Les plantes modernes : origine, nouvelles especes et amélioration variétale
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Background — Genomes / Chromosomes.

o

Genome = chromosome containing genes + TEs
Masella and Chung 2008
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Background — Genes / Repeats.

Structure de

I'ADN = GENES

Double brin d'AON

AON comprime

sous forme de
chromosome (s)

, Sucre
MOTE : Un géne peut contenir plusieurs

Phosphate
centaines ou milliers de nucléotides T P 5
placés en paires (sur les 2 brins de 'ADN). A
L'humain posséde environ 30 0oo
génes et 3 milliards de paires de bases. Nucléotide A’ TJ G’ C bases

Genome = genes and intergenic sequence (repeat)

@ http://www.mddep.gouv.qc.ca
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Background — Comparative Genomics (1999).

C. Asnaghi - F. Paulet - C. Kaye - L. Grivet - M. Deu

J.C. Glaszmann - A, Hont
U: - - . .
1 I Application of synteny across Poaceae to determine the map location
_@) {Hardeum(barley) g oi a s“garca“e ms‘l resista“ce ge“e
Triticum (wheat)

a

Pennisetum (pearl millet)

aeaproarued

r‘,4:.S‘e.rmria (foxtail millet) Sorghum linkage group Ij

A
E' Sorghum (sorghum) Maize linkage group 5|
U
G
—t—t— — = fﬁm
60 40 20 Present : éﬂz_t N
Time (million years) Gaut B 2002 — "i@@p
) —— qlmi'
griL7 42151 = Buuum]"_ﬁﬁar T — -"Etl.w
[= CEL2SS3] coypen | :\‘E-._-___— — dl ¥
- covans SR — é';‘ﬁ.i.‘
® 7
2}
g
Results: |

& Common markers (184 loci) i B s | AGRRTS |
= e
i L coams
. i mreza | EEATAE
< Resistance gene locus _ it resen

| cazepm
BHLE 40

Ll
BRLS BTG

< 60 MYA speciation

< Conserved synteny

iMa'rzc linkage group 4

PaleoGenomics & Evolution (group PaleoEVO). J.Salse.

UMR1095 INRA - UBP “Génétique, Diversité & Ecophysiologie des Céréales”




ﬁ?@z

ﬂansng’

«® 1980

Genomes (rice/At)
x10-10_0 markers . . 20 000-40 000 genes
Unit=cM i
Unit = bp

Comparative Genomics 80°’-90’.

2000-2005

PaleoGenomics & Evolution (group PaleoEVO). J.Salse.

UMR1095 INRA - UBP “Génétique, Diversité & Ecophysiologie des Céréales”




Background — Comparative Genomics (2000).

Different Types and Rates of Genome Evolution Detected by Comparative
Sequence Analysis of Orthologous Segments From Four Cereal Genomes
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Background — Genome Size
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Comparative Genomics 80°-90’
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Génomes (riz/At)
20 000-40 000 genes
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x10-100 marqueurs
Unité cM

MAIN CONCLUSIONS:

& Conserved Svntenie : monocots > dicots;
% Duplicated Genomes : old /recent polyploids;

& Genome Size Differences: proportion TE #;

% Since 2009: numerous genomes available......
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Plant & Animal Genomes.
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Sorghum bicolor Sorghum 10 659 34008 6147-12-99 409-10-84 1R

Brachypodium

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

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

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

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

&
4

Total 27135-695-81 19559-396-57

8 genomes

Total 38773-737-74 1316-260-22
GBE (2012) 4(9):917-28
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Paleogenomics... genome of extinct ancestors.

Analysis of one million base pairs of

d h I Reconstruction of the vertebrate ancestral genome reveals dynamic
Neanderthal DNA genome reorganization in early vertebrates
Richard E Greer?, lohannes Krause’, Susan . Ptak®, Adrian W. Briges', Michael T. Ranan®. Jan F. Simons®, Lei Du?, Yoichiro Nakatani, Hiroyuki Takeda, Yuji Kohara, et al.

Michael Eghalm’, Janathan M. Rothberg®, Maja Paunawic’} & Svante Pasha'
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::QM Strategy for Comparing Genomes and Reconstruct Ancestors.

ﬂaﬂﬂﬂlly Modern genome comparison ==p Pre- post-WGD ancestor reconstruction == Ancestral gene order modeling
12 conserved (ortholog) blocks I é

post-duplication pre-duplication )
]
:\—>
Ancestral
Chromosomes 4 )

= / Computed gene order

- Ancestral

s v genes

6
WG D Ancestral
3 Chrom?somes
/~ 7 duplicated (paralog) blocks (] Rice

Chr1

— :: E (206 Kb)

=

:>- 7 Sorghum
Chr 3
Ancestral (319 Kb)
Chromosomes

L 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

o 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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6::5; Comparing Plant Genomes and Reconstruct Ancestors.
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PaleoEVO - Evolutionary Scenario.
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PaleoEVO — Chromosome Plasticity.

TCF in Animal / Dicots CCF in Monocots

=ancient process =recent process

A-Whole Genome Duplication (WGD)
Cent.

