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%:3B MTP-BAC sequencing

Sequenced

. physical map
:: e Depth 19x
ﬁ e #BAC-contigs 1282
5 o #MTP BACs 8452
”:T e #BAC pools 922

© . e #Roche 8 kb MP lib. 922
:: o #GS-FLX runs 150
- e bp coverage (Roche/454) 36X
:: e BAC-ends (Sanger) 42 551
|= e Whole 3B shotgun (illumina) 82x
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%:RNASeq — Deep transcriptome sequencing

f 30 samples
o 9 organs (root, stem, spike, leaf, grain)
o 3 dev. stages
o X2 replicates

Presenter: Lise Pingault

Session: Analysis of complex genomes - Saturday 5:20 PM



%Assembly and scaffolding

ACGTAGACTACA

f Manual improvement of the scaffolding
f Gap filling
f Homopolymer error corrections

f Redundancy removal — scaffold merging

ACGTAGACTACAACGTCAGT

16,136 scaff
1040 Mb

18% Ns

2808 scaff

833 Mb
N50:892 kb

7% Ns
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%/Completeness
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¥ gaps in read assembly
¥, gaps in the physical map
¥ BAC clone contaminations



%Annotation
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774 Mb
- protein coding genes 7264
(pseudogenes: 27%)
* NTRS (RNASeq) 3693 209
* NCRNAS (tRNA, rRNA, snRNA, snoRNAs) 791 37

« transposable elements 234,606 18,553




%oChromosome structure

_ Recombination
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centromeric
retrotransposons
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%oEVvolution

o Synteny
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%oEVvolution

o Gene loss?

1

Wheat  Brachy. Rice Sorghum
Conserved genes Bd-Os-Sb: 38 chrz  chr1  chr3
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3% 91% found on 3B
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I Limited gene loss following polyploidization



%oEVvolution

o Intra-chromosomal duplications

Wheat  Brachy. Rice Sorghum
37% 3B chr2 chr1 chr3

intra-chr. duplicates * ‘ ‘ ‘

15% 18% 16%

Wheat Brachy. Rice Sorghum
3B chr2 chr1 chr3

1 Higher rate of lineage specific intra-chr. gene duplication



%oEVvolution

o Intra-chromosomal duplications
o Inter-chromosomal duplications

I

Wheat  Brachy. Rice Sorghum

33% 3B chr2 chr1 chr3
intmasgyintedipljeat=s + ‘ ‘
15% 18%  16%
intra-chr. < o o
=3
Wheat Brachy. Rice Sorghum
3B chr2 chr1 chr3
i
# syntenic genes 3899 3400-3600
# nonsyntenic genes 2065 150-210

1 Higher rate of lineage specific inter-chr. gene duplication
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TACACCCAAGTTGGTGAGCTGAAAGTCCACCTCCTCCTTCTCTTCTCCTCGGACATGTGTATGATGATATTTGGACATGTGGCCTTTATTTGCAGGGAACACCTCCAAGAGAGIBAGATGARATTAGTAGACAGCTAGGTGTTTGT(
ACCACGTGTAACTCATGACTATTATATAAGGTCACCACGGAGTATCTAAATAGACTAGAAAAAAAGCTAGTAGGATGATGTCATAATTCAACATAAAACGTAGGGAGGTCCEBTAPAREATKIBGBATTGTTCGAGCTCTGCTTAAA
AGTAGGAAAAGTAATCGGGTTGATAACAATCGACAGTTTAGCTCCCTGCAAAATACGAGCATTCAAGAATCCGTTTGGTTTATATTATTTCACAAAGCTGATGACAGATGTTAAGRTTATCAMPABCCTTTAAATTTCATGCTTATG(

