage have been well elaborated, but the 

underlying mechanisms in fruit remain clouded by ripening responses. Currently, we are 

focusing our research efforts to decouple cold stress responses in tomatoes from those 

related with fruit ripening. As fruit ripening in tomato is primarily regulated by ethylene, 

we used the potent ethylene signalling inhibitor, 1-methylcyclopropene (1-MCP) to 

block fruit ripening hence enabling us to single out transcriptional changes likely induced 

by cold stress alone. RNA-Seq analysis was performed on ‘Micro-Tom’ fruit at the 

mature green stage after 14 d at 5ºC or 20ºC with or without 1-MCP treatment. This 

revealed 10042 genes that were differentially expressed at 5ºC and 20ºC relative to at-

harvest. Subsequent WGCNA analysis grouped the differentially expressed genes into 9 

clusters. Interestingly, genes in cluster 9 were either upregulated or downregulated at 5ºC 

with or without 1-MCP treatment while no expression changes were observed at 20ºC. 

Further, cluster 9 genes recovered to initial expression levels after 7 d at 20ºC post-cold 

storage. KEGG and GO pathway analysis further revealed that cluster 9 genes are 

associated with gene expression, ribosome biogenesis and non-coding RNA metabolic 

process. Further research is in progress to identify the functions in cold stress response 

of key genes in cluster 9. 

Key words: cold stress, chilling injury, ‘Micro-Tom’, RNA-Seq, ripening 
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Exogenous ethylene does not accelerate fruit ripening of heat tolerant tomato CV. 

savior 
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Exogenous ethylene is widely used to fasten the ripening of many climacteric fruits. In 

the current study, the effect of exogenous ethylene on heat tolerant tomato was 

investigated. The mature green tomato cv. Savior grown in winter and summer were 

treated with 100 µl L-1 of exogenous ethylene for 24 h at 18 oC, thereafter kept at 18 oC 

and 90 % RH. The control fruit were also stored under similar conditions. At certain 

maturity stages (breaker, turning, orange, red ripe (RR), RR+6, 12 d), the control fruit 

were sampled. The gaseous treated tomato was sampled simultaneously with the control 

fruit regardless its actual ripening stage. Surprisingly, ethylene treated tomato showed 

ripening patterns similar to the control fruit in terms of degreening, softening, total 

soluble solid content, titratable acidity, and respiration rate for both summer and winter 

fruit. In the same vein, a typical climacteric pattern of ethylene production rate was 

observed in both ethylene treated tomato and control fruit with the peak at the orange 

stage. There was also no distinct difference in the accumulation of 1-Aminocyclopropane 

1-Carboxylic Acid (ACC), 1-(Malonylamino)cyclopropane-1-Carboxylic Acid, ACC 

Oxidase and ACC Synthase  activities between ethylene treated tomatoes and the control 

fruit from both winter and summer. Our findings indicate that exogenous ethylene did 

not accelerate the ripening process of heat tolerant cultivar (i.e., tomato cv. Savior) at the 

mature green stage, which is in sharp contrast to what is generally expected. 

Key words: ethylene, tomato, ripening 
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Plant biostimulants (PBs) are an eco-friendly alternative to chemical fertilizers for their 

low impact on human health and environment. They enhance nutrition efficiency, abiotic 

stress tolerance and crop quality traits. Among them, plant growth-promoting 

microorganisms (PGPM) received relevant attention. In this work, 22 PGPM strains 

belonging to German Collection of Microorganisms and Cell Cultures 

(https://www.dsmz.de) (such as Pseudomonas sp., Bacillus sp., B. thuringiensis, B. 

subtilis, Azospirillum brasiliense, Streptomyces violaceoruber, Trichoderma virens)  or 

from Department of STEBICEF (University of Palermo) collection (such as Escherichia 

coli,Streptomyces coelicolor, Kocuria rhizophila, Streptomyces sp., Bacillus sp. MAR, 

Loktanella sp., Staphylococcus hominis, S. epidermidis and S. warneri, Aspergillus sp.; 

Quambalaria sp.) were screened as potential active PGPMs. Bacterial strains were tested 

for indole-3-acetic acid (IAA) production, organic and inorganic phosphate 

solubilization, N2-fixation, and drought and salt tolerance assays. Among them, S. 

violaceoruber and K. rhizophila showed the best performance compared to the other 

bacterial strains. Furthermore, metabolomics analysis by HPLC-ESI-QTOF-MS showed 

about 30 secreted or intracellular compounds  such as siderophores, antibiotics and IAA 

related metabolites. These strains were then tested on tomato (Solanum lycopersicum) 

seeds showing a positive effect on shoot and root growth and development. In this 

respect, they could be considered as novel candidates to develop biofertilizers for low 

environmental impact and sustainable agriculture.  
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