Workshop on Plant Genome Dynamics and Evolution
INRA - AGROCAMPUS - RENNES
Le 21 et 22 Juin 2018
(Amphithéâtre Rieffel)

JEUDI 21 JUIN 2018
8H45-9H00 OPENING MEETING (AMPHI RIEFFEL)
9H00-10H30 : SESSION 1
“Genome Dynamics and Epigenetics” (Animateur A. SALMON)
9h00

Evolutionary Transition between Monocentric and Holocentric Chromosomes:
the Case Study of Genus Cuscuta. Jiri MACAS - Czech Academy of Sciences,
Prague (45’)

9h45

Evolutionary dynamics of repeated sequences in polyploid Spartina species.
Delphine GIRAUD - UMR CNRS ECOBIO - RENNES

10h15

Structural and functional consequences of transposable elements after
multiple Whole-Genome Duplication events. Julie FERREIRA DE CARVALHO INRA - UMR IGEPP – RENNES

10h45-11h15 Coffee Break and poster

11H15-12H15 : SESSION 1 CONTINUED
“Genome Dynamics and Epigenetics” (Animatrice M. AINOUCHE)
11h15

Micro-RNAs and tolerance to environmental organic pollutants in polyploid
Spartina. Armand CAVE-RADET - UMR CNRS ECOBIO - RENNES

11h45

Analysis of the impact of homoeologous exchanges (HE) on the repertoire of
micro RNAs in resynthesized oilseed rapes. Quentin CHARRET - CNRS - CRIStAL
- Université de Lille - VILLENEUSE D’ASCQ

12H15-13H15 : SESSION 2
“Origin, domestication, adaptation” (Animatrice M. AINOUCHE)
12h15

Whole plastome data shed new light on the origin and spread of the brinjal
eggplant (Solanum melongena L.; Solanaceae) and its wild relatives. Xavier
AUBRIOT - Department of life Sciences - Natural History Museum – LONDON

12h45

Rose genome and beyond: new insights into the history of modern roses.
Jeremy JUST - ENS - LYON

13h30-14h30: Lunch at Agrocampus (optional)

14H30-16H15 : SESSION 2 CONTINUED
“Origin, domestication, adaptation” (Animatrice A-M. CHEVRE)
14h30

Evolution of gene expression after whole-genome duplication in teleost fish.
Yann GUIGUEN et Julien BOBE - INRA UMR LPGP –RENNES (45’)

15h15

Investigating population differentiation and local adaptation of a forest tree
species (Coffea mauritiana) in an insular context. Edith GAROT - IRD - Plant
Diversity Adaptation and Development – MONTPELLIER

15h45

Shift from Old European to Asian rose genetic background induced by breeding
activities in the nineteenth century. Jeremy CLOTAULT - INRA - IRHS BEAUCOUZE

16h15-16h45 Coffee break and poster

16h45

Mosaic genome structures of interspecific banana cultivars shed a new light on
banana domestication. Franc-Christophe BAURENS - CIRAD - UMR AGAP –
MONTPELLIER

17H15-18H15 : SESSION 3
“Structural rearrangements” (Animateur M. ROUSSEAU-GUEUTIN)
17h15

Distribution in the Musa diversity of two large chromosomal translocations
using re-sequencing data. Marion DUPOUY - CIRAD - UMR AGAP –
MONTPELLIER

17h45

Haplotype reconstruction attempt to characterize structural variations in
heterozygous banana genomes. Guillaume MARTIN - CIRAD - UMR AGAP MONTPELLIER

18h15 - 18h30 : Round table- Exchanges / Table Ronde Echange
20h RESTAURANT (optional)

Vendredi 22 Juin 2018
(AMPHI MOULE)
9H00-9H30 : SESSION 3 CONTINUED
“Structural rearrangements” (Animateur M. ROUSSEAU-GUEUTIN)
9h00

Deciphering the interest of integrating PAV genomic information in genetic
analysis by investigating the extent of linkage disequilibrium between 22,381
PAV and 976K SNP. Clément MABIRE - INRA - Génétique Quantitative et
Evolution - GIF SUR YVETTE

9H30-11H00 : SESSION 4
“Dynamics through Meiosis” (Animateur O. CORITON)
9h30

Replication origin selection regulates the distribution of meiotic recombination
- Pei-Yun Jenny WU - IGDR CNRS – RENNES (45’)

10h15

Genome and chromosome characteristics of allopentaploid dogroses (Rosa
section Caninae), a group exhibiting unusual asymmetrical meiotic system. Ales
KOVARIK - Department of molecular Epigenetics - Academy of Sciences of
Czech Republic - BRNO

10h45-11h15: Coffee break and Poster

10H30-12H00 : SESSION 4 CONTINUED
“Dynamics through Meiosis” (Animateur O. CORITON)
11h15

Allotriploid structure to change meiotic rules: Brassica model. Anne-Marie
CHEVRE - INRA - UMR IGEPP - RENNES

11h45

Endopolyploidy in tomato fruit, understanding the link between DNA content,
nuclear structure, cell size, transcription and fruit growth. Nathalie FRANGNE
- INRA - UMR BFP - VILLENAVE D’ORNON

12h15

End of the conférence / Clôture de la conférence

13h30: Lunch at Agrocampus (optional)

Restaurant - PICCADILLY - Place de la Mairie 20h
(Menu à 28.50 Euros)

RESUMES/ABSTRACTS

1- Evolutionary Transition between Monocentric and Holocentric
Chromosomes: the Case Study of Genus Cuscuta
Jiri Macas1, Pavel Neumann1, Petr Novak1, Tae-Soo Jang1, Veit Schubert2, Jana Cizkova3,
Sonja Klemme1, Jaroslav Dolezel3, Andreas Houben2
(1) Biology Centre CAS, Institute of Plant Molecular Biology, Ceske Budejovice, Czech Republic, (2) Leibniz
Institute of Plant Genetics and Crop Plant Research (IPK), Gatersleben, Germany, (3) Institute of Experimental
Botany, Olomouc, Czech Republic
Email: macas@umbr.cas.cz

The genus of parasitic plants Cuscuta (Convolvulaceae) is unique in containing species differing in their
centromeric organization, with holocentrics being found in the subgenus Cuscuta, while the other
related subgenera, Grammica and Monogyna, comprise species with monocentric chromosomes.
Based on the genus phylogeny, species with holocentric chromosomes most likely originated from
monocentric ancestor(s), providing a unique opportunity to study this transition in a set of closely
related species. In this talk, initial results from our comparative study of genome size, repetitive DNA
and chromosome structure in Cuscuta will be presented and discussed with respect to the differences
in centromere organization.

