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Les plantes modernes : origine, nouvelles espLes plantes modernes : origine, nouvelles espèèces et amces et améélioration varilioration variéétaletale



Background – Evolution.

LUCA
Last Universal Common Ancestor
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Background – Genomes / Chromosomes.

Genome = chromosome containing genes + TEs
Masella and Chung 2008 
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Repet.

Repet.

Background – Genes / Repeats.

Genome = genes and intergenic sequence (repeat)

A, T, G, C basesA, T, G, C bases

@ http://www.mddep.gouv.qc.ca
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Comparative Genomics 80’-90’.

x10-100 markers

Unit = cM

x10-100 genes

Unit = bp

Genomes (rice/At)

20 000-40 000 genes

Unit = bp

2000-20051980
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Gaut B 2002

Results:

� Common markers (184 loci)

� Resistance gene locus

� 60 MYA speciation

� Conserved synteny

Background – Comparative Genomics (1999).
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Comparative Genomics 80’-90’.
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~ 13 MYA

~ 60 MYA

~ 46 MYA

Locus Vrn1 : vernalization

Gaut B 2002

Transposable mobile elements

Background – Comparative Genomics (2000).
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Comparative Genomics 80’-90’.
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~372 Mb

~2365 Mb

40%

70-8O%
>8O%

150-300 MYA

100 MYA

50-70

MYA

~119 Mb

~949 Mb
~468 Mb

(1n)

~1115 Mb

20%

~659 Mb

~17000 Mb

Glycine 
(soybean)

[soja]

Brassica
(napus)
[colza]

Helianthus
(sunflower)
[tournesol]

Mycopersicum
(tomato)
[tomate]

Arabidopsis
Thaliana

[Arabette]

40-6O%
~950 Mb

Oryza
(rice)
[riz]

Zea
(maize)
[maϊs]

Sorghum
[sorgho]

Triticeae
(Wheat)

[Blé]

Background – Genome Size

60%

2000

2002 2005
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Comparative Genomics 80’-90’

x10-100 marqueurs

Unité cM

x10-100 gènes

Unité bp

Génomes (riz/At)

20 000-40 000 gènes

Unité bp

MAIN CONCLUSIONSMAIN CONCLUSIONS:

� ConservedConserved SyntenieSyntenie : monocots > dicots;

� DuplicatedDuplicated GenomesGenomes : old/recent polyploïds;

� GenomeGenome Size Size DifferencesDifferences: proportion TE ≠;

� SinceSince 20092009: numerous genomes available……

2000-20051980
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Plant & Animal Genomes.

WGDDUPLICATIONSYNTENY

ANNOTATED 

GENESGENOME (MB)CHROMOSOMES

COMMON 

NAMESPECIES WGDDUPLICATIONSYNTENY

ANNOTATED 

GENESGENOME (MB)CHROMOSOMES

COMMON 

NAMESPECIES
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PLANTS        

Oryza sativa Rice 12 372 41046 RG 448-10-73 1R 

Sorghum bicolor Sorghum 10 659 34008 6147-12-99 409-10-84 1R 

Zea mays Maize 10 2365 32540 4454-30-82 3454-17-99 2R 

Brachypodium 

distachyon Brachypodium 5 271 27601 8533-12-99 642-13-79 1R 

Vitis vinifera Grape 19 302 21189 RG 543 - 23 - 71 1R 

Arabidopsis thaliana Cress 5 119 33198 2389 - 80 - 99 1630 - 55 - 83 3R 

Populus trichocarpa Poplar 19 294 30260 4555 - 87 - 92 4164 - 46 - 73 2R 

Glycine max Soybean 20 949 46194 4013 - 164 - 97 9533 - 89 - 55 3R 

Fragaria Strawberry 7 208 32630 3289 - 94 - 70 114 - 27 - 19 1R 

Theobroma cacao Cacao 10 218 27814 4472 - 21 - 81 370 - 19 - 66 1R 

Malus x domestica Apple 17 528 58984 3498 - 104 - 70 2845 - 69 - 59 2R 

       Total  27135-695-81 19559-396-57   

        

ANIMALS        

Homo sapiens Human 23 3059 18794 RG* 128-29-33 2R 

Mus musculus Mouse 20 2635 19380 10088-143-75 48-21-13 2R 

Canis familiaris Dog 39 2445 42626 5551-97-71 76-26-19 2R 

Equus caballus Horse 32 2360 18838 10195-83-83 134-24-26 2R 

Monodelphis domestica Oppossum 9 3502 31265 3413-79-78 16-7-4 2R 

Gallus gallus Chicken 33 1032 30077 2311-41-91 41-17-25 2R 

Oryzias latipes Medaka 24 721 17117 2124-238-60 830-125-39 3R 

Pan troglodytes Chimpanzee 24 3175 40460 5091-56-62 43-11-15 2R 

    Total 38773-737-74 1316-260-22  

 
GBE (2012) 4(9):917-28
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Paleogenomics… genome of extinct ancestors.