B-Eudicot TCF diploidization C-Monocot CCF diploidization

(Symmetric reciprocal translocation) (Asymmetric reciprocal translocation)
Cent. Cent.

D-diploidized paleopolyploid
Cent.

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

I >
|

SBP / CF, evolutionary hot spots

COPB (2012) 15:1-9
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PaleoEVO - Conservation Plasticity.
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Plant vs. Animal Genome Architectures.

Brachypodium Chrl
Ancestral Plant Karyotype [l [ ] [ | i ’ B
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. .t ] |
-_— e DS 100 N 500kb
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e Classl 50 250kb
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s Cl @S S 11 L = A 0
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A0 BO co DO EO FO GO HO 10 Jo
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- o o [ (-
- 3
STABLE s =
e Cl 2SS =

sequenced

(SINE/LINE)
s Cl QS SN 0=

1
1
1
e C|asSI(LTR) ! Not
1
1

% 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 | in plants.
Mainly ancient burst of class Il (SINE and LINEs) in animals.

COPB (2012) 15(2):122-30
GBE (2012) 4(9):917-28
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Evolutionary History of Recent Polyploid Genomes (Bread Wheat).
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SEEE  _aEe:
- TRERLR PecREE
- sESf giies @ aEinan ggnnsd
....-I.IE:?EEliE.z... E :::: 5 E?;; ...--- EEEEE..
sSssssssssssssmssses ﬁ | N NN E...' .e iy e i e
— N sense s8R v ®0 86 o 888 ONe
e v@oX siepun - o nnud . SRQRRRR ERREENM
T. speltoides (B) E eess Es@@“ Eesesss E.tma--
(I A R B R AN RN AN B ENREN]] f % :::: -8 ::?E W'ﬂ o8 — = e
(I ISR REEREREERENRER ] - ...- % ..Ea E -... E...-
g S eces Cgeeenp eecRes i
.. senn ZeeEE %I-ll g.lll..
A. tauschii (D) ssess T eesse Teoe ss D aee ee
Sssssssessscsssssss sgge =@l el 481
\ LAREN BRER / fRmMEr CiEpna
\. (AABB) e cssss s ssss
sssss s secRE RO ORI
(T R SRR RRERNRT
A. tauschii (DD) T. aestivum (AABBDD)
=
—_———- >
0,5 0,1 MYA

Cheng et al 2012
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Impact of Duplication on Traits.

Ancestor n=5

Ancestor n=10 | <£| V‘)
NOVEL FUNCTION
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i |
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Soft Grain (bread making) Recovered by Hexaploidization
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ATPase cluster formation
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GSP conversion into puroindolines

Pa> & » Soft grain
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Pin cluster deletion
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~
i
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Soft grain Plant Cell (2005) 17:1033-45
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Stress (ABA) Response Acquired by Tetraploidization
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Function

Flowering time
Flowering time

Fiber

Flowering time

Flowering time

Grain quality
Self incompatibility
Incompatibility
Incompatibility
Etiolation
kernel size and weight
Fruit shape
Pigmentation
Photosynthesis

Stress response

plant species

Sunflower
Barley

Cotton

Arabidopsis

Brassica
Soybean
Wheat
Brassica
Arabidopsis
Arabidopsis
Rice
Maize
Tomato
Maize
Sorghum - Maize

Wheat - Rice

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

WGD

WGD

CNV

SD

SD
WGD
CNV
CNV
CNV
WGD
WGD
WGD

SD
CNV

WGD - CNV

WGD

References

Blackman etal. 2011

Cockram etal. 2010

Rongetal 2010,
Zhuetal. 2011

Nah etal. 2010
Rosloski eta. 2010

Wang et al. 2099
Kim et al. 2009
Chantretetal. 2005
Zhangetal. 2011
Smith etal. 2011
Bikard et al. 2009
Mao etal. 2011
Lietal.2010
Xiao etal. 2008
Chopra et al. 1998
Wang etal. 2009

Gengetal. 2011

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

GPGR2 (2013) in press

PaleoGenomics & Evolution (group PaleoEVO). J.Salse.

UMR1095 INRA - UBP “Génétique, Diversité & Ecophysiologie des Céréales”



o EVOLUTION & DOMESTICATION.

" <
ANCESTOR

ﬂaﬂaﬂﬁy

IR

EVOLUTION

Gene mutations:
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(genes Tb1 maize, MOC rice)
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O+ Comparative Genomics from 80’ to 2013
P Te[olElV O
ws 1980 2000-2005 2013
Genomes (rice/At)
x10-100 markers x10-100 genes 20 000-40 000 genes
Unit = cM Unit = bp Unit = bp
MAIN CONCLUSIONS:

» Ancestor : Structure identification (reduced in chr and genes);
» Duplications: Common/ancestral and recent in plants;

» Modern species : Specific shuffling of ancestor;

» Plasticity: Duplicated gene redundancy eroded;
» Function: Duplicates as a matrix for new function;

» Traits: Duplicates as a matrix for novel /adapted traits.
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