GGTGGTACCTGATCAATATTAAACTCACATCCAAATAGTAGATAACTACTCTCTCCGTTCCAAATTACTCGTCGCAGAAATGGTTGTATCTAGAATTAAAATACATCTAGATASRARGAAGPRIGGAACGGAGGGAGTAACCGAGAA(
TGATCCCTCCTGGGTTTGCCATGATCTAATTAGTACCATATGAATAGTGGGTGATCAACAGTCACATAGCAAAAGTAATCAGGAAATATAAGAGTTGATAGTAAGGGTACATIAA TLI CIKGAMAZCAATCCAAATATGCATACGAT
GGGGCTTGTTGCTTATCATCCCCAGGCGCCTAAGACACCCTGCCTTCTCCCACGTTTAAATCTGCAAGGGACACTGCATTGGTGGCTGCTAGGCCATCAAAGGCGGCTTETCAATATINATIGBEGAAGCTGGGCTACTGCTA
CGTGATGATTTCTTCAGTCGAAACTTGTGGTGTTGGATCCTCCATATCCATGAGTTTGCACATCAGCATCAC_THANKS_TATTCAATTATCTCCTTCCTTGACCATGAGTGEIUTITBCAGGTETLTACATAGATTGCTGGAAAGA(
TGAGCCGGGGCAGAACTTGAAGCACGGGAGAAGGAAAAAGAAGTATACAAGGGGTGCGTAGTTGGTATATGTAATGTACGGTATAGACCTTTCTTTGTGAATAGCTCTATGAGATTATEGI TOETGABGAGCAGACAGATCTTCCTT
AAAACTTTTTTCTTTGACTTCTCTGACTGTTCATTGGTTTTCATTGCGGGGTGGTATTGCTGCCTCTATCTGACACCTTGTCTTTTTTCTACCCCTTTGGAGATCATCGCCCADMEIARARREPIANT CATCCTGTTCCGCAATAGCG
TAAGTTTCATCAGCTTAATAATCATGTTTTCGCAGCAGCGTAACTCAGTTTCATCAGCATTCATCTCGACGCCTGGGTGGTATGCAAAATTAAGATGAGAGAAATGATTACATAGEMMTRT/ASICIIKATATTCTGAGCATCGCGAAAGA
GAAGAAAGAAAGAAAGGAATTGCAGAAAAGAGCATATACCTTGTGTTGTTGAATAATCTACGTGGTAGAGAGTAAAGGTAGTCTGCCAGTCCAATCACTTTCAAAGCGCAATERBGARRACE CGAMI GAGAAAGCAGTGCCCGAG
ATGGCAGCTAGAGGATGTGAGAGAGGAGAATAAGAACAAGGGAAACAGGAGGGGGTGGTGGCTGCATTGGCGGTGGGATGAGGGCGTCTCGCTGTAACCGTAGAGGGBGAESTTPACAGEIRBEIAGCCCGGTTTGAGACTA

AGAAGCGGGCAAGTAAGAGCATCTCCAGCCGCGCCCCCAACAGGCCCCCCCAGGCCACTTCTTCGGCGCCGGCGCCAAAAAAACGGCCCAGTCGCGCCCCCCGGAAGACTHAAAAGTGOOGEFTGGGCGCAGGCTGAACCC(
GCTGGGGGGCGCCTGGGGGCTCTAGCGCAAGGGAAAAGCCCGCCTGGCCCACTCCGTCAGGTGAAAAGTCAAGATTTTCTTCCCCGACCGCCTCCC_3B_ACCCCCCCAUNITUIRBBUEDIE@IBGCGCCGCTCTTCACCG(
TAGCCATTCCCCGCCGAAAAAAGCATAGGTTCACCGCGGCAACCCCTCCGGCACCAGCTGGGCGTTTCCGGCCGCCCTTTCCGGCCACAGAGGGGCAGTTTGGCGGCEABGGHEATRIHZNELHTASOETGCCTCGGCGATG(
GGATGACGAGGAAGTGCTCGCCGCGCTGCTGGAGGAGGAAGCCGAGGCCGACGTCCAGGAAGAAGATCATCTCATGGTGCTCGGCGCCCTCGCCCAGCTGCTGGCGABERIGGRABEGCCACEEREAGGTGAAAGCAAAGA
CATCGTCTCGAAGGCTACTGCATGCTCTACTCCGACTACTTCGCTGATGCTCCACTTCAAGGCGACATAACATTTCGGCGCCGTTATCGGATGAACAGAAAGCTTTTCCTOABEIGSEGPRAGACBACTACTTCAATTGCAAGATT(

