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Plant genome dynamics: 2. Structural analysis of the genomes
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Hélène BERGES

CNRGV, Castanet-Tolosan, France

Toward a better understanding of plant genomes structure
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Wageningen University, The Netherlands

Incomplete gene fractionation after paleopolyploidy: the first study case in flowering plants
revealed by comparison of Solanaceae species
12h05-12h25

Clément MABIRE

GQE-Le Moulon, Gif-sur-Yvette, France

Genome-wide association study between 60 000 Present/Absent Variants and 29
agronomic traits using a new high throughput genotyping array
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Jean-Marc CELTON
IRHS, Angers, France

The 'Golden Delicious' doubled haploid: a complete genome for genetic and epigenomic
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Karine ALIX

GQE-Le Moulon, Gif-sur-Yvette, France

Remise des prix de la SFG
13h00-13h30

Éric JENCZEWSKI

IJPB, Versailles, France

Discussion, clôture, prochain meeting
13h30

Remise des paniers repas
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Jeudi 7 juillet
SESSION 1
Hybridation, barrières à la reproduction et introgression
Hybridization, reproduction barriers and introgression

Are endosperm-based hybridization barriers evolving as a by-product of
parental conflict?

Lafon-Placette Clément1, Hatorangan Marcelinus1, Stensland Hornslien Karina2, Foteh Ali
Mohammad1, Johannessen Ida Marie2, Cornille Amandine3, Lascoux Martin3, Grini Paul2,
Köhler Claudia1
1

Department of Plant Biology, Swedish University of Agricultural Sciences and Linnean Center of Plant Biology,
Uppsala, Sweden
2
Department of Biosciences, Section for Genetics and Evolutionary Biology, University of Oslo, Oslo, Norway
3
Department of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, Uppsala, Sweden
mailto:clement.lafon.placette@slu.se

Sexual competition and sexual selection are not limited to mating success. In species where the
developing progeny is carried by the mother and where fathers can be multiple (mammals,
angiosperms), male progenitors also compete after fertilization for maternal resources, and will have
increased fitness if able to drive the allocation of such resources to their own progeny. In contrast,
females maximize their reproductive success by distributing resources equally to all developing
progenies. This evolutionary scenario is known as parental conflict theory, or kinship theory. Under
this theory, parental genomes have opposite influences on the nourishing tissue development,
through parent-of-origin gene regulation. In angiosperms, the paternal influence is made possible
thanks to the paternal genome contribution to the endosperm, the nourishing tissue for the embryo.
According to the kinship theory, in populations evolving under a high parental conflict, individuals
will be selected to have a high parental influence, or parental dosage, on endosperm development
while in populations with low parental conflict, the opposite will be expected. If such populations
hybridize, the endosperm of hybrid seeds will experience an imbalance of parental dosage. This
imbalance will impair endosperm development and is often lethal, as shown in hybrid seeds
originated from parents of different ploidy. As a consequence, these two populations will be
reproductively isolated and engage into a speciation process. We tested this hypothesis in Capsella
and Arabidopsis genera. Selfing and outbreeding species experience different levels of parental
conflict and between such species, we could see that hybrid endosperm and seed collapsed as a
consequence of parental dosage imbalance. In addition, a similar lethal dosage imbalance was found
in hybrid endosperm between two outbreeding populations with different levels of genetic diversity.
Genetic diversity is expected to influence parental conflict: the more genetically diverse males, the
more competition and the more genetic divergence between males and females, the more
divergence in reproductive interests between them. Finally, the same pattern was found between
selfing species differing for the time of their transition to selfing (loss of self-incompatibility). These
three examples lead to propose that two main factors, different parental conflict level between two
populations and the time during which this difference has been lasting, determine parental
endosperm dosage and therefore hybrid seed survival. This type of hybridization barrier could then
evolve as a consequence of parental conflict. In parallel, our lab has been studying parent-of-origin
expression in selfing and outbreeding species. The results obtained so far strongly suggest that
parent-of-origin expression, established by transposable elements insertions, evolves in response to
parental conflict as selection pressure.
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Can new, stable karyotypes arise from unbalanced interspecific hybrids?
Mason, Annaliese
Plant Breeding Department, IFZ Centre, Justus Liebig University Giessen, 35392 Germany
Annaliese.mason@agrar.uni-giessen.de

The Brassica genus contains three allopolyploids which each share genomes in common: B. juncea
(2n = AABB), B. napus (2n = AACC) and B. carinata (2n = BBCC). To assess if new, stable karyotypes
and hence possibly speciation could occur as a result of complex genomic interactions in multigenomic interspecific hybrids, pairwise crosses were made between different genotypes of these
three allopolyploids. Subsequent interspecific hybrids had genome complements AABC, BBAC, CCAB
and AAABCC, the latter resulting from unreduced gametes from B. napus (2n = AACC) and reduced
gametes from B. juncea (n = AB). Self-pollination of each of these hybrid types was undertaken with
selection for self-pollinated seed production in each generation. Fertility data (pollen viability and
total seeds per plant), chromosome counts, meiotic observations and molecular marker (SNP)
genotyping were carried out to investigate subsets of these populations. Very low self-pollinated
seed set and pollen viability was observed in AABC and CCAB hybrid types, which failed to produce
true, fertile hybrids past the S1 generation. In contrast BBAC hybrids show very high self-pollinated
seed set, segregating in subsequent generations with production of both highly fertile and sterile
individuals. By the S4 generation chromosome number was generally the same as in the BBAC F1
generation; i.e. two copies of one of the homoeologous chromosomes from the A and C genomes
seemed to be retained in this hybrid type, with very high seed fertility in some lines. AAABCC hybrids
were not as fertile as BBAC types, but persisted into the S3 generation. Segregation for fertile and
sterile plants in AABCC-derived lines was observed, but with generally increasing seed fertility across
generations. These results suggest that hybridisation between allopolyploids which share one of two
genomes in common may result in new, stable chromosome karyotypes, but only if the non-shared
genome is highly homoeologous, or if unreduced gametes are involved in the cross. This may
comprise a cryptic method for hybridization and speciation in nature.

10

Whole genome duplication events and evolution of the self-incompatibility
system are strongly associated within the Brassicaceae
X. Vekemans, L. Henocq, V. Castric and C. Poux
Laboratoire Evo-Eco-Paléo, UMR 8198 CNRS – Université de Lille 1, France
xavier.vekemans@univ-lille1.fr

Recent studies using phylogenetic approaches, mapping of trait evolution, and quantification of
species diversification have shown that transitions from outcrossing to selfing and from diploidy to
polyploidy are associated with large reductions in species diversification rates. However, the joint
evolution of polyploidy and mating system genes has rarely been addressed. We studied the impact
of historical whole genome duplication events on the evolutionary dynamics of the selfincompatibility system in Brassicaceae. A clear signature of strong genetic bottleneck, followed by
allelic re-diversification at the S-locus has been detected in three unrelated groups. In all three cases,
this bottleneck appears to be associated with historical events of polyploidy, i.e. mesopolyploid
events. Detailed analyses of the S-locus genomic region in two cases have revealed common patterns
(deletion of the S-locus in its ancestral position, evolution of a new S-locus at a different genomic
position), as well as striking differences (the genes involved in pollen-pistil recognition at the new Slocus are either orthologous or non-orthologous to the SCR and SRK genes of the ancestral
Brassicaceae). In contrast, most neopolyploid events seem to be accompanied with a loss of selfincompatibility and evolution towards high selfing. These results suggest a scenario with a temporary
loss of self-incompatibility after allopolyploidization, followed by re-establishment of SI in only a few
"lucky" cases allowing them to maintain high species diversification.
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Gene introgression in weeds depends on initial gene location in the crop:
Brassica napus - Raphanus raphanistrum model

Adamczyk-Chauvat K.1, Delaunay S.2, Vannier A.2, François C.2, Thomas G.3, Eber F.2, Lodé
M.2, Gilet M.1, Huteau V.2, Morice J.2, Nègre S.2, Falentin C.2, Coriton O.2, Darmency H.4,
Alrustom B.4, Jenczewski E.3, Rousseau-Gueutin M.2, Chèvre A.M.*2
1