Funding: Czech Science Foundation grant no. 17-09750S

2- Evolutionary dynamics of repeated sequences in polyploid Spartina species
Delphine Giraud1, Armand Cavé-Radet1, Brice Thamphya1, Oscar Lima1, Virginie Huteau2, Olivier
Coriton2, Abdelhak El-Amrani1, Malika Aïnouche1, Armel Salmon1
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Equipe Evolution, Génomes, Adaptation (EGA), UMR CNRS 6553 ECOBIO, Université de Rennes 1, 263 Avenue
du Général Leclerc, Campus de Beaulieu, 35042 Rennes Cedex, France
2

Plateforme de cytogénétique moléculaire végétale, UMR 1349 IGEPP, INRA Domaine de la Motte, BP 35327,
35653 Le Rheu

Email address: delphine.giraud@univ-rennes1.fr
The activity of repeated sequences and whole genome duplication (polyploidy) are two main
processes involved in eukaryote genome size variation and dynamics. Transposable element (TE)
bursts or loss and polyploidy have resulted in a large genome size range across species. The Spartina
clade (Poaceae, Chloridoideae, Sporobolus genus) is known for its well-documented events of
reticulate evolution (resulting from interspecific hybridization) and recurrent polyploidy (Ainouche et
al., 2009). This genus evolved through two main lineages, a tetraploid clade (2n = 4x = 40; 1C=1.82.2Gb) and a hexaploid clade (2n = 6x = 60,62; 1C=0.71-0.98Gb) which diverged 6-10my ago. More
recent hybridization and polyploidization events within and between these lineages led to additional
ploidy levels (7x, 8x, 9x, 12x). The aim of our work is to explore the Spartina repeated compartment
and its dynamics in the context of polyploid diversification, using multiple genomic and transcriptomic
datasets from various tetraploid and hexaploid species.
The diversity of repeats was in silico analyzed by detecting repeated sequences from Illumina
reads (using Repeat Explorer (Novák et al., 2010), a graph-based clustering method) and by annotating
the assembled sequences produced by clustering. The study of retrotransposons (major proportion of
the repetitive component in Spartina genome (75%)) showed an accumulation or loss of Del/Tekay and
Ogre/Tat copies which could explain the size variation among species of same ploidy level (i.e. within
the tetraploid and the hexaploid clades respectively). Interestingly, the expansion of a particular
satellite repeat (displaying a telomeric chromosomal location as evidenced by FlSH) appears to have
accompanied the divergence between the two sister hexaploid species, S. alterniflora (where it
represents up to 6.5% of the genome) and S. maritima (0,14 % of the genome) that diverged 2-4 my
ago on the European and American Atlantic coasts respectively.
The consequences of both hybridization and/or polyploidization on the activity of transposable
element is also investigated in the Spartina hexaploid lineage. The expression of different TE families
were studied and compared between species and preliminary analyses reveal the expression of specific
TE families in hybrid and allododecaploid species. These results were also supported by the analysis of
smallRNAs derived from repeated sequence. Indeed, different smallRNA datasets were used to identify
and quantify siRNA involved in the regulation of TE expression. This work sheds new light on TE
dynamics in recently formed hybrid species.

Ainouche ML, Fortune PM, Salmon A, Parisod C, Grandbastien M-A, Fukunaga K, Ricou M, Misset M-T. 2009.
Hybridization, polyploidy and invasion: lessons from Spartina (Poaceae). Biological Invasions 11: 1159–1173.
Novák P, Neumann P, Macas J. 2010. Graph-based clustering and characterization of repetitive sequences in
next-generation sequencing data. BMC Bioinformatics 11.

3- Structural and functional consequences of transposable elements after
multiple Whole-Genome Duplication events
Julie Ferreira de Carvalho1, Thomas Chaussepied1, Sébastien Letort2, Anne-Marie Chèvre1,
Mathieu Rousseau-Gueutin1
1
2
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Julie.ferreira-de-carvalho@inra.fr
Polyploidy or Whole-Genome Duplication (WGD) is a widespread and successful evolutionary process
among Eukaryotes. Especially recurrent in Angiosperms, and co-occurring with extreme climatic events
over time, WGD has been proposed to enhance fitness in polyploids. As such, in the context of
fluctuating harsh environments, polyploids may benefit from their genomic redundancy in comparison
to their diploid relatives. Components of this survival success are thought to lie in the rapid structural
changes and functional alterations occurring following WGD. Particularly, homoeologous exchanges in
allopolyploids (resulting from interspecific hybridization followed by WGD) have been shown to cause
important phenotypic changes (flowering time, resistance to pathogens). However, Transposable
Elements (TE) have been particularly overlooked regarding their role in genome rearrangements and
gene regulation via epigenetic marks and their importance in plant phenotypic capacities.
We used the model system Brassica encompassing the paleopolyploid species B. rapa and B. oleracea
that experienced a triplication event (15-20mya), and that hybridized to give rise to the young
allopolyploid B. napus. Specifically, we investigate the subsequent questions: (1) Following WGD, are
there particular TE families transcribed, active and transposing in the genome? (2) How often do these
new insertions occur within gene or in the promoter? (3) Can we see a correlation between TE insertion
and nearby gene expression changes? (4) Are there specific TE families whose presence is correlating
with boundaries of structural rearrangements previously observed in B. napus polyploids?
Using the reference genomes available for these species, we annotated de novo their repetitive
compartment with the pipeline REPET. We then studied the evolutionary history of specific TE families
performing phylogenetic analyses and estimating their insertion dates. Finally, we made used of the
availability of genomic and transcriptomic data for synthetic Brassica hybrids and allopolyploids to
assess TE dynamic following hybridization and genome doubling. We provide evidence for limited burst
of TE following WGD meanwhile identifying specific young TE families possibly recently active in their
genomes. Additionally, we clustered TE positions with boundaries of homoeologous translocated
regions and annotated genes to examine the presence of specific TE families in such regions. These
results will provide a novel framework to better comprehend the structural and functional
consequences of the repetitive compartment in allopolyploids.

4-Micro-RNAs and tolerance to environmental organic pollutants in polyploid
Spartina
Cavé-Radet Armand, Tran Van Canh Loup, Giraud Delphine, Lima Oscar, Aïnouche Malika,
Salmon Armel, and El Amrani Abdelhak.
UMR CNRS 6553, ECOBIO (Ecosystèmes, Biodiversité, Evolution) Université de Rennes 1, Campus de Beaulieu,
35042 Rennes Cedex
Contact: armand.cave-radet@univ-rennes1.fr