ACCGCAATACTTGAGAACACCCAATGCGGAAGACACTGCTCAGATCCTAGCACAGAATGCAGCAAGAGGATTTCCTGGGATGCTTGGAAGCATCGACTGCATGCATTGAAAATGEGASGRAALTEEELAPFGTAC_CACTA_TRANSPOS
AAAGGTGAGGCGGTGGCCACACATGACCTCTGGATTTGGCACTCCTTCTTTGGTATGCCAGGAACTCACAATGACATCAACGTGCTGCAGTGCTCTCCTGTCTTTGCCAAGUITTGITGAAGBACATCGATATCAATGGGCAGCAC

TGTTGTCCGGTACCCCGCTCAGACCTGGTCGAAAGATCAAATGTGGGAGATCATGACCTGCTGTGTCATCTTGCACAACATGATCATTGAGAGCGAGCAGGAAGAGCCAGRGT NI CAGBETCATCTTGCCCAAGTTGATCA
CTACCGGCAAGCTAGACTGCCTATCTTAGTATGCGTCAGGAGATCCGAGACCCACAGGTGCATCATCAAACTGCAGCAAGATCTGATAGAGCACCTATGGAGGCTCAAGGGTGATBEASTIGAGATET TATTTGTTGAACTATA

TTTGTATTGAACTATTTATTGTTGTACTATTTTGTTGAAGTACTTGAAATTTTTGTGATGAAAAATGTGATAAAAAAATATTTATGTTGATAATTGAACGCCGAGCCACGGCGAPBBBCGTATRATGCCCATATGGGCCTTTTCGTCG
GGGGCTTCAAAAGTGGGCCAAAATCGGTGACTGGGGGCGAGCTGGGGGTGACGACTGGGCGCAAAACCGCCCCCAGCGCCGAAAGAATCGCCGGCTCACCCACAGGBGALEATATRIARADARBERT|_SfBASTIEN_THEIL

NATASHA_GLOVER_VALERIE_BARBE_JOSQUIN_DARON_LISE_PINGAULT_PIERRE_SOURDILLE_ARNAUD_COULOUX_ETIENNE_PAUX_PHILIPPE_LEROY_SOPBEN®ENICOLAS_GUILHOT JACQUES_LE_GOUIS
FRANCOIS_BALFOURIER_MICHAEL_ALAUX_VfRONIQUE_JAMILLOUX_JULIE_POULAIN_CfLINE_DURAND_ARNAUD_BELLEC_CHRISTINE_GASPIN_JAN_SAFARSIARCDOLEZEL_JANE_ROGERS_KLAAS_VANDEP(
LE_JEANMARC_AURY_KLAUS_MAYER_HELENE_BERGES_HADI_QUESNEVILLE_PATRICK_WINCKER_CATHERINE_FEUILLET _AGTTGCTTTACCTGGCTTTATCTGBARAARGTGATGTGTTTGACATTGTTGTTCAGTTTC
AACATGTTGAACGCCTTCTCAAGCACAAAATTGTTCATGTCCAGTCGGAATGGGGGGTGAGTATCGCAACCTCAACTCCTTCTTTCAGTCGCTTGGGATCGCTCACCGT T RRMTTARERIINIASRTIC TG TGGAACGTAAGCATCG
ATTGTTGAAACTGGTCTTACTCTTTTGGCCCATGCATCCGTTCCGTTTCGGTTCTGGAGTGATGCTCTCACCACTTCATGTTTTCTCATAAACCGTACCCCCACTTGTGTTTUGAATSPASAGATTCTTAATGAACAACCTGATTATA(
TTTTTAAGGTTTTTGGGTGTGCTTGCTGGCCACATCTCCGCCCGTATAACAAACGCAAGCTTGAGTTTCGTTCCAAGAAGTGTGTCTTTCTTGGCTATAGCTCTCTTCATAARGATAT IO GATCGAATCGTGTCTATATATCTCGGGA
CGTGTTTGATGAGCATGTTTTTCCCTTTGCCAAGCTCCCTGTGTCCACTGCTGAACCACCATCTTTGCATTCATCCTCTGTTGCATATG_INTERESTING_GENE_TGTTGCAGNIBIICNATBATGGTGCAGGCACTGGACGTGG(
GTTTGGAAATTTTGGAGGCGCCATCGTCTCCCTCGCTGGTCTTACCAGCGGTTCACGACGATCAGGGTGTTCCCCTGCATGGCTTCGGTCCTCGTGCCCATGCATGTTCRATZGMGTATCAGCGECCCCGGCCTCTAGACCG(