MaIAGE, INRA, Université Paris-Saclay, F-78350 Jouy-en-Josas, France
Institut de Génétique, Environnement et Protection des Plantes, INRA, Agrocampus Ouest, UR1, BP35327, F35653 Le Rheu cedex, France
3
Institut Jean-Pierre Bourgin, INRA, AgroParisTech, CNRS, Université Paris-Saclay, RD10, F-78026 Versailles
Cedex, France
4
Agroécologie, AgroSup Dijon, INRA, Univ. Bourgogne Franche-Comté, F-21000 Dijon, France
Chevre@rennes.inra.fr
2

In order to assess gene flow from a crop to a weed, progenies of intergeneric hybrids between
transgenic oilseed rape varieties (B. napus, AACC, 2n=4x=38) and one of its main weeds, wild radish
(Raphanus raphanistrum, RrRr, 2n=18), were analyzed under field conditions. With selection
pressure, no transgene introgression was detected in wild radish genome, raising the question of the
impact of initial gene location in the crop on gene transfer into a weed. Without selection pressure,
we selected 307 plants with a chromosome number close to that of wild radish in the fifth generation
(G5). Assessment with 105 B.napus specific markers well distributed on the oilseed rape
chromosomes revealed that 49.8% of G5 plants had B. napus markers. From the frequency per
marker (0 to 0.28), 4 classes were defined: group 1 with 75 markers covering ~70% of oilseed rape
genome had a ~null frequency, group 2 with 20 markers revealed 11 genomic regions detected at a
low frequency, group 3 with 8 markers located in 3 genomic regions had a high frequency, whereas
only 2 adjacent markers on A10 were the most frequently detected (group 4). Analyses of plant
progenies belonging to different groups indicated that oilseed rape regions could be introduced
stably into wild radish chromosomes, but with a complex introgression. The fitness of plants depends
on the introgression. New technologies enabling the targeted insertion of transgenes could be used
to select genomic regions that are less susceptible to introgression into the weed genome, thereby
helping to prevent gene flow.
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Using B juncea as a model for uncovering the failure to introgress genes from
other species
Zeeshan Shamim, Eugenio Sanchez-Moran, Susan J Armstrong
School of Biosciences, University of Birmingham, Edgbaston, B15 2TT, UK
zxs344@bham.ac.uk

Polyploidy is thought to be significant in the success of up to 70% of the angiosperms, and is likely to
be important for crops that are used to feed both human and animals. Different genomes combining
in a single nucleus provides an excellent model for studying behaviour of individual genomes for their
survival and expression in polyploid cells. U’s triangle in Brassica genus is potentially good model for
decoding the roots of polyploidy in evolutionary biology. Brassica juncea (AABB) is an allopolyploid
species which came into being by hybridization between Brassica rapa (AA) and Brassica nigra (BB).
This species is important in the sub -continent of India and Pakistan for both animal and human
foods, and we need to be in a position to breed new varieties for the increased population and
potential climate changes over the next years by introgression of novel genes from B.nigra or B. rapa.
At this time it is difficult to succeed in achieving this objective, thus my study is to investigate the
reasons for this barrier. In this species we know very little about role of its progenitors in its
evolution and their individual behaviours in plant development. Meiosis plays an essential role in
maintaining and restoring the ploidy level during life history of sexually reproducing eukaryotes. We
have used a combination of cytogenetics, immunochemistry and FISH analysis to further our
understanding of how meiosis works in these Brassica diploid and tetraploid species. Currently I
have developed a technique for identifying the B genome in a tetraploid background B. juncea and
these results will be reported here. I have also identified a shift in crossover distribution in the
constituent genomes that make up B. juncea compared to the diploid genomes that may be
significant in introgressing genes from the constituent species into this species. In artificially
generated lines, there appears to be a problem with synapsis, leading to infertility. I will discuss these
results in pinpointing the problems associated with introgressing genes from the A and B genome
into these important crops.
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SESSION 2

Dynamique des génomes végétaux : 1. Impact des éléments transposables
Plant genome dynamics: 1. Impact of transposable elements

Transposons as main players of crop genome evolution
Josep M. Casacuberta, sponsored by Annals of Botany

Center for Research in Agricultural Genomics, CRAG (CSIC-IRTA,UAB,UB), Barcelona, Spain

josep.casacuberta@cragenomica.es

Transposable elements (TEs) are major components of all plant genomes, including crops. The impact
of their movement and amplification on genomes has been recognized as one of the main drivers of
plant genome evolution, together with genome doubling and polyploidization (Olsen & Wendel,
2013). TEs can impact genomes in many ways. TE movement can modify the coding capacity or the
regulation of genes. Over the last few years, the examples of TE-related mutations within or close to
genes that are at the origin of new phenotypes, which in some cases have been selected by humans
during crop domestication and breeding, have accumulated. But, on the other hand, TEs can also
modify the structure of genomes, for example expanding the pericentromeric regions, as we have
reported in melon (Sanseverino et al., 2015) and has also been seen in Arabis alpina (Willing et al.,
2015), and this may have important consequences for their evolution.
In this communication I will present recent data from our lab on the impact of TEs in the evolution of
different crop genomes. First, I will present data comparing two Prunus genomes, peach and almond,
which, in spite of being very closely related have had a very different TE dynamics. And second, I will
present data comparing two other related genomes, melon and cucumber, which suggest that, in
addition of being at the origin of an important variability in these species (Sanseverino et al., 2015),
TEs may have influenced the evolution of genes by increasing the TE concentration in certain
genomic regions.
Olsen KM, Wendel JF. 2013. A bountiful harvest: genomic insights into crop domestication
phenotypes. Annual review of plant biology 64: 47–70.
Sanseverino W, Hénaff E, Vives C, Pinosio S, Burgos-Paz W, Morgante M, Ramos-Onsins SE, GarciaMas J, Casacuberta JM. 2015. Transposon insertion, structural variations and SNPs contribute to the
evolution of the melon genome. Molecular biology and evolution 32: 2760–2774.
Willing E-M, Rawat V, Mandáková T, Maumus F, James GV, Nordström KJ V, Becker C, Warthmann N,
Chica C, Szarzynska B, et al. 2015. Genome expansion of Arabis alpina linked with retrotransposition
and reduced symmetric DNA methylation. Nature Plants 1: 14023.
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Uncovering the Arabidopsis mobilome

Leandro Quadrana (1), Amanda Bortolini Silveira (1), George F. Mayhew (2), Chantal LeBlanc (4),
Robert A. Martienssen (3), Jeffrey A. Jeddeloh (2), and Vincent Colot (1)

1- Institut de Biologie de l’Ecole Normale Supérieure (IBENS), Centre National de la Recherche Scientifique
(CNRS), Institut National de la Santé et de la Recherche Médicale (INSERM), Ecole Normale Supérieure, F-75005
Paris, France
2- Roche NimbleGen, Inc, Madison, WI, 53719, USA
3- Howard Hughes Medical Institute-Gordon and Betty Moore Foundation, Watson School of Biological
Sciences, Cold Spring Harbor Laboratory, 1 Bungtown Road, Cold Spring Harbor, NY 11724, USA
4- Department of Molecular, Cellular & Developmental Biology. Yale University. 352A Osborn Memorial
Laboratories. 165 Prospect St, New Haven, CT, 06511, USA
quadrana@biologie.ens.fr

Transposable elements (TEs) are powerful motors of genome evolution yet a comprehensive
assessment of recent transposition activity at the species level is lacking for most organisms. Here,
using genome sequencing data for 211 Arabidopsis thaliana accessions taken from across the globe,
we identify thousands of recent transposition events involving half of the 326 TE families annotated
in this plant species. We further show that the composition and activity of the “mobilome” vary
extensively between accessions in relation to climate and genetic factors. Moreover, TEs insert
equally throughout the genome and are rapidly purged by natural selection from gene-rich regions
because they frequently affect genes, in multiple ways. Remarkably, loci controlling adaptive
responses to the environment are the most frequent transposition targets observed. These findings
demonstrate the pervasive, species-wide impact that a rich mobilome can have and the importance
of transposition as a recurrent generator of rare alleles with large effects.
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Nature and structure of plant centromeres and pericentromeres: moss
genome differs from flowering plants yet transposable elements are essential