Polyploidy, or whole genome duplication (WGD) is a recurrent speciation mechanism along the
evolutionary history of seed plants [1,2]. In polyploids, the combination of genomes from one
(autopolyploid) or divergent (allopolyploid) species is described to induce various changes on genetic
and epigenetic levels [3]. It includes novel interactions related to duplicated genomes, changes in gene
expression pathways, and epigenetic modifications that may impact the adaptive capacity of
polyploids.
Ecological success of polyploids and their tolerance to stressful abiotic environments such as drought,
salinity or nutrient deficiency represents today an expanding research area. In contrast, little is known
regarding the impact of WGD in tolerance mechanisms to environmental organic pollutants, studies
being primarily restricted to the diploid plant model Arabidopsis thaliana [4–6]. In this context, we
examined the effect of hybridization and genome doubling in species from polyploid salt marsh genus
Spartina Schreb. (Poaceae, Chloridoideae) in response to PAHs (Polycyclic Aromatic Hydrocarbons), an
alarming group of organic pollutants. We considered four species representing a recent
allopolyploidization event (emerged at the end of the 19th century), including the hexaploid parental
species S. maritima and S. alterniflora, their interspecific hybrid S. x townsendii, and the
allododecaploid S. anglica (resulting from genome doubling of the F1 interspecific hybrid). Preliminary
results highlighted increased tolerance to phenanthrene (displaying a PAH basic structure) in S. anglica
as compared to its parents.
In order to understand genetic and epigenetic mechanisms underlying such tolerance, we focused our
investigation on micro-RNAs (miRNAs), which represent major regulators of stress responsive genes.
Small-RNA and RNA-sequencing from control and phenanthrene stressed plants were performed.
Annotations of miRNAs, and their putative targets were conducted. A total of 113 conserved and 481
novel miRNAs were annotated. Small-RNA-seq and RT-qPCR validations highlight changes in miRNA
expression patterns between species, with species specific phenanthrene responsive miRNAs and
target genes following hybridization and genome doubling. To decipher the role of identified miRNAs,
functional validation in Arabidopsis was conducted using T-DNA knock-out mutants and miPEPs (small
regulatory peptides encoded by miR genes and involved in miRNAs accumulation) [7].
Ref:
1- Van de Peer et al., The evolutionary significance of ancient genome duplications, Nat. Rev. Genet. 10 (2009) 725–732.
2- Jiao et al., Ancestral polyploidy in seed plants and angiosperms, Nature. 473 (2011) 97–100.
3- Doyle et al., Evolutionary genetics of genome merger and doubling in plants, Annu. Rev. Genet. 42 (2008) 443–461.
4- Dumas et al., Unraveling the early molecular and physiological mechanisms involved in response to phenanthrene exposure, BMC
Genomics. 17 (2016).
5- Alkio et al., Stress responses to polycyclic aromatic hydrocarbons in Arabidopsis include growth inhibition and hypersensitive responselike symptoms, J. Exp. Bot. 56 (2005) 2983–2994.
6- Weisman et al., Transcriptional responses to polycyclic aromatic hydrocarbon-induced stress in Arabidopsis thaliana reveal the
involvement of hormone and defense signaling pathways, BMC Plant Biol. 10 (2010) 59.
7- Lauressergues et al., Primary transcripts of microRNAs encode regulatory peptides, Nature. 520 (2015) 90–93.

5- Analysis of the impact of homoeologous exchanges (HE) on the repertoire of
micro RNAs in resynthesized oilseed rapes
1

CHARRET Quentin, 1FLISSI Areski, 2GERARD Pierre, 3CHEVRE Anne-Marie, 3ROUSSEAU-GUEUTIN
Mathieu, 4VAN DIJK Erwin, 1TOUZET Hélène, 2ALIX Karine.
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Polyploidy – and notably allopolyploidy that involves interspecific hybridization – has played a major
role in the evolution of plants, partly because this process is often associated with changes in genomic
structure and gene expression. Homoeologous exchanges (HE) – i.e. between the constituent
subgenomes – have been demonstrated to be frequent in allopolyploids and are supposed to be at the
origin of the diversity responsible for the success of polyploidy. While their influence on gene content
has been poorly studied until recently, little is known about their impact on gene expression. We have
analyzed the impact of HEs that have been characterized in resynthesized oilseed rapes, on the
repertoire of micro RNAs. Our main objective was to assess the relations that could exist between
structural variation and modifications of gene expression through changes in miRNA regulation.
By exploiting small RNA-seq data and the bioinformatic tool miRkwood
(http://bioinfo.cristal.univ-lille.fr/mirkwood), we have built a micro RNA database for the diploid
subgenomes AA from Brassica rapa and CC for B. oleracea that correspond to the progenitors of the
resynthesized B. napus allotetraploids (AACC). Integrating miRNA prediction and genomic location of
HEs allowed us to infer relationships between micro RNA restructuring and non-additivity of gene
expression in polyploid hybrids. The putative involvement of the micro RNAs impacted by HEs in
changes of their target gene expression levels will be presented and discussed.

6- Whole plastome data shed new light on the origin and spread of the brinjal
eggplant (Solanum melongena L.; Solanaceae) and its wild relatives
Xavier Aubriot1, 2, Sandra Knapp1, Mindy Syfert1, Péter Poczai3, Sven Buerki1, 4
1 Department of Life Sciences, Natural History Museum, Cromwell Road, London SW7 5BD, England, UK.
2 Unité Mixte de Recherche 6553 Écosystèmes, Biodiversité, Évolution (ECOBIO), Observatoire des Sciences de
l'Univers de Rennes, Centre National de la Recherche Scientifique, Université de Rennes 1, Rennes CEDEX, France.
3 Botany Unit, Finnish Museum of Natural History, University of Helsinki, PO Box 7, Helsinki FI-00014, Finland.
4 Department of Biological Sciences, Boise State University, 1910 University Drive, Boise, Idaho 83725, U.S.A.

xavier.aubriot@univ-rennes1.fr
Crop wild relatives (CWRs) are likely to play a significant role in securing 21st century food security
(Dempewolf et al., 2014). Understanding the phylogenetic relationships, geographic origins and spread
of CWRs is critical for improving their use in future plant breeding in the face of environmental and
climate change. While brinjal eggplant (Solanum melongena L.) is the second most important
solanaceaous fruit crop after tomato (FAO, 2017), we lack firm knowledge of its evolutionary
relationships. This in turn limits efficient use of CWRs in eggplant improvement.
Here we use museum collections to generate nuclear and full-plastome data for all species of
the eggplant clade, to (1) test species circumscriptions, (2) improve resolution in the eggplant clade,
and (3) check for topological incongruences. We combine a phylogenomic approach with distribution
data to infer a biogeographic scenario for the clade and re-assess Lester & Hasan’s (1991) hypothesis
of linear step-wise migration from Africa to Asia.
We found that the Eggplant clade has Pleistocene origins in northern Africa. Dispersions to
tropical Asia gave rise to Solanum insanum L., the wild progenitor of the eggplant, and to African
distinct lineages of widespread and southern African species. Results suggest that spread of species to
southern Africa has been recent and likely facilitated by large mammalian herbivores such as African
elephant and impala feeding on Solanum fruits. This first attempt to provide a testable biogeographic
framework for the eggplant clade shows that its history consists in a wide dispersion across the African
continent rather than an ‘Out of Africa’ phenomenon. While dispersal and differentiation across Africa
was probably driven by large mammalian herbivores, dispersal of S. insanum lineages to tropical Asia
and emergence and domestication of the brinjal eggplant is still a biogeographic puzzle; denser
sampling and targeted high-throughput sequencing are needed for reconstructing reliable scenarios
of evolution of brinjal eggplant from its wild progenitor, S. insanum.
References
Dempewolf, H., R. J. Eastwood, L. Guarino, C. K. Khoury, J. V. Müller, and J. Toll. 2014. Adapting agriculture to
climate change: a global initiative to collect, conserve, and use crop wild relatives. Agroecology and Sustainable
Food Systems 38: 369–377.
FAO. 2017. The statistical database (FAOSTAT). [online] Website http://www.fao.org/faostat/en/. [accessed 9
February 2018].
Lester, R. N., and S. M. Z. Hazan. 1991. Origin and domestication of the brinjal eggplant, Solanum melongena,
from Solanum incanum, in Africa and Asia. In J. G. Hawkes, R. N. Lester, M. Nee, and N. Estrada [eds], Solanaceae
III: taxonomy, chemistry and evolution, 369–387. Royal Botanic Gardens Kew, Kew, UK.

