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OBJECTIFS ET MISSIONS DE LA PLATEFORME hitps://www.biogenouest.org/plateformes/

L'objectif de cette plateforme est de participer au développement chez les plantes supérieures des programmes d'études de
génomes faisant appel a I'hybridation in situ Fluorescente (FISH) pour accroitre :

 |a caracterisation cytogénetique du matériel végetal impliquant les hybrides interspécifiques afin de valoriser les genes d'intérét
orésents au sein des especes apparentées, notamment les genes de résistance,
* la compréhension de la structure des génomes chez des especes polyploides.

Cette plate-forme a également une mission de formation et d'information des chercheurs et techniciens pour un transfert de
technologie.

ACCESSIBILITE EQUIPEMENTS

d La plateforme est accessible a la communauté » Deux stations de microscopie Zeiss equipé en

scientifique publique et privé fluorescence |
» Systeme d'imagerie . Camera ORCA-Flash4

(Hamamatsu)
» Logiciel d'acquisition Zen software Zeiss
* Cytometre de flux - Cyflow Sysmex

 Réalisation de differentes techniques de
cytogéneéetique dans le cadre de collaborations
de recherche ou prestations

 Deéveloppements méthodologiques en lien avec
vos besoins

 Organisation de formations a la demande
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Alternating between even and odd ploidy levels switches
on and off the recombination control, even near the
centromeres
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Reenkaends,  Iraditionally, reference genomes in crop species rely on the assembly of one
Unversty of Helsinkl, FAnen? gpcession, thus occulting most of intraspectfic diversity. However, rearmangements,
Reviewsd by:  gane duplications, and transposable element content may have a large impact on
Kun&mf:;‘ _,.apan the genomic structure, which could generate new phenotypic trats. Comparing two
xmaong Ge. Brassica rapa genomes recently sequenced and assembled using leng-read technology
FLEmONg Aprcutiral m:‘:: and optical mapping, we investigated structural vanants and repetitive content between
. s  NEiwo accessions and genome size variation among a core collection. We explored the~
Juenpoutte  Structural consequences of the presence of large repeated sequences in B. rapa ‘71
Boutte utemgrmal com s. the B. ‘Chifu’ , Ui ti ics and i
eselaenagne com genome vs. the B raps "Chifu’ genome, using comparative genomics an cytogenetic
e rarera gecavanoansey  APproaches. First, we showed that large genomic variants on chromosomes ADS, ADS,
A0, and A10 are due to large insertions and inversions when comparing B. rapa ‘21
Speciaty section:  ang B rapg ‘Chiffu’ at the origin of important length differences in some chromaosomes.
This Srficie Was submittad i ) — g s ) -
Flant Systamstics g Bvoton, T OF nstance, lengths of 21" and *Chafu’ ADS chromosomes were estimated in silico to
& sachion of thejoumal be 55 and 29 Mb, respectively. To validate these observations, we compared using
Fromies MAAN SIS 8 orescent in sity hybndization (FISH) the two ADE chromosomes present in an F1
Awmxggg hybnd produced by crossing these two vareties. We confirmed a .!eng1h differgnce
Putitshed: v October 5020 of 17.6% between the ADE chromosomes of 'Z1" compared to 'Chiifu.” Alternatively,
cftstion:  Using a copy number vanation approach, we were able to quantify the presence of
JS— rmf:‘i“’ﬂ“;:'j; a higher number of rDNA and gypsy elements in ‘Z1" genome compared to ‘Chifu’ on
" beer C. fogieas - gunet s, Gifferent chromosomes induding ADS. Using flow cytometry, the total genome size of 12
Covtion O, Deriot G, Fakenth C, Brassica accessions cormesponding to a B. rapa available core collection was estimated
Fesemrly Lﬁ;ﬁ"? ;g'?j&; and revealed a genome size variation of up to 16% between these accessions as well as
Fousssau-Gueuth Mand  Some shared inversions. This study revealed the contribution of long-read sequencing
F””gﬂ?:;:m of new accessions belonging to different culigroups of B. rapa and highlighted the
awmwmé,_-;;um reves  PoOtential impact of differential insertion of repeat elements and inversions of large

Inegpeciic Diversiy n Bresske genomic regions in genome size intraspecific vanability.
rapa Front Plant Sci 11:577535.
oo 10, 33094015, 2050 577538
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Meiotic recombination is a key biological process in plant eveolution and breeding,
as it generates genetic diversity in each generation through the formation of
crossovers (COs). However, due to their importance in genome stability, COs are
highly regulated in frequency and distribution. We previously demonstrated that
this strict regulation of COs can be modified, both in terms of CO frequency and
distribution, in allotriploid Brassica hybrids (2n = 3x = 29; AAC) resulting from a
cross between Brassica napus (2n = 4x = 38; AACC) and Brassica rapa (2n = 2x
= 20; AA). Using the recently updated B. hapus genome now including
pericentromeres, we demonstrated that COs occur in these cold regions in
allotriploids, as close as 375 kb from the centromere. Reverse transcription
quantitative PCR (RT-gPCR) of various meiotic genes indicated that Class | COs
are likely involved in the increased recombination frequency observed in
allotriploids. We also demonstrated that this modified recombination landscape
can be maintained via successive generations of allotriploidy (odd ploidy level).
This deregulated meiotic behavior reverts to strict regulation in allotetraploid
(even ploidy level) progeny in the second generation. Overall, we provide an easy
way to manipulate tight recombination control in a polyploid crop.
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Gienomic relationships among diploid and polyploid species of the genus Ludwigia
L. section Jussiagea using a combination of molecular cytogenetic, morphological,
and crossing investigations