Maumus Florian1, Gundlach Heidrun2, Ullrich Kristian3, Vives Cristina4, Lang Daniel3, Piednoël
Mathieu5, Morata Jordi4, Casacuberta Josep4, Rensing Stefan3
1

URGI, INRA, Université Paris-Saclay, Versailles, France
MIPS/IBIS, Helmholtz Center Munich, Germany
3
Plant Cell Biology, Faculty of Biology, University of Marburg, Germany
4
Center for Research in Agricultural Genomics, CRAG, Barcelona, Spain
5
Max Planck Institute for Plant Breeding Research, Köln, Germany
florian.maumus@versailles.inra.fr
2

The genome of the flagship moss, Physcomitrella patens has just been assembled into chromosomes.
This high quality assembly offers an unprecedented opportunity to address the structure and
composition of chromosomes in a basal plant. We have performed a de novo annotation of repetitive
elements in this new assembly and we investigated genome structure and dynamics in the light of
this data. Transposable elements (TEs) contributes over fifty percent of the assembly, Gypsy-type LTR
retrotransposons being largely predominant. Specific Gyspy-type elements appear to be actively
transcribed and responsible for most polymorphisms between two strains. Surprisingly, the
assembled chromosomes lack apparent pericentromeres and instead present an alternation of generich and repeat-rich regions all along the chromosomes, thereby questioning the nature of
centromeres. Nevertheless, the Physcomitrella chromosomes are clearly monocentric as verified by
immunostaining experiments. The centromeres are generally composed of large arrays of satellite
repeats that can be punctuated by TEs. Here, plotting the density of tandem repeats along the
Physcomitrella chromosomes did not allow to identify peaks that could reflect the position of
centromeres. However, we observed a highly unusual distribution of the low abundance Copia-type
elements by presenting discrete density peaks, typically one per assembled chromosome.
Unexpectedly, we noticed that the peak-forming copies lack some of the protein domains that are
essential to their autonomous replication, thereby suggesting that they correspond to a family of
non-autonomous elements. We speculate that these Copia-type elements may be specific
components of centromeres in Physcomitrella that play a role in the core centromere function. Little
is known about the evolution of the nature and structure of centromeres and pericentromeres along
the green lineage and our results suggest that moss differ from flowering plants in these regards.
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Evolution and impact of transposable elements in the Brassicaceae
Maumus Florian, Quesneville Hadi
URGI - Unité de Recherches en Génomique-Info (UR INRA 1164), INRA, Versailles, France
hadi.quesneville@versailles.inra.fr

Little is known about the evolution of the nature and impact of repeated sequences over long
periods of times. The genome of several A. thaliana relatives that diverged approx. 5-40 MYA have
been sequenced: Arabidopsis lyrata, Capsella rubella, Arabis alpina, Brassica rapa, Thellungiella
salsuginea (formerly Thellungiella halophila), and Schrenkiella parvulum (formerly Thellungiella
parvula). As well, the genomes from four other A. thaliana ecotypes have been assembled (Ler-1,
Kro-0, Bur-0, and C24). For all these genomes, we have generated a library of consensus repeat
sequences that we appended to the Col-0 library (the reference A. thaliana genome) in order to
compile a “Brassicaceae” library that was used to annotate the Col-0 genome.
Our Brassicaceae TE annotations cover over 31.8 Mb of the A. thaliana genome and appear to
achieve highly sensitive detection. We found that most of the copies are detected with better scores
by sequences fetched from other Brassicaceae species. When measuring the coverage of TE
annotations attributed to consensus sequences from each species, we found that while Col-0
contributes the largest part (36.8%), A. lyrata and B. rapa contribute as much as 17.5 and 25.8%,
respectively, with modest (below 6.5%) contributions from other species and the pool of non-Col-0 A.
thaliana ecotypes.
The present analysis therefore provides independent evidences supporting the ancient origin of the
A. thaliana repeats as well as the chromosome-level distribution of old versus young copies in this
species. This illustrates the way repeated sequences are composed by mutations towards genomic
dark matter over time. Our results further suggest that their regulation through small RNA-mediated
pathways can last over prolonged periods. We show that a substantial pool of small RNAs
corresponds to old repeats suggesting that repeat sequence divergence is accompanied by a
diversifying population of small RNAs.
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Diversity and evolution of transposable elements in the Arabidopsis lyrata
and A. halleri genomes
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Transposable elements constitute the major part of plant genomes and the proliferation of these
selfish genetic elements is one of the primary determinants of genome size differences among
plants. Their activity has the potential to profoundly alter genome structure as well as patterns of
gene expression, being deleterious in many cases but also contributing to adaptive evolution by the
rapid rewiring of entire regulatory networks. The sequencing of the outcrosser Arabidopsis lyrata [1]
revealed an important population of recently inserted transposable elements that is not observed in
the closely related A. thaliana genome, indicating either more successful recent transpositions in A.
lyrata or more successful elimination of recent TE insertions in the predominant selfer A. thaliana.
The mechanisms that led to this burst remain unclear and may include either lower efficacy of
silencing of TEs and/or lower deleterious effects of TE insertions near genes in A. lyrata than in A.
thaliana.
To answer these questions, we characterized the dynamics of TEs at an even finer micro-evolutionary
scale by comparing the TE contents in two closely related outcrossing species that diverged less than
one million years ago: A. lyrata and A. halleri. Combining long (PacBio) and short (Illumina) reads, we
obtained an A. halleri genome assembly composed of 3,152 scaffolds. Annotation of TEs was
performed in parallel in both genomes to avoid ascertainment bias [2], and confirmed that the
distribution of TE families is very similar for both species, with helitron, line, MuDR and Copia families
being predominant. Based on patterns of sequence divergence within families, we clearly confirmed
that the two separate populations of TEs with either ‘recent’ or ‘old’ insertion histories that had been
identified in A. lyrata were also present in A. halleri. However, using positional information, to
separate orthologous and non-orthologous TEs, we found that a very small minority of TEs occurred
at orthologous positions, as would have been expected if they arose in the common ancestor,
suggesting a very rapid turnover. Overall, our results demonstrate that these two outcrossing species
share a common evolutionary dynamics of TEs, which is very different from that in the selfer A.
thaliana. Yet, the minority of TE at orthologous positions between the two species indicates a very
rapid process of insertion and deletion, such that their two populations of TEs have already become
largely distinct in spite of their recent split. In order to better understand the selective constraints on
the different populations of TEs in these genome, we are currently examining the impact of factors
such as local recombination rate, gene density, chromosomal location, TE length or small RNA
production that could correlate with TE insertions or deletion. We will also measure the strength of
natural selection on TE insertions and deletions by comparing their population frequencies with
those of synonymous polymorphisms.
1. Hu TT, Pattyn P, Bakker EG, Cao J, Cheng J-F, Clark RM, et al. The Arabidopsis lyrata genome
sequence and the basis of rapid genome size change. Nat. Genet. 2011;43:476–81.
2. Flutre T, Duprat E, Feuillet C, Quesneville H. Considering Transposable Element Diversification in
De Novo Annotation Approaches. PLOS ONE. 2011;6:e16526.
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Domestication delayed circadian rhythms in tomato
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The circadian clock is an endogenous timekeeper regulating many important aspects of plant
physiology and development, including key agricultural traits in crop plants. Additionally, natural
variation in circadian rhythms is important for local adaptation. By analyzing circadian leaf
movements of a variety of wild and cultivated tomato accessions we demonstrate that the circadian
clock of cultivated tomato (Solanum lycopersicum) has been slowed down during domestication.
Quantitative trait locus (QTL) analyses revealed that two loci are responsible for this deceleration.
Characterization of these two loci suggests that light signaling has been targeted to achieve a
favorable clock in cultivated tomato. We hypothesize that slower rhythms in cultivated tomato
served this species to increase its performance specifically under long day photoperiods where it is
now commonly cultivated.
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Dead-end trajectory of young triploid apomicts: Can transposable elements
improve their adaptive potential?
Julie Ferreira de Carvalho and Koen J.F. Verhoeven
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Apomixis is defined as the asexual formation of a seed from maternal tissues, circumventing normal
meiosis and fertilization process. This form of asexuality is relatively prevalent in higher plants.
However, just like other forms of asexual reproduction, apomixis is thought to have limited
evolutionary potential leading apomicts to early extinction. Indeed, mutations, transposable
elements (TEs) and other repetitive DNA can accumulate in non-recombining genomic regions.
Nonetheless, TE dynamics may be particularly relevant within asexual lineages. While most
transpositions are deleterious, increasing evidence is hinting at TE-induced mutations with
potentially beneficial gene regulatory effects in non-recombining genomes. Thus far, limited
evidence corroborates the accumulation of TEs in asexually reproducing organisms. This is likely due
to contrasting effects of asexual reproduction on TE dynamics. Indeed, in the short term,
transposition may be increased because epigenetic silencing mechanisms can be compromised
following ploidy change and hybridization often accompanying transition from sexual to apomictic
reproduction. In the long term conversely, clonal lineage selection may maintain benign TEs with low
transposition rates.
To gain better insight into TE dynamics under apomixis, we use the model system Taraxacum
officinale. Derived from sexual diploid ancestors (2n=2x=16) in South-Central Europe, dandelions
from Northern Europe are usually triploid apomicts (2n=3x=24). In previous studies, we observed
transcription divergence driven mainly by TEs and TE-related genes within triploid apomictic lineages;
and detected heritable methylation variation within and between lineages. In this new study, we use
low coverage Illumina genomic sequencing to compare TE content and dynamics within and between
4 sexual populations from France and Czech Republic against 7 apomict populations sampled around
eastern Europe and Sweden. We also integrate genome size and geographical data to better
comprehend the drivers of apomict evolution.
While we explore the dynamic of transposable elements following hybridization and change of ploidy
levels in triploid apomict genomes, we propose hypotheses as how TEs can trigger additional genetic
variation in young apomict lineages. We also discuss the ecological relevance of TEs in contributing to
adaptive potential of natural populations facing changing environments.