7- Rose genome and beyond: new insights into the history of modern
roses
Jérémy Just
The Rose Genome Sequence Initiative6
Laboratoire Reproduction et Développement des Plantes, Univ. Lyon, ENS de Lyon, UCB Lyon 1,
CNRS, INRA, Lyon, France. Mail : jeremy.just@ens-lyon.fr
Roses are among the most commonly cultivated ornamental plants worldwide since antiquity,
and have high cultural and economic importance as ornamental plants and in the perfume
industry. The genus Rosa contains approximately 200 species, more than half of which are
polyploid. Owing to natural autoincompatibility and artificial interspecific hybridisations, all
roses have highly heterozygous genomes that are challenging to assemble despite their
relatively small size (560 Mb). During the past years, we generated a number of biotechnology
and molecular tools that allowed discovering the molecular mechanisms controlling flower
formation and scent biosynthesis1-5. However, to date, attempts to assemble rose genomes with
short reads have led to highly fragmented assemblies composed of thousands of scaffolds. To
overcome these bottlenecks to obtaining a reference genome, we produced a homozygous
genome from Rosa chinensis, known to have extensively participated in breeding and the
creation of modern roses, through an original in vitro culture protocol, and we sequenced this
homozygous genome with long-read sequencing technology.
We used PacBio Single Molecule Real-Time sequencing at a depth of coverage of 80× and an
original meta-assembly approach to obtain a very high-quality genome assembly6. The final
assembly was composed of 82 contigs for an N50 of 24 Mb. Using a genetic map and Hi-C
chromosomal-contact-map data, we built the seven pseudomolecules of R. chinensis, containing
97.7% of the assembly. Resequencing of the genome of 14 major genotypes that contributed to
rose domestication, along with genome diversity analyses, highlighted the mosaic origin of the
genome of modern rose hybrids that combines European species traits and Chinese species
traits 6. Expert gene annotations along with gene expression data permitted the reconstruction
of gene regulatory pathways associated with major rose traits, and allowed to describe
epigenetic variation landscapes along the rose genome6. Comparative genomics investigation
gave insight into rose recent history, and paleohistory within the Rosaceae family. Together,
these resources provide a solid foundation for understanding the mechanisms governing rose
traits and their diversity and will accelerate improvement in roses, Rosaceae and ornamentals.
1. Bendahmane et al. (2013). J Exp Bot 64(4):847-857.
2. Dubois et al. (2012). BMC Genomics 13:638.
3. Dubois et al. (2011). PLoS ONE 6:e28455.
4. Dubois et al. (2010). PLoS ONE 5:e9288.
5. Magnard et al. (2015). Science 349:81-83.
6. Raymond et al. (2018). Nature Genetics 50:772–777. DOI : 10.1038/s41588-018-0110-3.

8- Evolution of gene expression after whole-genome duplication in teleost
fish
Yann Guiguen & Julien Bobe
INRA LPGP UR1037 Laboratoire de Physiologie et Génomique des Poissons, Rennes, France

Whole genome duplications (WGD) are important evolutionary events. Our understanding of
underlying mechanisms, including the evolution of duplicated genes after WGD, however remains
incomplete. Teleost fish experienced a common WGD (Teleost-specific Genome Duplication, or TGD)
followed by a dramatic adaptive radiation leading to more than half of all vertebrate species. The
analysis of gene expression patterns following TGD at the genome level has been limited by the lack
of suitable genomic resources. The recent concomitant release of the genome sequence of spotted
gar (a representative of holosteans, the closest related lineage of teleosts that lacks the TGD) and the
tissue-specific gene expression repertoires of over 20 holostean and teleostean fish species, including
spotted gar, zebrafish and medaka (the PhyloFish project), offers a unique opportunity to study the
evolution of gene expression following TGD in teleosts. We show that most TGD duplicates gained
their current status (loss of one duplicate gene or retention of both duplicates) relatively rapidly after
TGD (i.e. prior to the divergence of medaka and zebrafish lineages). The loss of one duplicate is the
most common fate after TGD with a probability of approximately 80%. In addition, the fate of
duplicate genes after TGD, including subfunctionalization, neofunctionalization, or retention of two
‘similar’ copies occurred not only before, but also after the divergence of species tested, in
consistency with a role of the TGD in speciation and/or evolution of gene function. Finally, we report
novel cases of TGD ohnolog subfunctionalization and neofunctionalization that further illustrate the
importance of these processes.

9- Investigating population differentiation and local adaptation of a forest
tree species (Coffea mauritiana) in an insular context
Edith Garot, Thierry Joët, Marie-Christine Combes, Philippe Lashermes
Plant Diversity Adaptation and Development Research Unit, Institut de Recherche pour le Développement –
911, avenue Agropolis BP 64501, 34394 Montpellier cedex 5
E-mail: edith.garot@ird.fr

Oceanic islands are known to be original evolutionary systems which are often associated with high
level of endemism and important adaptive features. Their genetic isolation, their geological history
and their habitat diversity make them exceptional models to investigate both neutral and adaptive
evolutionary processes. In-depth studies at the genomic level would give the opportunity to better
disentangle between the numerous processes driving the genomic landscape of differentiation in
native plants. Displaying large environmental gradients at small spatial scale, the well-preserved
Reunion Island forest provides an exceptional laboratory to support such evolutionary studies. Neutral
and adaptive processes driving genomic differentiation were therefore investigated for an endemic
wild coffee species (Coffea mauritiana), which distribution encompasses contrasted climatic zones on
the island. Its relatively small genome and its synteny with the coffee reference genome (C. canephora)
make this species a model particularly attractive. Genomic resources were obtained by DArTseq
genotyping of 323 trees from 34 localities covering the distribution area of the species. Neutral
genomic differentiation was first assessed by estimating genetic diversity, population structure and
differentiation. The phylogenic relationships between the inferred population clusters was studied,
and the main factors of population differentiation were also identified. Model-free statistical methods
were then used to estimate demography history of the species. An integrative approach was adopted
to conjointly investigate the patterns of local adaptation, using three different methods: one from
population genomics, relying on the FST distribution; one from landscape genetics that use
environmental data; and one method from quantitative genetics, exploiting phenotypic divergences.
To our knowledge it is the first time that genetic basis of local adaptation are estimated for an endemic
plant in Reunion Island. Moreover, the inferred demographic history gives a new vision of plants
colonization and diversification on the island.
Keywords: population genetics, demographic history, local adaptation, integrative approach, Reunion
Island, Coffea