Sequenced fossil DNA

Modern species genome sequences
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Strategy for Comparing Genomes and Reconstruct Ancestors.

Modern genome comparison Pre- post-WGD ancestor reconstruction Ancestral gene order modeling
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Plant Cell (2008) 20(1):11-24

Brief. In Bioinf. (2009) 10(6):619-30

PNAS (2009) 106(35):14908-13

TPS (2010) 15(9):479-87

Genome Research (2010) 20(11):1545-1557

Nat Genet (2011) 43(2):101

CRAS (2011) 334:205-211

COPB (2012) 15(2):122-30
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Comparing Plant Genomes and Reconstruct Ancestors.
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Toward an Angiosperm Ancestor Genome Structure.
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Strategy for Comparing Genomes and Reconstruct Ancestors.
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C-Monocot CCF diploidization

(Asymmetric reciprocal translocation)

Cent.

B-Eudicot TCF diploidization

(Symmetric reciprocal translocation)

A-Whole Genome Duplication (WGD)

E-Chromosome Shaping (TE, deletion, inversion, translocation)

Cent.

Cent.Cent.

Cent.

Cent.

D-diploidized paleopolyploid

COPB (2012) 15:1-9

SBP / CF, evolutionary hot spots

TCF in Animal / Dicots

=ancient process

CCF in Monocots

=recent process

PaleoEVO – Chromosome Plasticity.
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PaleoEVO – Conservation Plasticity.
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Brachypodium Chr1

Human Chr16

Anc. Karyot.

Anc. Karyot.

Ancestral Plant Karyotype

Ancestral Vertebrate Karyotype
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ClassI
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� Duplications
⌧ Frequent and recent in plants ���� Adaptation by WGD.
⌧ Rare and ancient in animals ���� Adaptation by CNVs.

� Genes
⌧ Enriched in telomeres in plants / Local islands in animals.
⌧ Longer genes in animals, variable intergenic spaces in plants.

� TEs
⌧ Mainly recent class I in plants.
⌧ Mainly ancient burst of class II (SINE and LINEs) in animals.

COPB (2012) 15(2):122-30

GBE (2012) 4(9):917-28

Plant vs. Animal Genome Architectures.

PLANTsPLANTs

==

PLASTICPLASTIC

ANIMALSANIMALS

==

STABLESTABLE
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Cheng et al 2012

T. urartu (A)

T. speltoides (B)

A. tauschii (D)

T. aestivum (AABBDD)A. tauschii (DD)

(AABB)

50-70 0,5 0,1 MYA

WGDWGDWGDWGD

WGDWGDWGDWGDWGDWGDWGDWGD

Evolutionary History of Recent Polyploid Genomes (Bread Wheat).
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ANCESTORS

MODERN 

SPECIES

x10 MYA

X0.1

MYA

x10 MYA

Wheat n=21

WGDWGDWGDWGD

WGDWGDWGDWGD

WGDWGDWGDWGD

ABD

D-S
T1 T2 T3 T4 T6 T7T5

NOVEL FUNCTION

PSY = ‘Carotenoid content’

PSY

NOVEL TRAIT
Ha = ‘Hardness’

Ha

Impact of Duplication on Traits.

NEW  SPECIES
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Ancestral Grass Ha locus

Soft Grain (bread making) Recovered by Hexaploidization

T. Urartu (gA) Ae. speltoides (gB) T. tauschii (gD)

Soft grain

Pin cluster deletion

T. turgidum (gA)

T. turgidum (gB)

Durum

Wheat

PASTA (= gene deletion)
Hard

grain

Ancestral Triticeae Ha locus

GSP conversion into puroindolines

ATPase cluster formation

Soft grain

Plant Cell (2005) 17:1033-45

T. aestivum (gA)

T. aestivum (gB)

T. aestivum (gD)

Bread

Wheat BREAD (=gene recovery)

Soft grain

DOMESTICATION
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Stress (ABA) Response Acquired by Tetraploidization

Dicots Monocots

Monocots-Dicots

Ancestor

Psy1 – Psy2

Psy1 Psy2

WGD1

Psy1 Psy3 Psy2

Monocots Ancestor

Psy1 – Psy2

Dicots Ancestor

Psy1 – Psy2

Modern Species (Rice)

Psy1 – Psy2 – Psy3
Modern Species (Grape)

Psy1 – Psy2

A1 A4 A7 A10 A13 A16 A19

A1A2 A3 A4 A5 A6 A7A8A9 A10 A11A12 A13A14 A15 A16A17A18 A19A20A21

Psy1 Psy2

Psy1 Psy2

A5 A7 A11 A8 A4

A1A5 A7A10 A11A12 A8A9 A4 A6

n=5

n=10

n=12

n=7

n=21

WGD*

Psy2

Psy3

Psy1

A2A3

WGD2*

Psy1Psy2 Psy3

1 12

Psy3

Psy1

Psy2

1 19

Psy2

Psy1

BMC Genomics (2012) 13:221.
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Stress response partitioning of duplicates
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Geng et al. 2011WGDWheat - RiceStress responseCDPK