. Barloy. ©0 L Portillo-Lemus, U5 5. AL Krueger-Hadfield, V. Huteauw, ©5 ©. Coriton
doi: https/fdoi.org/ 10.1101/2023.01 02522458
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Abstract and Figures

Caractérisation
et identification

The genus Ludwigia L. section Jussiaea is composed of a polyploid species complex with 2x, [ L peploiies e,
4x, 6x and 10x ploidy levels, suggesting possible hybrid origins. The aim of the present study -
. is to understand the genomic relationships among diploid and polyploid species in the L. stolonifera (4x)
d e t ra n S I Ocat I O n S section Jussiaea. Morphological and cytogenetic observations, controlled crosses, genomic N
- New in situ hybridization (GISH), and flow cytometry were used to characterize species, ploidy
[: Phytologist levels, ploidy patterns, and genomic composition across taxa. Genome sizes obtained were — L aandifora sy,
: f - grandilfora (6x)
h ° in agreement with the diploid, tetraploid, hexaploid, and decaploid ploidy levels. Results of _[
. . . . . C ro m OSO m I u es GISH showed that progenitors of Ludwigia stolonifera (4x) were Ludwigia peploides subsp. - L grandifors absp
Eplgenomlc and StrUCtural events preclude recombmatmn In q montevidensis {Ex}pang Ludwigia helmir?thorrhiza {Ex},{wh::ch also part;;l]:ipgte% for one pa?t e

(2x) to the Ludwigia ascendens genome (4x). Ludwigia grandiflora subsp. hexapetala (10x)
resulted from the hybridization between L. stolonifera (4x) and Ludwigia grandiflora subsp. L hetminthorrhiza (2x)
grandiflora (6x). One progenitor of L. grandiflora subsp. grandiflora was identified as L. ﬁ

peploides (2x). Our results suggest the existence of several processes of hybridization,
leading to polyploidy, and possibly allopolyploidy, in the section Jussiaea due to the diversity
of ploidy levels. The success of GISH opens up the potential for future studies to identify
other missing progenitors in Ludwigia L. as well as other taxa.
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Summary

Authorfor comespondence: = Meiotic recombination is a major evolutionary process generating genetic diversity at each
Mathieu Rousseau-Cueutin generation in sexual organisms. However, this process is highly regulated, with the majority of
Email: mathieu rousseau-gueutin@inraefr . ocenyers lying in the distal chromosomal regions that harbor low DNA methylation levels.
Even in these regions, some islands without recombination remain, for which we investigated
the underlying calrses.
+ Cenetic maps were established in two Brassica napus hybrids to detect the presence of such
large nonrecombinant islands. The role played by DNA methylation and structural varations (=Y.
Wew Phytologist (2022) in this local absence of recombination was determined by performing bisulfite sequencing and
doi: 10.1111/nph 18004 whole genome compartsons. Infered structural variations were validated using either optical
mapping or oligo fluorescence in situ hybridization.
Key words: Brassica napus, chromosame » Hypermethylated gr ir?wrhﬂ_d .reg.ians betwe‘f:n Brﬁn’ca.gemmes were assoclated with 1:h-e
inversion, DMA methylation, oligo-FISH, absence of recombination. Palrwise comparisons of nine B napus genome assemblies
recomibin ation. revealed that such inversions occur frequently and may contain key agronomic genes such as
resistance to biotic stresses.
= We conclude that such islands without recombination can have different origins, such as
DA methylation or structural variations in B, napus. It is thus essential to take into account ||
these features in breeding programs as they may hamper the efficient combination of favor- 1

able alleles in elite varieties. ;fl S , B Plant Science
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ARTICLEINFO ABSTRACT
Keywords: Repeated sequences and polypleidy play a central mole in plant genome dynamics. Here, we analyze the
Genome dynamics cvolutionary dynamics of repeats in tetraploid and hexaploid Sparting specics that diverged during the last 10
Polyplaidy million years within the Chloridoideae, one of the poorest investigated grass lineages. From high-throughput
;mﬂim Fenome sequencing, we annotated Sparting repeats and determined what sequence types account for the
o ° . . ° Snart Fenome size variation among species. We examined whether differential senome size evolution correlated with
OlIVIer CORlTON Vlrglnle HUTEAU ploidy levels and phylogenetic relationships. We also examined the tempo of repeat sequence dynamies asso-
ciated with allopatric speciation over the last 3-6 million vears between hexaploid species that diverged on the S Alterniﬂora (2n:6X:62)

American and European Atlantic eoasts and tetraploid species from North and South Amernea The tetraploid

° V4 °
AS S I Sta n te | n e n I e u r — | N RA E 5. spartinae, whose phylogenetic placement has been debated, exhibitz a similar repeat content as hexaploid
g epecies, suggesting common ancestry. Genome expansion or contraction resulting from repeat dynamies seems to

be explained mostly by the contrasting divergence times between species, rather than by genome changes

Ingénieur de Recherche - INRAE
olivier.coriton@inrae.fr

triggered by ploidy level change per ze. One 370 bp satellite may be exhibiting ‘meiotic drive’ and dowving

Virginie.huteau @ i n rae.fr chromosome evolution in & alterniflora. Our results provide crucial insights for investigating the genetic and

epigenectic consequences of such differential repeat dynamics on the ecology and distribution of the meso- and

neopolyploid Sparting species.
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