10-Shift from Old European to Asian rose genetic background induced by
breeding activities in the nineteenth century
Jérémy CLOTAULT1, Mathilde LIORZOU1, Alix PERNET1, Vanessa SOUFFLET-FRESLON1, Shubin
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The 19th century was characterized in France by a real rosomania during which the breeding of garden
roses has experienced unprecedented interest. Indeed, the number of rose cultivars in France
increased from 100 to 8,000 during the 19th century and phenotypic traits changed a lot. Hybridization
may have been a main actor of this story as modern cultivated roses are considered as the result of
hybridizations between 7 to 10 species from the genus Rosa, coming from Asia, Middle East or Europe.
A sample of 1,228 garden roses, with a majority of tetraploids but with ploidy level ranging from 2x to
6x, has been genotyped with 32 single sequence repeats (SSRs). A genetic differentiation was detected
between old European and Asian accessions and a continuous temporal shift was observed in
cultivated hybrids from a European to an Asian genetic background during the 19th century (Liorzou et
al. 2016). Frequent crosses with Asian roses along the 19th century and/or selection for Asiatic traits
may have induced this shift. Indeed, phenotyping of a subsample showed that the proportion of
recurrent blooming roses increased during the 19th century. This trait which was absent in old
European roses would have appeared in Europe by the introduction of Chinese roses, especially ‘Old
Blush’ cultivar whose genome was recently sequenced (Hibrand et al. 2018). The frequency of the
mutant allele of RoKSN gene responsible for recurrent blooming increased during the 19th century. Its
selection may have led, at least partially, to the large introgression of Chinese genetic background in
Europe. In order to understand more precisely how the introgression of Asian genetic background
occurred in the European roses, the knowledge of rose pedigree may be very informative. A
probabilistic method is currently under development to find the most likely parents of each genotype
among this sample with mixed ploidy level (Proïa et al. 2018).

Hibrand et al. (2018) A high-quality sequence of Rosa chinensis to elucidate genome structure and
ornamental traits. BioRxiv 254102. [https://doi.org/10.1101/254102] ; in press for Nature Plants
Liorzou et al. (2016) Nineteenth century French rose (Rosa sp.) germplasm shows a shift over time
from a European to an Asian genetic background. Journal of Experimental Botany 67, 4711–4725
[https://doi.org/10.1093/jxb/ern269]
Proïa et al. (2018) Probabilistic reconstruction of genealogies for polyploid plant species.
arXiv:1804.04853 [https://arxiv.org/abs/1804.04853

11- Mosaic genome structures of interspecific banana cultivars shed a new
light on banana domestication.
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Abstract:
Many banana cultivars are interspecific hybrids between M. acuminata (Genome A, 2n=22) and M.
balbisiana (Genome B, 2n=22). They are triploid, sometimes diploid, seedless and parthenocarpic
clones selected by early farmers and since then dispersed by centuries of vegetative propagation.
Cultivars were classified into genomic groups based on their morphological similarities to wild diploid
species and their ploidy level; the main groups being referred to as ‘AA’, ‘AB’, ‘AAA’, ‘AAB’, and ‘ABB’.
They were further classified into subgroups based on agronomic characteristics.
We analyzed the A/B chromosomes composition of interspecific banana hybrids of various ploidy. All
accessions had the expected euploid genome structure (i.e. 2, 3 or 4 sets of each chromosome for the
2x, 3x, and 4 x accessions, respectively). Interestingly, in all the interspecific cultivars that we studied,
we identified a mosaic A/B chromosomes structure resulting from A/B interspecific recombination.
For the two diploids cultivars, the results showed an AB chromosome constitution, with some regions
of AA origin. In the triploid cultivars, we observed various level of mosaic that suggested several steps
of meiosis in their history. The tetraploid AAAB breeding accession also showed a mosaic of fragments
from A and B genome along the chromosomes.
Based on analysis of the A/B mosaic pattern in cultivars, we propose new hypotheses on interspecific
banana domestication.

12-Distribution in the Musa diversity of two large chromosomal translocations
using re-sequencing data.
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Banana cultivars are derived from hybridization between Musa acuminata subspecies. Theses
subspecies diverged following geographical isolation in distinct Southeast Asian continental
regions and islands. Observation of chromosome pairing irregularities in meiosis of hybrids
between theses subspecies suggested the presence of large chromosomal structural variations
(LSV). We recently described a reciprocal translocation compare to the sequence M. acuminata
reference in a subgroup of malaccensis accessions and another one in M. balbisiana.
Using a self-progeny of Calcutta4 genotyped by GBS and large insert paired reads mapped on the
reference genome, we characterized two large structural variations in the accession “Calcutta4”
from the subspecies burmannicoides relative to the reference sequence assembly obtained with a
M. a. ssp malaccensis accession. These large structural variations consist in a reciprocal
translocation involving a 240 kb distal region of acrocentric chromosome 2 and a 7.2 Mb distal
region of chromosome 8 and a second reciprocal translocation involving a 20.8Mb distal region of
acrocentric chromosome 1 and an 11.6Mb distal region of chromosome 9. At the breakpoints,
intricate events of duplication and deletion/rearrangements involving small fragments were
detected. These rearrangement were validated using a preliminary assembly of “Calcutta 4”
accession obtained from Nanopore Reads.
We developed a methodology to exploit short-insert paired reads resequencing data to analyze
the distribution of these two LSV in Musa germplasm. To do so, we designed a pipeline looking for
read pair overlapping rearrangement breakpoints for the two structures. First results suggested
micro-variations at rearrangement breakpoints for several representatives of Musa acuminata
diversity. We thus used PacBio and Nanopore sequencing data from 2 additional representatives
of Musa acuminata subspecies (ssp banksii and ssp zebrina) to design additional rearrangement
breakpoints for these accessions. All breakpoints presence/absence where then tested for the 159
accessions for which paired reads were available.
Results showed that both translocations are shared by all wild accessions belonging to the
burmannicoides/burmannica/siamea subspecies. The chromosome 2/8 translocation is also
found at the heterozygous state in two cultivars. The relatively low frequency in cultivated
accessions of these alternate structures confirmed that burmannicoides/burmannica/siamea
subspecies had a low contribution to cultivated bananas. Those two M. a. burmannica specific
large structural variations correspond to the “Northern” group suggested by Shepherd (1999)
based on meiosis observations.