TCCCTCAACGACCACACATACGGAGTCGCAGTGGTGTTTTTCATCCCAAACAGCGCACTGATGGTATTGTTTCTTGATTGGCTGCATGTCTGGCTGCTGCTCGTGCGGATTATSTATCRBEGTGTTATGAGTATACCTCATTGGC(
GGCCATGGAGCAGGAGTATCATGCTCTTCTTCGTAACAAGACATGGACTCTTGTTCCTCCACCACCCCGTGTTAATGTCATTGATTCTAAATGGATTTTCAAAGTGAAGAABTAGRGRALRTBGRARGGCGCGGCTGGTTGATAGAG(H
CGGCAGCGTTATGGTCTTGATTATGAAGACACCTTCAGTCCAGTGGTTAAACCTACTACTATCAGGCTTCTTCTCTCTCTTGCAGTTACTCGGGGATGGTCACTTCGTCAGCTTGRI BIGUAERPG GICTGGAAGATCTCACTAAA

TCTATGGTCTGAAGCAAGCTCCCCGTGCTTGGCATGCTCGTCTTGCGACATCCCTTCGTGCTCATGGTTTTGCATCATCAGCTGCTGACTCTTTGTTATTTCTTCTACAAAGIBTCCEABEECACTATGTGGATGATATTATACTCG

TTCTTCTCAGTCGGCTGCTGCTGCTCTTGTTCGGTCTCTTGGTGCTGACTTTGCGGTCAAAGATCTTGGGCAGCTTCACTACTTCCTTGGTGTGGAAGTTGCTTCTGTTTCBAGTABASARGTARIBCTTTGGATTTGTTGTAGCGG(
GGATGCTTAAGTGCAAACCGACTACTACACCTATGTCTGCTACTGACAGGATCACTGCTGTCGATGGTGATCTCCTGCCTTCTGCTGATGCGACACAGTACAGGAGCATTGTTGATGABIATBAGTBCAGATATATCCTTTGTTGT!
CAGAGTATGTCAGTATCTCCAAGCACCTCGTGACACTCATTGGTCTGCGGTGAAGTGCATCTTGCGCTACATTCGCTTCAAGTTGTCCTA_DUPLICATED_GENE_TGGTTAGCACATTBGSGIGATTTCGGCGTATTCTGATGTG(

GTCTTTGCTTCAGGAGTTGGGAATATCTAATCACAGTCTCCTGTTCTTTGGTGTGATAACATCGGTGCTACATACCTATCTGCTAATCCGGTATTCCATGCCCGAATGAAACGNIMNTEABGEGAGABGRACGGGTATCTCAGAAGCAA(
AGATCAAGTTCATTTCTTCCAAGGATCAACTTGGGTAGTATATACGTTTGGAATGCACTAAAGCATTCATTTGAGTAGTAGGTTGCATGCATTATACACGTAGCAAAATATT WFAAAGRYOWNBRLT TGAATGACATTTGTAGTGCGC
GATTTGGTACAGTACACGTTAGGCTTGTCCGGAAATTTCAACCCGCTCCTTGTTAGCCCCAAATATTTAAGATATATCTTTGTCTCGTTGTGCTCCGACAACTCCCTCCATCCTARTUUEPATTATBACGCGCGCGAAAACTCCCTY