20

Evidence of genomic regions under adaptative selection in Yam
(Dioscorea spp)
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Domestication reshapes diversity and understanding the genetic basis of domestication process help
understand the selection. Such studies are only still moderately done in tuber crop. Here we focus on
yam (Dioscorea spp), where three majors’ species were domesticated independently in South
America, West Africa and Asia 5,000 years ago. One of the most important West African cultivated
species, Dioscorea rotundata has two close species with very specific ecological distribution. One is
Dioscorea abyssinica a wild species found in the savanna, the other is Dioscorea praehensilis found in
the forest areas. Cultivated yam distribution covers these two ecological areas and consequently is
found in close proximity with the two wild species. Hybridization between cultivated and the two
wild species was previously documented. This situation offers unique opportunity to study
differentiation between the three groups and to understand what genes was selected during yam
domestication. We analysed a sample of 30 yam accessions from Benin, including 10 cultivated
individuals and 10 individuals from each of its two putative wild parents from the forest and the
savanna. We generated 162 million reads to identify 308840 high quality SNPs corresponding to
23,136 contigs. The genetic clearly distinguished the two wild groups and the cultivated one. We also
identified hybrids between cultivated and the two wild species. Nucleotide diversity was lower for
the cultivated group than the two wild species. We identified outlier contigs candidate for selection
during domestication that show extreme differentiation, significant Tajima’s D statistics and lower
than expected diversity in the cultivated group. We also identified 2502 outlier SNPs using a recently
develop PCA based approaches. Altogether, we identify a set of 998 candidate contigs among witch
81 were identified by a least two methods of selection test. Those 81 candidate contigs were finally
used for testing any Biological Process enrichment test using Fisher exact statistic. The validation of
nine significant genes ontology is still in progress. This study should provide us with a better
understanding of the physiological processes that were selected during the domestication and
adaptation of the cultivated D. rotundata, and should be helpful in identifying genetic targets for
further breeding of yam in tropical regions
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Hybridization, polyploidy and tolerance to stressful environments:
Investigations to decipher Spartina responses to organic pollutants
Cavé-Radet Armand, Salmon Armel, Aïnouche Malika, El Amrani Abdelhak
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Polyploidy, or whole genome duplication (WGD) is one of the major processes in eukaryote
evolutionary history. The “genomic shock” induced by WGD results in numerous changes in the
functional and structural genome dynamics. Such changes are responsible for shifting in gene
expression pathways and may lead to the emergence of new, potentially adaptive, phenotypes.
These last decades, scientists highlighted the ecological success conferred by WGD, through better
fitness, abilities to colonize vacant niches, or tolerance to challenging environments. Unraveling the
impact of WGD in resistance mechanisms to several biotic or abiotic stresses represents now an
emerging research area. In this context, we selected species from the genus Spartina (Poaceae,
Chloridoideae) to decipher the impact of WGD in the establishment of tolerance mechanisms to
organic compounds (xenobiotics). We specifically focused on PAH (Polycyclic Aromatic
Hydrocarbons), because of their harmful impact on natural ecosystems and human health.
Spartina species are salt marsh or inland plants characterized by recurrent hybridization and genome
duplication (polyploidization) events. Recent speciation events (over the last 150 years) in this genus
represent excellent models for studying the short term consequences of polyploidy. Here, three
species were considered: the hexaploid parental species S. maritima and S. alterniflora and their
allododecaploid derivative S. anglica, which resulted from genome doubling of the homoploid hybrid
(S. x townsendii) during the end of the 19th century.
In this work, comparative analyses were performed between parental species and the allopolyploid
S. anglica under phenanthrene (model PAH) induced stress. We first focused on plant physiology by
measuring photosynthesis capacities, oxidative stress markers, phenanthrene contents and
compartmentalization in leaf tissues. Preliminary results reveal higher tolerance to phenanthrene in
S. anglica compared to its parental species. Moreover, candidate genes involved in xenobiotic
tolerance mechanisms (the xenome), previously identified in A. thaliana were investigated in
Spartina. A set of GST (Glutathione-S-transferases) related genes were selected to analyze their
expression pathways under control and stressful conditions by phenanthrene. Differences in
expression levels were found between species.
Further analyses including F1 homoploid hybrids are currently under investigation, in order to
decipher the impact of heterosis compared to genome doubling per se. Moreover, small RNA
sequencing is ongoing for studying Spartina responses and putative regulation to PAH stress.
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Pathogen infection and meiotic recombination in plants
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Plants are continuously exposed to biotic stresses and have in turn developed resistance strategies to
counteract pathogen attack. One of these mechanisms is based on resistance proteins (R) encoded
by the plant genome, that specifically recognize pathogen effectors. The major class of R genes is
constituted by NB-LRR genes. Most of them are organized in gene clusters that could favor sequence
exchange between NB-LRR genes. This could contribute to R gene evolution dynamics.
Recently, several publications have suggested the existence of a Systemic Recombination Signal (SRS)
that propagates in plant tissues after a pathogen infection and is associated with an increase of
genomic instability in somatic cells in uninfected tissues. Moreover, in progeny of infected Tobacco, a
higher frequency of chromosomal rearrangements has been described at loci that present homology
with the N-gene LRR region. These scarce data suggest the existence of a link between the
perception of a biotic stress and the production of genetic diversity.
In order to test if pathogen infection can increase DNA recombination in MEIOTIC cells, and
particularly at NB-LRR loci, we used Fluorescent Tagged Lines of Arabidopsis. We measured the
meiotic recombination rate in two regions of chromosome 5 after infection with the bacteria
Pseudomonas syringae: in one interval containing a R-gene cluster and in one without. In both
intervals, we have showed no significant difference of genetic recombination frequency between
infected- and mock- inoculated plants.
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Interspecific hybridization, polyploidy and evolution of orthologous gene
expression in Spartina species
Giraud Delphine, Boutte Julien, Rousseau-Gueutin Mathieu, Aïnouche Malika, Salmon Armel

UMR CNRS 6553, ECOBIO (Ecosystèmes, Biodiversité, Evolution) Université de Rennes 1, Campus de Beaulieu,
35052 Rennes
armel.salmon@univ-rennes1.fr