13- Haplotype reconstruction attempt to characterize structural variations in
heterozygous banana genomes
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Inter(sub)specific hybridizations are frequent events in plants and represent key factors in the
evolution and domestication of many crops. Banana is one of such crop plants where domesticated
cultivars result from hybridization events between Musa acuminata (2n=2x=22, A genome) subspecies
and sometimes with Musa balbisiana (2n=2x=22, B genome). These species and subspecies diverged
following geographical isolation in Southeast Asian continental regions and islands. Plant movement
fostered by human migrations lead to inter(sub)specific hybridization that generated diploid and
triploid hybrids with low fertility. Large chromosomal rearrangements between the species and
subspecies are suspected to be involved in this low fertility. Seedless parthenocarpic hybrids were then
selected by early farmers and since then dispersed by centuries of vegetative propagation.
So far, two large structural variations were observed between Musa acuminata and Musa balbisiana
and three large structural variations were identified within Musa acuminata subspecies using a
combination of genetic and physical mapping, large insert paired read sequencing and BAC-FISH. Using
genetic mapping data and FISH, a fourth structural variation was identified at heterozygous state in
several cultivated accessions. However, while we know which chromosomes are implicated in this
genome rearrangement, previous methods failed to clarify its exact nature.
We will discuss present development based on genetic mapping and partial sequence assembly of an
accession having this SV at heterozygous state to reconstruct both haplotypes and access to this new
structure.

14- Deciphering the interest of integrating PAV genomic information in genetic
analysis by investigating the extent of linkage disequilibrium between 22,381
PAV and 976K SNP.
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Structural variations are pervasive in plants. In maize, thousands of copy number variations
(CNV) have been discovered in the last decades, notably Presence/absence variation (PAV). PAV affect
large part of the genome and these sequences could contain genes that may affect traits variation.
Moreover, they are originated from different mechanisms and could therefore differ in evolutionary
history in comparison to SNP.
This study investigated the linkage disequilibrium (LD) extent between PAV and SNP, in order
to find out if PAV are complementary to SNP and consequently are a novel source of polymorphism to
be integrated in population and quantitative genetic analysis.
To address these questions, we analyzed LD extent between 59,945 PAV from a new
genotyping array and 976,935 SNP from the 50K Illumina, 600K Affymetrix Axiom array and from
genotyping by sequencing (GBS) technologies. Among 59,945 PAV genotyped, 37% (discovered with
breakpoint designed at the base pair level) were anchored in the maize reference genome while 63%
were not anchored. We showed that LD extent between PAV and SNP were lower than LD between
SNP. 11,755 PAV were not in strong LD (r2 > 0.8) with any SNP in a genomic region of 2 Mbp around
the PAV. It mean the genomic information from these PAV were not already taking into account by
SNP when we performed GWAS. As 47% of PAV were in LD > 0.8 with at least one SNP, we also
developed a method based on LD which allow us to map 29,485 PAV not anchored along the maize
reference genome.
These results illustrated the usefulness of LD measures to investigate in which extent PAV are
a new resource of genomic variation compared to SNP, and furthermore, to map not anchored PAV
along the maize genome.

15- Replication origin selection regulates the distribution of meiotic
recombination
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Genome duplication is an integral part of cell growth and proliferation, and the mechanisms regulating
its organization and proper execution are highly conserved throughout eukaryotes. At the molecular
level, a detailed picture of the different events associated with S phase onset and progression has
emerged. However, the fundamental question of whether the way the genome is duplicated along
individual chromosomes has direct and specific consequences on cellular physiology remains largely
unexplored. Indeed, the selection of the sites of replication initiation, or origins, throughout the
genome varies from cell to cell and from one cell cycle to another, and changes in the pattern of origin
usage have been observed in Xenopus and Drosophila during development, in differentiating mouse
and human cells, and in a number of cancers. Nevertheless, the outstanding question remains: Is a
fully duplicated genome the sole output of the replication process, or is the organization of replication
origin selection a determinant for specific cell biological functions?
We have therefore investigated the impact of origin usage on meiosis, a distinct and complex
developmental process, in the fission yeast Schizosaccharomyces pombe. We demonstrate that
genome-wide changes in the replication program of pre-meiotic S phase do not affect overall meiotic
progression or spore viability, indicating that meiosis does not intrinsically activate or critically require
a particular pattern of origin usage. However, local changes in origin usage between different
replication programs lead to alterations in both recombination factor binding and recombination
frequencies in these regions. We conclude that that origin selection is a key parameter in determining
the sites of recombination factor recruitment and interhomologue recombination, revealing an
important role for the replication program in shaping the genome.

16- Genome and chromosome characteristics of allopentaploid dogroses
(Rosa section Caninae), a group exhibiting unusual asymmetrical meiotic
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Abstract:
Members of genus Rosa section Caninae (also known dogroses) are multihybrids harbouring variable
ploidy levels ranging from four to six. All dogroses evolved an unusual matroclinal meiotic system
characterised by asymmetrical distribution of genetic material between the female and male
gametes: In pentaploid dogroses, (2n=5x=35), the pollen transmits one basic genome (x=7) derived
from the seven segregating bivalents, whereas the egg transmits four basic genomes (4x=28) one set
derived from the segregation of seven bivalents and three sets of univalent-forming chromosomes.
To get some insights into Caninae chromosome structure we carried our genome skimming in four
pentaploid (5x=35) dogrose species, Rosa canina, R. corymbifera, R. dumalis and R. inodora, two nondogrose tetraploid (R. gallica and R. spinosissima, both 4x=28) and three candidate progenitor diploid
species, R. majalis, R. arvensis (both 2x=14) and R. multiflora (2x=14). Classical rDNA and chloroplast
markers revealed multiple and reciprocal origin of hybrids indicating that asymmetrical meiosis arose
at least twice in Rosa genus. Comparative analysis of repeatoms revealed a similar composition of
chromosomes in diploid and polyploid species. We cloned a major satellite repeat called CANR4
constituting 1.5 and 2.7% of dogrose genomes while it is much less abundant in non-dogrose species.
In addition, amplification was accompanied by its divergence in allopentaploids. Fluorescent in situ
hybridisation (FISH) in pollen meiotic chromosomes showed strong CANR4 signals on univalent
chromosomes contrast to bivalents that harboured relatively weak signals. Reduced meiotic
recombination likely allowed expansion of CANR4 satellite leading to univalent chromosome
divergence.

17- Allotriploid structure to change meiotic rules: Brassica model
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Meiotic recombination by crossovers (COs) is the main mechanism used by breeders to shuffle the
genetic diversity. Nevertheless, loci separation is often hampered due to the strict regulation of
meiotic recombination, which results in a few number of crossovers formed per pair of homologs (≤ 3)
primarily located on chromosome extremities. In Brassica genus, which contains many economically
important crops (from vegetables and fodders to oilseed), ploidy level of interspecific hybrids has been
linked with the modification of meiotic regulations. In AAC allotriploid hybrids (2n=3x=29), resulting
from the cross between the rapeseed (B. napus, AACC, 2n=4x=38) and its B. rapa progenitor (AA,
2n=2x=20), we showed 1.7 to 3.4 times more COs (depending on the sex of meiosis and the genetic
background) compared to AA diploids. Most surprisingly, we found that such a rise was always
associated with (i) dramatic changes in the shape of recombination landscapes and (ii) a strong
decrease of CO interference (Pelé et al. 2017). Symmetrically, in ACC allotriploids (2n=3x=28), resulting
from crosses between rapeseed (B. napus, AACC, 2n=4x=38) and the other diploid progenitor B.
oleracea (CC, 2n=2x=18), our preliminary analysis seems to indicate a similar increased number of
crossovers, in spite of different genomic structure of their gametes compared to those of AAC hybrids.
Altogether, these findings provide new insights on the crossovers reshaping occurring in Brassica
allotriploids and offer a unique opportunity for Brassica napus breeders to efficiently combine new
loci of interest by modifying the linkage disequilibrium.

