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MTP sequencing

A�reference sequence anchored to�the�genetic and�
phenotypic maps

Long term

Physical mapping of�individual
chromosomes

Short term

Gene catalog
Virtual order

Markers

Survey�sequencing of�individual
chromosomes

Roadmap�to�the�Wheat�Genome�SequenceRoadmap�to�the�Wheat�Genome�Sequence



Chromosome�Survey�Sequence�Data

Illumina Paired�End�Sequencing
30Ͳ200x

Flow�sorted�chromosomes

Amplified�DNA�

Sequence�Assembly�(ABySS)
1�per��chromosome�arm�+�3B



Chromosome�Survey�Sequence�Data�

� Quality�checked�sequence�reads�(100Ͳ150bp)�

� Sequence�assemblies�for�40�chromosome�arms�+�chromosome�3B�

Ͳ Total�length�10.2�Gb

Ͳ 128Mb�(1DS)�– 639Mb�(3B)�assembled�sequence�per�chromosome

Ͳ contigs /�chromosome�arm�range�from�88k�(6DS)�– 508k�(2DL)

Ͳ N50�contig length�=�2.4�kb�(1.5kb�Ͳ 4.3kb)�after�filtering�contigs <�200bp

Ͳ N50�contig length�after�repeat�masking�=�6.1kb�(1.7kbͲ8.9kb)



Chromosome�arm�assemblies
z Chromosome�arm�sorted�(excepting�3B): 41�sequence�“bins”
z 128Mb�(1DS)�– 639Mb�(3B)�assembled�sequence�per�“bin”
z repeat�masked
z Total�sequence:�10.2Gb

RNAͲseq (E.�Paux,�INRA)
z 5�tissues
� 112�– 140mio�reads�per�samples�
� Single�end,�101bp�length
� 12Ͳ 14Gb�sequence
� є615.3mio�reads;�62Gb�sequence

Public�wheat�flͲcDNAs�(TriFLDB)
� 16,807�flͲcDNAs�(16,607�with�ORF)
� 15,245�flͲcDNAs Ͳ assigned�to�chromosome�

arms�via�CARMA�(Æ1:1�relationship)

5HIHUHQFH�DQQRWDWLRQV
� Barley�(IBSC�2012),�Brachypodium,�Rice,�Sorghum

*UDLQ

6WHP

/HDI
5RRW

6SLNH

Gene�Calling



Gene�distribution�across�subͲgenomes�and��
chromosomes�

¾133,090�HC�gene�calls�– 124,201�allocated�to�chromosomes
¾Higher�proportion�of�genes�on�the�B�genome
¾Gene�content�but�no�order
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Alternative�splicing per�chromosome and genomeAlternative�splicing per�chromosome and genome



Hierarchical clustering of genes�among
homoeologous chromosomes

Genes�represented�in�each�of�the�subͲ
genomes�cluster�with�genes�on�
homoeologous chromosomes:�
every�topology�is�found



Gene�duplications are abundant�in�wheatGene�duplications are abundant�in�wheat
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Gene�duplication�in�grass�genomes

73%�of�duplicates�are�located�on�the�
same�chromosome�arm

Duplications�in�wheat�underestimated�
due�to�sequence�fragmentation
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Differential�gene expression in�individual�selected tissues

See�Matthias�Pfeiffer�– Sunday�workshop



Syntenic alignment�and�integration�generates�a�
‘GenomeZipper’



64,000�markers used (GBS;�J.�Poland and Eduard�Akhunov)

19,000�Ͳ20,000�genes�per�subͲgenome�zipped
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Genome�zipper generates a�virtual gene order for the
wheat genome



SyntenyͲbased chromosomal ordering of genes

Genome�zipper�
available�at�MIPS�and�
at�URGI

On�average�53%�
of�HC�genes�are�
virtually�ordered



Triticum monococcum

� ,OOXPLQD
� $VVHPEO\��0,36Y����

Triticum urartu

� ,OOXPLQD
� $VVHPEO\��7*$&Y��

Aegilop. speltoides

� ,OOXPLQD
� $VVHPEO\��7*$&Y��

Aegilops tauschii
� $VVHPEO\��%*,��� ���*E��1������NE�

7ULWLFXP�GXUXP��&1�
7ULWLFXP�GXUXP��,7�

� ,OOXPLQD
� $VVHPEOLHV��7*$&�Y��

Aegilops sharonensis

� ,OOXPLQD
� $VVHPEO\��%��6WHXHUQDJHO�

Bread Wheat vs.�diͲand tetraploid ancestorsBread Wheat vs.�diͲand tetraploid ancestors
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YV��Triticum monococcum YV��Aegilops speltoides YV��Aegilops tauschii

BB

YV��Aegilops sharonensisYV��Triticum urartu

Bread Wheat vs.�Diploid�ancestors
Ͳalignment�identity�of�wheat�genes�vs.�genome�assemblies�of�A,B�and�D�donorsͲ

Bread Wheat vs.�Diploid�ancestors
Ͳalignment�identity�of�wheat�genes�vs.�genome�assemblies�of�A,B�and�D�donorsͲ



Summary

� Almost�full�wheat�gene�complement�identified�and�allocated�to�chromosome�arms
� On�average,�53%�of�genes�virtually�ordered�along�chromosomes
� High�level�of�interͲ and�intrachromosomal duplication

� Over�3.5�M�markers�mapped�to�contigs (1.3M�wheat�markers�+�2.3M�SNPs)�Ͳ SSR,�
EST,�DArT,�SNP�(90k)�markers...

These�resources�are�facilitating:

� New�phylogenetic�analyses�of�wheat�genome�evolution�
� Definition�of�core�and�pan�gene�sets�for�Triticeae by�comparing�diͲtetraͲ and�

hexaploid genomes�
� HomoeologueͲspecific�gene�expression�analyses
� Wheat�haplotype�map�– E.�Akhunov
� TILLING�projects�in�T.�durum�and�bread�wheat�– UC�Davis,�JIC,RRes
� Gene�identification�and�cloning



Chromosome�Survey�Sequence�Access

� 272�institutions
� 40�countries

http://wheatͲurgi.versailles.inra.fr/SeqͲRepository/
�Resources�accessible�at�URGI,�Versailles

�Raw sequence reads in�the�SRA
�Assemblies available at EBI�since September

� 52,000�BLAST�searches
� 2.500�downloads



,QWHUQDWLRQDO�6\PSRVLXP�RQ�,QWHJUDWLYH�%LRLQIRUPDWLFV����������������
�

KWWS���SODQWV�HQVHPEO�RUJ�7ULWLFXPBDHVWLYXP
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