Polyploidy is a speciation process that appeared frequently during the evolutionary history of
eukaryotes. This immediate genome duplication induces many structural et functional genome
modification in newly formed species. This genome dynamic is interesting to study in particular in
allopolyploids where two sub-genomes of different species coexist in the same cell. In order to
understand the evolutionary success of polyploids, we are interested in gene expression
modifications in neopolyploid Spartina species (Poaceae, Chloridoideae). The Spartina genus
presents well-documented events of reticulate and polyploid speciations. This genus evolved in two
polyploid lineages (a tetraploid and a hexaploid clade), and contains many interspecific hybridations
within and between these lineages forming new species. Of special interest is the recent (during the
XIXth century) hybridizations between the two hexaploid species S. alterniflora (2n=6x=62) and S.
maritima (2n=6x=60) which formed two hybrids: S. x townsendii (2n=6x=62) in England and S. x
neyrautii (2n=6x=62) in France. Whole genome duplication of the british hybrid gave rise to the
allododecaploid S. anglica (2n=12x=124) which since its formation colonized and invaded many salt
marshes on different continents.
To understand the gene expression consequences of both interspecific hybridization and genome
duplication we set up a RNA-Seq experiment of these five species of interest. Putative orthologs in
hybrids and polyploid species (homoeologs) were in silico analysed by first detecting haplotypes in
these high-ploidy level species using the Illuhaplotyper pipeline and then and by identifying the
parental origin of the detected copies in species of hybrid (S. x townsendii, S. x neyrautii and S.
anglica). Comparisons of homologous gene expression levels between species were then made by
considering 1) the overall expression of pooled homeologs and 2) detected haplotypes.
Preliminary analyses reveal an important number of non-additively expressed genes in hybrids. As
shown in other studies, expression-level dominance of maternal sub-genome and transgressive
expression of genes is also observed. The use of functional annotations of the differentially
expressed genes should allow the search for metabolic pathways specifically altered following
hybridization and polyploïdisation events.
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Homeologous copies of MSH4: double or nothing
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Whole genome duplication (WGD) is a mayor event over the evolutionary history of most of
important crops. Allopolyploids, like Brassica napus, were formed by duplication of a whole hybrid
genome, resulting in two distinct, but closely related, homeologous chromosome sets; termed as A
and C. Homeologous duplicated copies of meiotic genes are often functionally redundant and they
tend toward progressive loss. By using a collection of B. napus TILLING mutants, we are getting
insights about the destiny of the two homologous copies of the meiotic gene MSH4, essential for the
main crossover (CO) pathway, Class I. We found that the copies A and C of MSH4 complement each
other and both are functional the same though there is a strong expression bias towards the C copy.
However, we observed that the depletion of both copies of MSH4 does lead to a strong phenotype of
Class I CO pathway abolishment, never reported before in a polyploid organism. Immunolocalization
experiments and transcript analysis argues for a total suppression of MSH4 function. We also studied
an msh4 mutant in the diploid relative B. rapa. Surprisingly, we found in both Brassica species that
the number of MSH4-independent CO is the highest described in plants until date.
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Insight into the mosaic structure of cultivated banana genomes
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Cultivated bananas are derived from hybridization events between Musa species and subspecies that
differentiated in various regions and archipelagos in South-East Asia. These hybridizations generated
diploid and triploid inter(sub)specific hybrids with impaired fertility. Some of them, having seedless
parthenocarpic fruits, were selected by humans and further dispersed through vegetative
propagation. The genomes of these cultivated bananas are expected to have gone through few
rounds of recombination and to be organized in a mosaic of large blocks of sequences from different
ancestral origins.
To characterize mosaic genome structures of diploid bananas, we generated a set of SNPs from
RNAseq data. We applied multivariate (COA) and SNP clustering approaches to assign alleles to
ancestral banana groups. Grouped alleles were then used to infer the ancestral origin of genomic
regions for the selected diploid bananas.
First results identified relatively simple mosaic structures for accessions resulting from two ancestral
groups as well as more complex patterns involving more than two ancestors. In addition, at least one
ancestral contributor to the studied cultivated bananas is still to be determined. Deciphering the
mosaic structure of these genomes will improve our understanding of banana domestication, and
help banana breeding programs in their strategies to reconstruct improved disease resistant hybrids.
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Homeologous exchanges drive differential gene expression in an allopolyploid
crop
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Structural variants are a major source of genetic diversity in plants. Among them, copy number
variants are thought to impact phenotypes whenever they result in the deletion or duplication of
essential dosage-sensitive genes. In allopolyploids species, accumulating evidence suggests that large
homeologous exchanges (HE) are commonplace. HEs result in the replacement of one chromosomal
region with a duplicate of the corresponding homeologous region.
In this study, we first re-assessed the nature and structure of fixed HEs in two representative
cultivars of B. napus and provided evidence for a newly formed HE segregating in one of them. We
then used a tissue-specific mRNA-seq dataset to evaluate the extent to which variation in gene copy
number correlates with gene expression change and to test whether HE drives differential gene
expression between these two cultivars.
Overall we observed a linear increase of gene expression following gene copy number with only a
few genes escaping this general trend. This reflected on the differential expression analysis as HEs
defined clusters of genes showing expression bias towards one of the genotypes. We did not detect
these clusters of differentially expressed genes when considering gene expression as the sum of the
homeologous copies, suggesting an overall buffering effect in these regions. However we found no
evidence for an immediate active readjustment of the total expression following an HE when there is
a bias in expression towards one homoeologous copy. This analysis shed light on the origins, timing
and functional consequences of HE not only in B. napus but also in other allopolyploids.
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How can we differentiate the two subgenomes when sequencing an
allotetraploid? Case study of the Coffea arabica genome
Alexandre de Kochko, Dominique Crouzillat and the ACGC – 17 countries, 17
Institutions, 51 researchers.
Evolution du Génome des Caféiers, UMR DIADE, Centre IRD de Montpellier, BP 64501
34394 Montpellier Cedex 5
alexandre.dekochko@ird.fr

Coffea arabica is a recent allotetraploid resulting from a spontaneous cross between two
diploid ancestors, C. canephora, also known as Robusta, and a wild East African species C.
eugenioides. An international consortium, the Arabica Coffee Genome Consortium (ACGC)
undertook the sequencing and assembly of the C. arabica genome with a size of circa 1.3Gb. The use
of long and short reads technologies lead to an assembled genome of 1. Gb which represents
xx% of the estimated size. In parallel, the genome of both ancestors was also performed using
the PacBio technology. A robust assembly for both genomes was obtained. The main challenge
when assembling an allotetraploid genome is to be able to differentiate both subgenomes and to
assign each contig to one or the other parental genome. In order to meet this challenge we are
developing several complementary approaches:
Anchoring on saturated genetic maps
Functional synteny
Full length transcript sequencing (IsoSeq)
SNPs calling
Whole genome mapping with the Yris System (Bionano)
Use of specific transposable elements.
Identifying both subgenomes will allow us to evaluate eventual chromosome rearrangements and
structural modifications induced by the polyploidization event.

28

SESSION 5

Dynamique des génomes végétaux : 2. Analyse structurale des génomes
Plant genome dynamics: 2. Structural analysis of the genomes

Toward a better understanding of plant genomes structure
Céline CHANTRY-DARMON, Céline JEZIORSKI, Nathalie RODDE, Stéphane CAUET, Arnaud
BELLEC, Sonia VAUTRIN and Hélène BERGES
INRA – CNRGV, 24 Chemin de Borde Rouge – Auzeville, CS 52627, 31326 Castanet Tolosan Cedex, France
Helene.Berges@toulouse.inra.fr