Pelé, A. et al. (2017). PLoS genetics, 13(5), e1006794. doi: 10.1371/journal.pgen.1006794
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Somatic polyploidy, leading to an increase in cell DNA content, is intimately associated to
developmental programs and strongly correlated to growth, organogenesis and cell differentiation1.
Why plants produce cells with increased nuclear DNA content while they have a diploid genome is a
fascinating and unsolved question in biology. Tomato fruit, offers an excellent system to decipher the
role of endoplyploidy since the pericarp tissue, present an extraordinary extent of ploidy level (2C to
256 C in the same tissue) unmatched by any other plant species.
Deciphering the functional roles of endopolyploidy is hampered by the fact that polyploid
tissues generally comprise cells with various ploidy levels. So, to investigate the role of endopolyploidy
it is necessary to address the DNA content of individual nuclei in situ. In this context, we developed a
new method based on fluorescent in situ bacterial artificial chromosome hybridizations. This method
allowed the in situ determination of the DNA ploidy level of individual nuclei and allowed us to
establish a ploidy map of tomato pericarp at the mature green stage2. Our results indicate that ploidy
level is not only dependent on cell size but also relies on cell position within the pericarp. To investigate
the spatial distribution of endopolyploidy at different stages of fruit development we are currently
working on optimizing the in situ ploidy method using CRISPR imaging as an alternative to the FISH.
To go further in understanding the functional role of endopolyploidy during tomato fruit
development and by using cellular approaches we provide a structural analysis of endoreduplicated
nuclei at the level of chromatin and nucleolar organization, nuclear shape and relationship with other
cellular organelles such as mitochondria3. We demonstrate that endopolyploidy in pericarp leads to
the formation of polytene chromosomes (as a consequence of chromatid duplication during
endoreduplication) and markedly affects nuclear structure. Nuclei manifest a complex shape, with
numerous deep grooves that are filled with mitochondria, affording a fairly constant ratio between
nuclear surface and nuclear volume. We provide the first direct evidence that endopolyploidy plays a
role in increased transcription of rRNA and mRNA on a per-nucleus basis. We also tested the feasibility
of a RNA sequencing (RNA-Seq) approach using total nuclear RNA extracted from puriﬁed populations
of ﬂow cytometry-sorted nuclei based on their DNA content. Overall, our results provide quantitative
evidence in favor of the karyoplasmic theory and show that endoreduplication is associated with
complex cellular organization during tomato fruit development. From ploidy-specific expression
profiles we also found that the activity of cells inside the pericarp is related both to the ploidy level
and their tissue location4.
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1- Investigating symbiotic gene promotors to decipher the evolutionary
dynamics of nitrogen-fixing symbiosis
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Nitrogen is essential for the plant life and development. Accessing this compound is particularly
challenging for land plants that are unable to move following nitrogen resources. Among the strategies
developed by plants to maintain nitrogen supply, the nitrogen-fixing root nodule symbiosis (NFN) is
one of the most complex and intimate. The ability of plants to the NFN symbiosis with diverse nitrogenfixing bacteria from Frankia or rhizobia is found in four orders (Fabales, Fagales, Cucurbitales and
Rosales) sharing a common ancestor and forming the NFN clade (Sprent, Ardley, and James 2017;
Delaux, Radhakrishnan, and Oldroyd 2015; Soltis et al. 1995). In this latter, less than 30 plant families
are able to form NFN and they do not form a monophyletic clade. Thus, one of the main question
regarding the evolutionary dynamics of NFN is to determine whether it appeared or has been lost
multiple times during the NFN clade evolution (Doyle 2016). Recently, via a phylogenomics approach
of nodulating and non-nodulating species in the NFN clade we found signatures of multiple and
independent losses in the NODULE INCEPTION (NIN) gene that supports the hypothesis of multiple
losses of the NFN symbiosis across the NFN clade (Griesmann et al. 2018). However, given that
essential gene such as NIN are also present in non-symbiotic families outside the NFN clade, question
remains about the molecular changes that provided the basis for the NFN symbiosis to evolve in that
particular clade. The aim of our work is to identify the genetic elements that could explain the evolution
of symbiosis in the NFN clade. We hypothesize that key elements may be related to the rewiring of
gene regulatory networks. To assess this question, we are creating a genome database focusing on the
species belonging to the NFN clade with different symbiotic status (e.g. forming the NFN symbiosis or
not). This database allows retrieving the candidate genes in the different species. Once retrieved, a
phylogenetic study is performed to clarify the evolutionary history of the candidate genes and, based
on the phylogeny results, we are developing a pipeline to extract, analyze and identify differentiating
cis-regulatory elements in the gene promotors. Results of promotor analysis are compared between
species having different symbiotic status in order to identify the ones whose origin correlates with the
evolution of the NFN symbiosis.
Delaux, Pierre-Marc, Guru Radhakrishnan, and Giles Oldroyd. 2015. ‘Tracing the Evolutionary Path to Nitrogen-Fixing Crops’.
Current Opinion in Plant Biology 26: 95–99.
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Abstract:
Indole Glucosinolates play important roles in the defense of brassicaceous plants against herbivorous
insects and non-host pathogens. In the past decade, the biochemical basis for structural variation in
Arabidopsis indole glucosinolates has been elucidated. Two gene families, coding for cytochrome P450
monooxygenases of subfamily F (CYP81Fs) and for indole glucosinolate O-methyltransferases (IGMTs)
are responsible for modification reactions at positions 1 and 4 of the indole ring. However, it is not
well understood how the indole glucosinolate modification pathways are organized within the plant.
My PhD project focuses on candidate genes that are co-expressed with CYP81Fs and/or IGMTs to
identify potential organizers of the pathways.
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Abstract:
Genus Allium L. comprises several ecologically and phenologically diverse species mostly belonging to
the Mediterranean section Codonoprasum Reichenb. These species occur in fragmented sensitive
habitats and are usually spring-flowering with some of them showing an autumnal flowering period.
The autumnal group was regarded as diploid and exclusively distributed in the eastern Mediterranean
islands (Crete, Aegean islands and Cyprus) while sparse polypoid species where quoted in the
southwestern Mediterranean region (Italy, France and Spain). The North African representatives of
these taxa remained unexplored and taxonomically controversial. Here we explore the diversity of this
group in Algeria in order to understand its evolutionary history, and its pattern of diversification and
adaptation. Plant material from 40 natural populations of 5 species was sampled in various bioclimatic
sites, and then subjected to sharp taxonomic identification. Multivariate analyses based on 26
morphometric vegetative and floral characters were conducted. Chromosome counting and
karyotyping were performed for each population. Comparative molecular phylogenies covering both
of Algerian and related Mediterranean representatives were conducted based on nuclear ribosomal
ITS1-5.8S-ITS2 rDNA sequences and chloroplast intergenic spacer trnL-trnF and trnD-trnT with
Maximum likelihood method. The field investigations conducted in Algeria emphasize that both diploid
species (A. pallens L., A. paniculatm L. and A. fuscum Waldst. & Kit.) widespread in garrigues, forests
and steppic highlands, when the relictual endemic A. fontanesii Gay is restricted to rocky cracks on the
coastal cliffs and the Tellian Atlas Mountains. In contrast, the tetraploid A. dentiferum Webb & Berthel.
is invasive, colonizing roadside lands and disturbed habitats. Morphological data revealed that leaves,
spathe, stamen filaments and ovary characters represent the main diagnostic traits. Cytogenetic
survey highlights occurrence of diploid and tetraploid cytotypes (2n=16 and 32) with a low asymmetry
indexes values and relatively small karyotype sizes. The intragenomic heterogeneity of ITS sequences
found in the tetraploid A. dentiferum and its phylogenetic relationships within section Codonoprasum
suggest a hybrid/alloplyploid origin of this species, with putative diploid progenitors from A. pallens
and A. paniculatum genotypes. Additionally, the relationships between diploid autumnal species
originating from eastern Mediterranean with the spring-flowering Algerian ones were resolved
indicating a common evolutionary history. Results also highlight the importance of the phylogenetic
approach as an informative and efficient tool for phytoresources management and conservation,
supporting sustainable agricultural development.