Wang et al. 2009WGD - CNVSorghum - MaizePhotosynthesisC3/C4

Chopra et al. 1998CNVMaizePigmentationP

Xiao et al. 2008SDTomatoFruit shapeSUN

Li et al. 2010WGDMaizekernel size and weightGW2

Mao et al. 2011WGDRiceEtiolation-

Bikard et al. 2009WGDArabidopsisIncompatibility-

Smith et al. 2011CNVArabidopsisIncompatibilityOak

Zhang et al. 2011CNVBrassicaSelf incompatibilityS locus

Chantret et al. 2005CNVWheatGrain qualityHa

Kim et al. 2009WGDSoybean-Rxp

Wang et al. 2099SDBrassicaFlowering timeFLT

Nah et al. 2010

Rosloski et a. 2010
SDArabidopsisFlowering timeFLC

Rong et al 2010,

Zhu et al. 2011
CNVCottonFiberNA

Cockram et al. 2010WGDBarleyFlowering timeCONSTANS

Blackman et al. 2011WGDSunflowerFlowering time
Terminal 

flower

References

(WGD)

(SD)

(CNV)

plant speciesFunctionLocus

Impact of Duplications (WGD-SD-CNV) on Traits

GPGR2 (2013) in press

���� Numerous traits driven by genome duplications (large-scale & local-based)
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ANCESTORS

MODERN 

SPECIES

x10 MYA

X0.1

MYA

x10 MYA

NEW  SPECIES

EVOLUTION & DOMESTICATION.

ANCESTOR

Gene mutationsGene mutations:

� Ramification/Tiller 
(genes Tb1 maize, MOC rice)

� Seed shattering
(gene Sh1 rice, maize)

� Flowering/earliness
(gene VRN wheat)

� Compact kernel
(gene Q wheat)

Favour growing

and harvesting

EVOLUTION

W H E A T

DOMESTICATION
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Comparative Genomics from 80’ to 2013

x10-100 markers

Unit = cM

x10-100 genes

Unit = bp

Genomes (rice/At)

20 000-40 000 genes

Unit = bp

MAIN CONCLUSIONSMAIN CONCLUSIONS:

���� AncestorAncestor : Structure identification (reduced in chr and genes);

���� DuplicationsDuplications: Common/ancestral and recent in plants;

���� Modern Modern speciesspecies : Specific shuffling of ancestor;

���� PlasticityPlasticity: Duplicated gene redundancy eroded;

���� FunctionFunction: Duplicates as a matrix for new function;

���� TraitsTraits: Duplicates as a matrix for novel/adapted traits.

2000-20051980

X 10 Genomes

plants & animals

Unit = bp

2013
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Brachy.n=5

Rice n=12

Arabido. n=5

Soybean n=20

Apple n=17
Grape n=19

AnimalPlant

Ancestor

Maize n=10

Chicken n=33

Opossum n=9

Horse n=32

Human n=23

Chimp n=24

Mouse n=20

From Darwin (1859) to PaleoGenomics (2013).
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PaleoEVO – Translational Biology.

Plant Synteny Viewer Animal Synteny Viewer

PaleoGenomics & Evolution (group PaleoEVO). J.Salse. 
UMR1095 INRA – UBP “Génétique, Diversité & Ecophysiologie des Céréales”



PaleoEVO group

Collaboration Network.

Fundings

Former members involved:

- Stéphanie Bolot.

- Vincent Jouffe.

- Bianca Dibari.

- Thomas Calcagno.

- Umar Massod Quraishi.

- Mickeal Throude.

- Caroline Pont (TRex INRA)

- Florent Murat (IR ANR)

- Rongzhi Zhang (Post-doc)

- Alix Armero Villanueva (Engineer)

- Mélanie Molinier (DUT)

- Ognyan Kulev (Visiting Phd)

- Umar Masood (Visiting scientist)

NATIONALNATIONAL

���� INRA (France)        T. Faraut (Toulouse)

H. Berges (Toulouse)

���� IRD (France)           A. Ghesquiere (Montpellier)

���� CIRAD (France)      C. Lanaud (Montpellier)

���� CNRS (France)        R. Cooke, M. Delseny (Perpignan)

H. Roest Crollius (Paris)

E. Tannier (Lyon)

���� Plate formes: 

Genotoul (Toulouse)/CNRGV (Toulouse)/URGI (Versailles) 

INTERNATIONALINTERNATIONAL

���� Rutgers: J. Messing (USA)

���� Purdue: S. Jackson (USA)

���� Institute of Crop Science: L. Mao (China)

���� Universidad National: C. Lopez (Colombia)

���� Ghent University: Y. Van De Peer (Belgium)

���� Bari University: A. Blanco (Italy)

���� AgroBio Institute: D. Vassilev (Bulgaria)

Collaborators
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THANKTHANKTHANKTHANK
YOU YOU YOU YOU 
FOR FOR FOR FOR 
YOUR YOUR YOUR YOUR 

ATTENTIONATTENTIONATTENTIONATTENTION

PaleoEVO [Paleogenomics & Evolution].
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