Agricultural research must deal with major issues on various scales, in the light of the changing
climatic and demographic evolution, where energy resources are limited. In this context, better
understanding how plants evolve and adapt is a major goal. Genome exploration is one of the
strategic approaches to tackle the various scientific questions that arise from that. Despite the
revolution of the Next Generation Sequencing technologies including the technology allowing long
reads, the study of plant genomes remains challenging due to their high complexity: size, polyploidy
and the high percentage of repetitive elements.
Dedicated to assist plant genome research programs, the French Plant Genomic Center (CNRGV)
holds more than 20 million genomic samples from model and crop plants. The CNRGV is actively
involved in the plant genomic effort by producing new resources as well as developing innovative
molecular tools for the international scientific community. In order to have a better understanding of
plant genomes the CNRGV has invested in an Irys® Instrument from BioNano Genomics. This Optical
Mapping technology is based on direct visualization of long DNA molecules labeled on specific
sequences patterns. It allows the rapid construction of physical whole genome maps. These tools are
very helpful for genome assembly of complex genomes and comparison of structural variation in
different genotypes. This technology by giving an overview of the genome structure and variations
will be an important tool to study plants genome dynamics and evolution.
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flowering plants revealed by comparison of Solanaceae species
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Polyploidy events, or whole genome duplications, have had a strong impact on land plant
diversification, adaptation and speciation. Genomic investigations have found that polyploidy is
ubiquitous among angiosperms and have identified independent lineage-specific ancient polyploidy
events. While most paleopolyploidy events are ancient genome doublings, there are few important
examples of ancient triplications. Among these we can cite the gamma polyploidy event near the
origin of Eudicots. Traces of these ancient polyploidy events, or paleopolyploidy events, can still be
identified although duplication events are followed by massive gene loss (fractionation) and
chromosomal structural rearrangements.
In this study we took advantage of the sequencing of the genome of Petunia axillaris N to study
paleopolyploidy and gene fractionation in the evolutionary context of radiation due to the unique
phylogenetic location of Petunia in the Solanaceae family. We used the comparative genomic
platform, CoGe, to perform whole genome collinearity analysis and microsynteny analysis.
Our study confirms the previously inferred Solanaceae paleohexaploidy event. We also demonstrate
that the Petunia lineage has experienced at least two rounds of paleohexapolyploidization, the older
gamma hexaploidy event, which is shared with other Eudicots, and the more recent Solanaceae
paleohexaploidy event that is shared with tomato and other Solanaceae species. Despite the shared
paleohexaploidy event, we found that the process of gene fractionation is less profound in Petunia
compared to tomato. This indicates that fractionation of gene content was not complete when these
lineages diverged and independent gene loss events may have contributed to the speciation of the
lineages, similar to what has been observed in Saccharomyces yeasts but so far not shown in
flowering plants.
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Large extent of Copy Number Variants (CNV), i.e changes in the copy number of genes between
individuals, have been recently highlighted in maize using Comparative Genomic Hybridization array
or massive parallel sequencing. However, their contribution to genetic diversity and to traits variation
remains mostly unknown since these technologies are very expensive and labor demanding.
To address these issues, we developed an original approach based on Affymetrix Axiom technology,
to genotype an extreme form of CNV called Present Absent Variant (PAV) in maize. PAV was defined
as DNA sequence >1kbp that is present in some individuals but absent from others.
Using our high throughtput genotyping array, we genotyped 60 026 PAV on 356 inbred lines from an
association panel representing worldwide maize genetic diversity. This panel has been previously
genotyped using 50k SNP Illumina Infinium array and phenotyped for 29 agronomic traits related to
yield, phenology and plant architecture. We analyzed and compared how PAV and SNP
polymorphisms were globally structured in these panel by analyzing relatedness and genetic
structuration. We observed that genetic structuration and relatedness obtained using PAV were
globally similar to those obtained with SNP. We analyzed extent of linkage disequilibrium (LD)
between SNP and PAV. We observed that LD were less extended between PAV and SNP than between
SNP suggesting that the effect of these polymorphisms on traits could be not easily captured by
linkage disequilibrium with SNP from 50K array. We performed a genome wide association study on
29 agronomic traits and identified several PAV significantly associated with different agronomic traits.
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The 'Golden Delicious' doubled haploid: a complete genome for genetic and
epigenomic studies
Nicolas Daccord, Jean-Marc Celton*, Elio Schlijen, Claude Becker, Hadi Quesneville and Etienne
Bucher
*IRHS, Angers, France

jean-marc.celton@angers.inra.fr

The main aim of this project is to better understand the contribution of epigenetic regulation of gene
expression to the development of important traits in apple (Malus x domestica borkh.). Apple is an
ideal subject to study epigenetic effects, because clones of the same individual have been grafted
over long periods of time. In these presumably isogenic populations, various phenotypic variations
have been observed. However, in order to be able to study epigenetics a high quality reference
genome with a good TE annotation is crucial. For that purpose we have decided to re-sequence the
apple genome using a doubled haploid (DH) derivative of 'Golden Delicious'. The advantage of using a
DH is that the plant is completely homozygous which greatly reduces the complexity of the genome
to be assembled and analyzed. Using a mix of the most recent technologies available (Illumina,
PacBio and Bionano), we have begun to assemble this complex genome. Here we will report on the
latest updates concerning the development of a new reference genome for apple that will be very
helpful for the whole community.
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Interconnection between genome and methylome variation in maize

Zeineb ACHOUR1, Sara CASTELLETTI1, Jean-Philippe PICHON2, Johann JOETS1, Magalie
LEVEUGLE2, Agnès ROUSSELET1, Clémentine VITTE1
1

UMR GQE - Ferme du Moulon, 91190 Gif-sur-Yvette, France
BIOGEMMA, 63720 CHAPPES, FRANCE
Zeineb.achour@moulon.inra.fr
2

One of the major roles of the epigenome is to regulate expression of the genome, thus turning
stocked genetic information into functionally organized information. To a large extent, local
epigenomic states are dictated by local genomic content. For this reason, structural changes of the
genome, such as duplications, deletions or insertions are likely to modify the epigenome. In addition,
while this regulation is well controlled, spreading outside of the targeted features can occur, thus
modifying chromatin state of the surrounding regions. Such cases have been described, but the
extent to which the genome and the epigenome are interconnected still needs to be decoded, in
particular in complex plant genomes.
Our work focuses on understanding the link between genome variation and DNA methylation
variation in maize, a plant with a large genome (2.3 Gb) with traces of ancient polyploidy and high
transposable element content. For this, we use DNA sequencing and bisulfite-seq data to
characterize and co-analyze genomic structural variation and DNA methylation variation in maize
inbred lines representing temperate maize diversity. This provides insights into the genomic features
in which DNA methylation occurs, and the extent to which DNA methylation is linked to structural
variation.
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Analysis of genetic diversity and structure of B. rapa accessions from Algeria

Aïssiou F1, Falentin C2, Laperche A2, Abrous O1, Chèvre AM2, Hadj-Arab H1
1
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2
INRA-UMR IGEPP - Domaine de la Motte, BP 35327 - F - 35653 Le Rheu cedex - France, 35653 Rennes, France.
biofella@hotmail.fr

Brassica rapa is an economically important species with a high agronomic potential. As B. rapa is one
of the parental species that contributed to B. napus, its value is increasing due to its wide genetic
variability that can be used to improve the genetic diversity of B. napus. In Algeria, B. rapa is
represented by many cultivated and spontaneous forms. In the present study, 69 microsatellite
markers were used to assess the genetic variation of wild and cultivated accessions from Algeria,
Europe and Asia. The 69 microsatellite markers allowed the detection of 723 alleles with an average
of 10 alleles per marker. Population structure analysis revealed three groups; the first contains the
Algerian wild accessions of B. rapa, the second includes populations from Algerian cultivated
accessions, this group is close to populations of Brassica napus and populations of B. rapa subsp.
trilocularis and B. rapa var. rapifera. The third group includes accessions from Europe and Asia. The
obtained data can be used for defining a B. rapa Algerian collection useful for further investigations
for agronomic traits.
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Evidence of genomic regions under adaptative selection in Yam
(Dioscorea spp)

R. Akakpo1,2,3 ; N. Scarcelli1; G. Djedatin3; H. Chaïr4, A. Dansi3; Karine Alix2 ; Y. Vigouroux1
1
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3
Faculté des Sciences et Techniques de Dassa, BP 14 Dassa-Bénin
4
UMR AGAP, TA A-108/03 - Avenue Agropolis - 34398 Montpellier Cedex 5.
roland.akakpo@ird.fr
2