Keywords: Algeria, Allium, phylogeny, cytogenetic, polyploidy, section Codonoprasum.
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Abstract:
DELLA proteins are key factors in the regulation of the response to Gibberellic acid (GA), a major
plant hormone involved in several biological processes from the flowering to the symbiosis with
microogranisms. DELLA proteins belong to the GRAS transcription factor family and are characterized
by a DELLA N-terminal and a GRAS C-terminal domains. It is admitted that DELLA activity appears
after the bryophyte divergence and then evolved in the vascular plant lineages. However, there is no
detailed study of the evolutionary dynamics of the DELLA subfamily. Here we present the phylogeny
of DELLA across more than 60 species belonging to various lineages from the algae to the
angiosperms. This revealed the existence of two main duplication events, the first occurring before
the monocots/dicots divergence and the other being specific to the dicots lineage. In addition,
molecular evolution analyses revealed that all codons of the functional domains are under
constrained evolution, even in the DELLA copies presenting important modification of these domains.
Finally, the focus on the Fabaceae DELLA revealed similar evolutionary patterns and selective
pressure, but data from expression analyses suggested a specific role for the different DELLA copies.

Keywords: DELLA, evolutionary history, gene duplication, Fabaceae, molecular evolution
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BAC-FISH has been a very useful tool in complement to more classical comparative genomics
approaches for studying genome organization. However, its application has been limited by the
difficulty in identifying BAC clones that can produce a clear signal on the chromosome without
background. This background is mainly due to repeated sequences, mainly transposable elements that
are present in the genome and thus in many BAC clones. These repeated elements when present in
the BAC used for FISH lead to signals on all chromosome segments where they are present. The
conventional approach of testing BACs individually by hybridization against chromosome plates is
tedious and time-consuming.
In this context, we have developed a bioinformatic approach that exploits a reference sequence
assembly and BAC-end sequences. BAC-end sequences are used to locate BACs on the reference
sequence. Sequences corresponding to BACs are then extracted. NGS data are aligned to these
extracted sequences to identify highly covered regions revealing repeated segments. Based on this
information, BACs with very low level of repeated sequences are selected and used for BAC-FISH.
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Structural variation are pervasive in plants. In maize, thousands of copy number variations
(CNV) have been discovered among the maize genome in the last decades, notably Presence/absence
variation (PAV) of some genomic sequences.
We developed a new genotyping array to genotype PAV in a large set of individuals in order to
explore their contribution to genetic diversity and trait variation in maize.
First we discovered 120 178 PAV from the resequencing data of 3 inbred lines (F2, C103,
PH207) compared to the B73 reference genome. Second, we designed 26M probes in order to be able
to genotype breakpoints as well as the internal sequence of PAV. Among them 662 772 were selected
and used to design an Affymetrix Axiom array. These probes make it possible to genotype 105 927 PAV
sequences from 35bp to 127kbp long. Among these PAV, 25% are deletions and 75% are insertions
regarding to the reference genome of B73. We genotyped these PAV on a collection of 480 lines
representative of maize genetic diversity. A new Affymetrix pipeline was developed to call presence or
absence of a genomic sequence from fluorescence intensity and contrast between probes. We
evaluated the quality of the calling by comparing the expected allele from resequencing data of the 4
lines used for PAV discovery to the observed one from the array. We showed that 72% of the probes
gave consistent results. PAV genotyping was used to analyze the genetic diversity within a core panel
of 20 inbred lines. We showed that PAV well separated these lines according to their genetic group
origin.
These results illustrate the ability of our high throughput genotyping PAV array to genotype accurately
a large number of PAV and their breakpoints on a large and diverse set of maize inbred lines
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Newly formed hybrid plant species have to overcome post-zygotic barriers, i.e., infertility and
competition, for habitats shared with their parental species. Infertility can be overcome by backcross
with closely related species or by whole genome duplication. Cell size generally increases with
genome size and as a result, plant species can show increased xylem diameters and stomatal cell
sizes after genome duplication. If plant stomatal length increases with stomatal guard cell size then
stomatal control might differ between genome duplicated descending species of a hybrid and its
closely related taxa (F1 hybrid and parental species). In consequence, increases in genome size would
mean shifts in the ecological amplitude and environmental requirements.
To test this idea, we will compare stomatal gas exchange rates, photosynthesis rates, stomatal length
and stomatal density under elevated CO2 level of a hexaploid hybrid species (Spartina townsendii H.
& J. Groves) and its allododecaploid descending species (Spartina anglica C.E. Hubbard) that received
a genome duplication. We already observed that stomatal length differed between the species of
investigation. We want to evaluate by means of cell volume reconstruction from microscopic images,
whether stomatal cell volumes increase (scale) allo- or isometrically with increasing genome size. If
cell volume increases allometrically (i.e., with a higher rate than that of cell surface area) with
increases in genome size then in plants with larger genomes, more osmolytes have to be moved per
stomatal cell membrane area to realize comparable stomatal movements. Therefore, we will
compare osmolytes abundance involved in stomatal movement (i.e., mainly K+-ions) in the species of
investigation by means of energy dispersive X-ray spectroscopy (EDXA). With this study, we want to
come closer to answer the question of why some hybrids or their genome-duplicated descendants,
do perform better in natural habitats than their parental taxa although they are related to the same
genome.
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