GCCGCGAAAACCCGCGACGAAACTCCACACCCTGCTCCGTCCGCCACCCAGCCGGAGCTTCTTCCCCGACGACATCGTCCACAGCAACACCTCGATGTCCCTCATCCAGIGEPACGAGATGABBATOOCGCCGGTTCAGCCAC(
CCTCCACCTCCAAGGAGCTGCCCCGACGTTCCCCTCGTCTTTCGCGCCACCTCCATTCCCACACCGCCGTCTTCACCTGCACCACCGGAAGAGCATCATCATCACCGTT BIUIRAGEBG/EITIAETAAAGAGGTTGTACACTAA
CGCATTTTCTTCTTGATTCGATCTCACGGTGCTGCCGACGTTCGGTCCCAAGCCGACACGGCGCGGCTCCATCCACGGCAGCGTCGCCGGCCACTTCCTCCACGACGTUGCROIACTBGEAGGAGBUECTGCTGCTTTAGCTCT(
CACGCTGCTGCTCTGCTCTTGCTCTCGGTCCCCTGCCTGGTCTGCTCTTGCTATTGCTCTTGCTCGCGCTGCTTCTCTTGCTCTTGCTCTTGCTTGCGATGCTGCTCCAATTGEGUTASROGACAGITGGGTCAGTCGATTTCCAA(

TCTTGATTTCGTATCCAACGGCTGCAAAATCGACTGACCAGAGATGAAAAAGTCAGTCGACCGATGTGTAGCCTCACCTTGCTAGTGTGTTCAGTTTCGATAGCAAAATTCABIAGTGRUASIAAGIAAATTCAGTTTCGACAGTTAA
TCAGAGATGAGCGGCAGATGTATTTTACATCTAGCACTTTGTGGTTATGTATTTTACGTCATGTATTGGAGATGCTATTAGAATTCCACTCAGGTTAACGTTGTTCATTGTCTOAGTTETGGIBITIGTACAACTCACTGTAGCTGCT(
GACGAAACCCTCCATCACAGCGGAGCAGTACCTTGGGATCCATCTCCAGACGCCTAAGATCTTCTTCCCCTCCTCCGACAGCAAAGTCAGCCGGAGCATCCTCACTGGCBABGACAAEGATECTBEABAAGAGGTTGTACACTTG
ATCTCATTTTTACTCTACATGTTATATATATATATTGTCCACTGAGCACACGGATTTGTTCCTTTAGTGTCTCAGTCGGCTGCTGCTGCTCTTGTTCGGTCTCTTGGTGCTGAUTO TEEEBEIABBRBCACTACTTCCTTGGTGTGGAA(
CTTCTGTTTCCAATGGTATTGTTATGACGCAAAGAAGTACTCTTTGGATTTGTTGTAGCGGGATGGGATGCTTAAGTGCAAACCGACTACTACACCTATGTCTGCTACTGAGNAGATGHMITICTIBECTTCTGCTGATGCGACACA
AGGAGCATTGTTGGTGGGTTTCAGTACTTGACGATCACATGTCCAGATATATCCTTTGTTGTCAACAGAGTATGTCAGTATCTCCAAGCACCTCGTGACACTCATTGGTCTGGGGTGABETBOACTTCAAGTTGTCCTA_DUPLICA

CGTAGCAGTACTGAAGCTGAGTATAAGGCTGTGGCTAATGCAACTGCAGAAATTATTTGGATACAGTCTTTGCTTCAGGAGTTGGGAATATCTAATCACAGTCTCCTGTTC THGEGIADNENINATCTGCTAATCCGGTATTCCA
CCGAATGAAACACAACGAAGTGTACTATCATTTTGTACAGGAACGGGTATCTCAGAAGCAACTACAGATCAAGTTCATTTCTTCCAAGGATCAACTTGGGTAGTCGGCTGCTGRIGGIETFGTEEGTGI TGCGGTCAAAGATCTTGG(




%00rdering scaffolds
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f SNP discovery: 39,077 SNPs (Cs/Renan)
f genotyping: 3075 SNPs

16,136 scaff
1040 Mb

« 284 Cs/Re RILs genetic mapping

- association panels LD mapping
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o orientation unknown: 869 scaff (48% of the seq.)
o micro-order unknown: 620 scaff

1358 scalff

774 Mb




%03B-MTP vs 3B-CSS
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syntenic nonsyntenic

genes genes
e pseudogenes 17% 32%
e expressed 82% 69%
e mean genome-wide no. copies 8 19
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%dRelation between CACTAs and gene duplications?

o Clustering distributions of 57 CACTA families
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Sub-telomeric regions

o 16% of chromosome length
o 76% of recombination events
o 33% of genes

o EXxpression specificity

o Variability/Plasticity

o Adaptation