Domestication reshapes diversity and understanding the genetic basis of domestication process help
understand the selection. Such studies are only still moderately done in tuber crop. Here we focus on
yam (Dioscorea spp), where three majors’ species were domesticated independently in South
America, West Africa and Asia 5,000 years ago. One of the most important West African cultivated
species, Dioscorea rotundata has two close species with very specific ecological distribution. One is
Dioscorea abyssinica a wild species found in the savanna, the other is Dioscorea praehensilis found in
the forest areas. Cultivated yam distribution covers these two ecological areas and consequently is
found in close proximity with the two wild species. Hybridization between cultivated and the two
wild species was previously documented. This situation offers unique opportunity to study
differentiation between the three groups and to understand what genes was selected during yam
domestication. We analysed a sample of 30 yam accessions from Benin, including 10 cultivated
individuals and 10 individuals from each of its two putative wild parents from the forest and the
savanna. We generated 162 million reads to identify 308840 high quality SNPs corresponding to
23,136 contigs. The genetic clearly distinguished the two wild groups and the cultivated one. We also
identified hybrids between cultivated and the two wild species. Nucleotide diversity was lower for
the cultivated group than the two wild species. We identified outlier contigs candidate for selection
during domestication that show extreme differentiation, significant Tajima’s D statistics and lower
than expected diversity in the cultivated group. We also identified 2502 outlier SNPs using a recently
develop PCA based approaches. Altogether, we identify a set of 998 candidate contigs among witch
81 were identified by a least two methods of selection test. Those 81 candidate contigs were finally
used for testing any Biological Process enrichment test using Fisher exact statistic. The validation of
nine significant genes ontology is still in progress. This study should provide us with a better
understanding of the physiological processes that were selected during the domestication and
adaptation of the cultivated D. rotundata, and should be helpful in identifying genetic targets for
further breeding of yam in tropical regions

37

Sequence analysis of European maize inbred line FV2 provides new insights
into molecular and chromosomal characteristics of Presence/Absence
Variants

Aude Darracq1§, Clémentine Vitte1§, Stéphane Nicolas1, Jorge Duarte2, Jean-Philippe Pichon2,
Julie Aubert3, Xiaoqiang Wang3£, Tristan Mary-Huard1,3, Céline Chevalier1, Alain Charcosset1,
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Maize genetic variation has long been analyzed using molecular or by sequence comparison of
selected orthologous regions. These studies revealed an exceptional structural diversity, including
copy number variants (CNV) and presence/absence variants (PAV). Analysis of this structural
variation has recently been extended at the whole genome scale [1-3]. However, maize structural
variation has been characterized mainly for American lines and a few Chinese lines, and very little is
known about its extent in the European germplasm [3-5] . To extend the diversity addressed for
structural variation, we genome sequenced the French maize FV2 inbred line, which played a key role
in European breeding programs over the past 50 years.
Using de novo assembly, we identified More than 10,000 regions that are present in the FV2 genome
and absent from the reference B73 genome. These regions cover 87 Mb of genomic sequence, are
mainly low-copy and contain 395 new coding-genes. RNAseq analysis of these genes on 12 tissues
revealed a potential role in maize adaptation. A new method for PAV-typing was devised and applied
to a panel of 25 maize lines. Analysis of LD within FV2-specific regions and in flanking regions
suggests that PAV sequences have low historical recombination.
Our analysis provides new insights into maize genome evolution, structure and function. It highlights
how PAVs participated in shaping maize European/American germplasm diversity, and suggests a
role of PAVs in maize adaptation.
1. Springer NM, Ying K, Fu Y, Ji T, Yeh CT, Jia Y, et al.. Maize inbreds exhibit high levels of copy
number variation (CNV) and presence/absence variation (PAV) in genome content. PLoS Genet.
2009;5:e1000734.
2. Beló A, Beatty MK, Hondred D, Fengler KA, Li B, Rafalski A. Allelic genome structural variations in
maize detected by array comparative genome hybridization. Theor Appl Genet. 2010;120:355-67.
3. Lai J, Li R, Xu X, Jin W, Xu M, Zhao H, et al.. Genome-wide patterns of genetic variation among elite
maize inbred lines. Nat Genet. 2010;42:1027-30.
4. Swanson-Wagner RA, Eichten SR, Kumari S, Tiffin P, Stein JC, Ware D, Springer NM. Pervasive gene
content variation and copy number variation in maize and its undomesticated progenitor. Genome
Res. 2010;20:1689-99.
5. Lu F, Romay MC, Glaubitz JC, Bradbury PJ, Elshire RJ, Wang T, et al.. High-resolution genetic
mapping of maize pan-genome sequence anchors. Nat Commun. 2015;6:6914.
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Divo, a new LTR-Retrotransposons family in Coffee genomes
Dupeyron M.1,2, Hamon P.1, De Kochko A.1, Crouzillat D.3, Hamon S.1 and Guyot, R.2
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3
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LTR-retrotransposons (LTR-RTs) are omnipresent components of plant genomes. Numerous lineages
and families have been described leading to a well-established classification of elements. This
profusion of LTR-RTs sequences and structures were enriched with the recent discovery of nonautonomous element structures, such as LARDS, TRIM and TR-GAG1. With the availability of the
bioinformatics tools dedicated to the LTR-RTs identification and analysis, it became reasonable to
performed annotation of such transposable elements at whole-genome scale. Here during the
process of Coffee genomes annotation2,3, we described a novel family of Copia LTR-RT called Divo,
belonging to the Bianca lineage. Divos are complete and relatively short elements (≈ 5kb) carrying
typical GAG and Pol Copia domains. However, Reverse Trancriptase (RT) and Integrase (INT) domainbased on phylogenetic analysis demonstrated that Divo, in the Bianca lineage, forms a new and wellsupported family. So far, Divo was only found in Dicotyledonous plant genomes. In coffee trees, as
well as in Arabidopsis and grapevine, Divo was present in relatively low copy numbers, but in Coffee,
the presence of recently inserted and complete copies and the detection of RNAseq transcription
suggest that Divo might be active. It also could present a different evolution between C. arabica, the
only allotetraploid genome, and its two diploid progenitors, C. canephora and C. eugenioides.
Altogether our results indicate that Divo is a novel Copia LTR-RTs family, ubiquitous in plant genomes
and can highlight evolutionary events in Coffee genomes.
1 – Chaparro C. et al. (2015). Terminal-Repeat Retrotransposons with GAG Domain in Plant Genomes:
A New Testimony on the Complex World of Transposable Elements. Genome Biology and Evolution
7(2) :493-504.
2 – Denœud F. et al. (2014). The coffee genome provides insight into the convergent evolution of
caffein biosynthesis. Science 345(6201):1181-1184.
3 – Arabica Coffee Genome Consortium (ACGC).
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Homeologous copies of MSH4: double or nothing
Adrian Gonzalo, Catherine Carpentier, Éric Jenczewski
Laboratory address (calibri, 10 points, Italics) INRA, UMR1318, Institut Jean-Pierre Bourgin, RD10, F-78000
Versailles, France
agonzalo@versailles.inra.fr

Whole genome duplication (WGD) is a mayor event over the evolutionary history of most of
important crops. Allopolyploids, like Brassica napus, were form by duplication of a whole hybrid
genome, resulting in two distinct, but closely related, homeologous chromosome sets; termed as A
and C. Homeologous duplicated copies of meiotic genes are often functionally redundant and they
tend toward progressive loss. By using a collection of B. napus TILLING mutants, we are getting
insights about the destiny of the two homologous copies of the meiotic gene MSH4, essential for the
main crossover (CO) pathway, Class I. We found that the copies A and C of MSH4 complement each
other and both are functional the same despite there is a strong expression bias towards the C copy.
However, we observed that the depletion of both copies of MSH4 does leads to a strong phenotype
of Class I CO pathway abolishment, never reported before in a polyploid organism.
Immunolocalization experiments and transcript analysis argues for a total suppression of MSH4
function. We also studied a msh4 mutant in the diploid relative B. rapa. Surprisingly, we found in
both Brassica species that the number of MSH4-independient CO is the highest described in plants
until date.
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Polyploidy and hybridization in paleoendemic species of the genus Ramonda
(Gesneriaceae)
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Genus Ramonda comprises three paleoendemic species, tertiary relicts that survived in refugial
habitats of the Balkan (R. nathaliae and R. serbica) and Iberian (R. myconi) Peninsulas. All three
species inhabit similar type of habitats, such are calcareous rocky slopes in canyons, gorges or steep
mountain sides and they are all “resurrection plants”, a rare phenomenon among flowering plants in
Europe.
Detailed cytogenetic analyses showed that R. myconi and R. nathaliae are diploids or diploidized
paleopolyploids (2n=2x=48) while R. serbica is a hexaploid (2n=6x=144). Ramonda myconi and R.
serbica share similar monoploid genome size (1Cx=1.30 pg and 1Cx = 1.32 pg, respectively) compared
to R. nathaliae (1Cx = 1.16 pg) raising questions about the ancient relations between three species
(Siljak-Yakovlev et al. 2008). Furthermore, these analyses revealed frequent hybridization events in
only two sympatric populations of R. nathaliae and R. serbica situated in SE Serbia. Mostly tetraploid
hybrid individuals (2n=4x=96) are characterized by usually intermediate genome size, heterogeneous
pollen grains, and small, mostly sterile seeds (Lazarević et al. 2013). However, discovering of other
ploidy levels together with difficulties in morhological distingushing of hybrids from parental species
(Lazarević et al. 2014), imply that even more complicated processes took place.
On the basis of molecular AFLP analyses, both Ramonda species from the Balkan Peninsula are
characterized by small genetic diversity, with higher variability within than among populations.
Molecular analyses focused on sympatric populations have shown the possibility of back crossing,
probable limitation of recombination to certain regions of genome as well as autoployploidisation. All
these results point to polyploidization as a major evolutionary mechanism in the genus Ramonda and
complicated and unpredictable inheritance in hybrid individuals, opening questions about ecological
and evolutionary consequences of these processes in the genus Ramonda.
Siljak–Yakovlev, S., Stevanovic, V., Tomasevic, M., Brown, S. C., Stevanovic, B. 2008. Environmental
and Experimental Botany 62: 101–112.
Lazarević, M., Siljak-Yakovlev, S., Lazarević, P., Stevanović, B., Stevanović, V. 2013. Turkish Journal of
Botany 37(5): 872-885.
Lazarević, M., Rakić, T., Šinžar-Sekulić, J. 2014. Botanica Serbica 38 (1): 91-98.
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Characterization of the dynamics of expression of the AGO1 gene and miR168
during the formation of Brassica neo-allotetraploids
LUONG Ai My, REMOUE Carine, FALQUE Matthieu, BRABANT Philippe, and ALIX Karine

GQE – Le Moulon, INRA, Univ. Paris-Sud, CNRS, AgroParisTech, Université Paris-Saclay, 91190 Gif-sur-Yvette,
France.
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In our laboratory, we use the Brassica napus model (AACC, 2n=38) to add to our knowledge of the
evolutionary success of allopolyploidy that has marked the evolution of eukaryotes and notably of
plants. To characterize the molecular mechanisms at the origins of a new allopolyploidisation event,
we analyze resynthesized Brassica allotetraploids (coll. A.-M. Chèvre, INRA Rennes) that represent a
highly valuable plant material to follow the genomic changes occurring during the formation of the
neo-polyploids in comparison with the diploid progenitors B. rapa (AA, 2n=20) and B. oleracea (CC,
2n=18). In the present study, we completed previous results that have demonstrated the
mobilization of small non coding RNAs immediately after allopolyploidization, supporting the model
of a PTGS-to-TGS shift involved in the control of reactivated components of the genome like
transposable elements (Martinez Palacios et al. in prep.). We have thus characterized the dynamics
of expression of the AGO1 gene and the microRNA miR168 that represent the central molecular
actors of the PTGS pathway, in order to validate our model.
First, we performed the bioanalysis of all the copies of the AGO1 gene present in Brassica genomes
to identify and characterize any duplicate retention of the AGO1 gene copies during the evolution of
the Brassica genome. We then characterized the dynamics of expression of the AGO1 gene and its
regulatory partner miR168 along the allopolyploidisation event (represented by the F1 hybrids, the
S0, S1, S3 and S5 allotetraploids in comparison with the diploid progenitors), by developing
quantitative RT-PCR analysis.
Our main conclusion is that the sRNA-based regulation of reactivated TEs, EVEs and other
heterochromatic sequences depicted during the formation of the Brassica neo-allotetraploids, and
the one that has been well characterized during viral attacks share similar mechanisms that are in
accordance with the characterization of the expression dynamics of AGO1 and miR168 we have
made during the present study.
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Genome mixing and transposable element-related structural changes in
Nicotiana allotetraploids
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As a result of hybridization between divergent genomes associated with chromosome set doubling,
allopolyploid genomes may undergo a wide range of structural, epigenetic and functional changes
through their formation, involving transposable elements (TEs). These major components of plant
genomes may play a key role in the genetic and functional modifications produced during the
allopolyploidy process.
We assessed the extent of genomic changes associated with TEs in three recent allopolyploid species
of the Nicotiana genus : N. rustica, N. arentsii and N. tabacum (tobacco), for which it is possible to
create de novo synthetic hybrids from the extant accessions of parental species. To unravel the
extent of TE-associated structural changes, we performed comparative analysis of SSAP (SequenceSpecific Amplification Polymorphism) profiles obtained for six different endogenous TE populations
in both natural and synthetic accessions as well as their diploid progenitors. In natural young
Nicotiana allopolyploids, each TE family displays a specific evolutionary trajectory. The loss of
parental bands is the main event recorded, and levels of new bands roughly reflect what is known
about the dynamics of each TE. TE divergence between progenitors is also strongly correlated with
TE-associated restructuring levels, in agreement with the Barbara McClintock’s genome shock model.
In Nicotiana synthetic hybrids, we observed mainly additive profile as expected but also some TErelated genomic restructuring in F1 hybrids, indicative of TE-associated genome reorganization at
early hybridization steps.
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Genotyping By Sequencing reveals the interspecific C. maxima / C. reticulata
mosaic genomes of modern mandarins and mandarin hybrids.
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Mandarin horticultural group is an important component of the world citrus production for the fresh
fruit market. Mandarin group is highly polymorphic and, in our recent molecular studies, all
cultivated mandarins analyzed displayed introgression of C. maxima in a genomic background of C.
reticulata (Wu et al., 2014; Curk et al., 2015). C. maxima and C. reticulata are also the ancestors of
sweet oranges, sour oranges, grapefruits (Wu et al; 2014, Curk et al., 2015) and therefore of all the
horticultural group of small citrus (mandarins, tangors –mandarin x sweet orange hybrids-, tangelos –
mandarin x grapefruit hybrids-). The objective of this work was to develop a workflow for local
phylogenomic inference from SNP and Indel data obtained by genotyping by sequencing (GBS) and to
analyses the interspecific admixture along the nine citrus chromosomes of secondary species and
modern varieties resulting from combinations of C. reticulata and C. maxima gene pools. Fifty five
citrus varieties were submitted to GBS in a single ILLUMINA HISEQ200 lane, using APEK1 restriction
enzyme and a selective PCR to improve the depth of the analysis. 10632diagnostic polymorphisms
(DPs) of the C. reticulata/C. maxima differentiation were identified covering the whole genome. They
were used to decipher the phylogenomic origin of genome fragments along the 9 chromosomes of
the 55 varieties. Very similar picture of admixture to the ones previously derived from WGS data (Wu
et al., 2014) were obtained for sweet orange, sour orange and Ponkan mandarin. This result
demonstrates that GBS, coupled with the detection of DPs, is a powerful approach to decipher the
phylogenomic caryotype of cultivars deriving from admixture of two ancestral species with a limited
number of interspecific recombination (interspecific mosaics of large fragments). C. maxima
introgressions were observed in all mandarins but were very limited in Cleopatra and Sunki
mandarins. Mandarin hybrids, tangors, tangelos, orangelos and grapefruit phylogenomic caryotypes
were also revealed. The C. reticulata/C. maxima admixture should be the major component of the
high phenotypic variability of this germplasm.
Wu et al. Nature Biotechnology, 32 : p. 656-662.
Curk et al. PloS One, 10 (5) : e0125628.
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Variations along genes in codon and amino acid usage in two plant genomes
contrasted for GC content: the role of intron number
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GC content (the proportion of G and C nucleotides within a sequence) varies drastically in plant
protein-coding genes. Large differences in GC content distribution are observed between monocots
and eudicots and within both monocots and eudicots, differences are observed between species. GC
content also varies between genes within a genome and even across genes in an intron dependent
manner. Codon usage is known to be affected by coding-region GC content. However whether codon
usage bias is affected remains controversial. For amino acids, data are scarce but also suggest a link
between GC content and amino acid usage. We investigated how codon and amino acid usage are
affected by gene intron number and location along the genes and observed a huge impact of intron
number and position on codon and amino acid usage across protein-coding genes.
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