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GDEC

GDEC



o Bioinfo for bread wheat and 
Triticeae (pan)genomics



❖Research area and questions

o Methodologies
• Gene and transposon prediction in genomes
• Comparative genomics
• How to compare “complex” genomes?

o Genome Biology
• What is the extent of diversity? Pangenomics
• What is the dynamics of transposons?
• What is the impact of polyploidy on transposon activity?
• …
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CTGGACGCCGCAGGCATACCAGGGTGGTGTTGTGGATCTGATTTCTTCACCACACAAGCCCTCCGAAGACTTTGCGATGTCACAGGCAAAGGTTTAAGGCCTATTATGTTCTTCTCAGTAATCCTACATCACTTGGCATGAATCTAAA

TAAATTGATGATAACTCACTTTGCAGCTTGATTACAAACCCGCTGCTACATTGTCGGGTTTGGAAACAAATACCCCGAGGCATTGATCCCTTATGACGGTGTTAAGTATGGGTGCAAAGGAGGTACAGAAAGGAGAGTAAGAAGGCAA

ACCCTAATATCATCGTCAGAGCAATGGTTGCTGGTCCTGACAGGCATGATGGCTTCAAAGATGTCCGCAAGAACTACAACTGCACAGAGTCTTCTCTTGCACCAAATGCTGCTCCCTGCTCTGGTTGGCACTGCAAGCAAAACTAGTT

CAGTTGATAAGAACACAATCTTCTCAGCAATTCCCCCCATGCAAAGCAGAGGCCACAGACAGAAAGGAGACAACATCAGCAGCTAACATAGCTTCTAAATTCTGAACCTCTCGATAATTCCATGCATGATGAAATTGACGATCAGCAT

CAAACAAATAATCCGCCAATCATAGACTGGAACTTGTGTGCGATTTCTTAAACTAATTCTCGGATCCTTGTTATTCATATGCAAAGCTCATCTGCGAAGCCTTTTACTCAGATTGTACAGGCGCGACTTTCTCGTTGTAGTAAAAGAT

TTCTGTATCCTTCATACATACAGCTCGCTTCATCTTATTTCACTCATCTGTGTCTTCAATCCTAATACAGCACACCACTAATGGCCAATTCACTGTAGCCATCGTCCATGGTAGTTAAGCTCTGATATGCATGACGACAGAGCCTCCC

GTACCATCTTGTTGTTGCCCTCTACGTACAGGACGTCTTCGAACAGACTCTTTGCCTGCTCCAGCAGCCTTATCTTCTCCTTGTTGTTCCGAGACCGCAACTGGGACCGCTGCTGCAGCGTGCTGCCCCATCTGTAGAGAGCTGCAAC

GCCACATTGCTTACACATGAGCATCATACAAACAACCAGAGATGGAAAATGAAGTATCCAAGTTCACACTTGTAGGGAAATTCAGGCCAAAAAGCAGAGCGGTGTCGAACCTTCTGGAGCGTAAGTGTTGCTTTTGGATAACATGGCA

TCAAACTTGTCGATTGCAGCCAAATACACCCGGTCAGCATCTACTGCCGCTTCCTGCACCAGTTTTGATTTTCAGTAAATGTAACTAGAGTGCAGGTTTCAAGCCAAGTGCACAAATAGCAGAGCAAATTAACCTAAATACTTACCAG

CATGTTATTTTGTCGGGATGTGTTCAAGGATATGTAGTATTTCAAAATTTTAGGGTCAGAAACACTAGTTAAAAAATTACAAGAGGAAGTCTATGTTTATCAGCCTTAGTTCACCAATATCATGGGGCAACTATGTGACAATGCTAAT

ACCCTAAAAGGTGGTATTCAAAGACTATGACGTGATAAAGATGAAAACAGCTTGTTATGTGAGAATTTGTATATTTGATACAAGTATGTTGATGCACATACCGGTCCGATGTCGGCAAGCAGTTGGCCACGAAAGATAAGCGCCAGTC

CCCAATTGTACAGCGCCTTGACGTCGCCCGAATCAATTGACACAGCCGTCCTATAGCTTCTGCCAGCCTCAACAAGGAGGCTCTCACACTCCTCGCAAACGCCCACTAGCGCGGACGAAATGCTCTCTCTGTTAAGGATTCTTCTGTC

AAGCTTCCTGGACGGTGAGACACGCTCTCTTCCATTCAGATACGTCCCGCTGTTGGCCAGCAGCGTCCTCAGCTCGCGGCTAATCTTGAGCTTGAGCTCCCCATGGAGGAGGTAGGTGTTCCCTAGCTGACCGACTGCTACCAGGCTT

GTCGGCCTCAATGCCACGGCGGTGGACAGAAGCCTTGCTGACCTATACAGCAACGCGTCCGCGGCCTCTTCGTCGTCCCTGGCCATCATGCACTCCCTCGCCTTCCTCAAGATCTCCGCAGCCTCCTTGACGTTGCGGCTGAACTCTT

CAGCATCTGAACCCACAGCAGCACCACCACCCTCACCATCATCTGCAAGTGGCTGCTCATCGACACTGGCGGCAGCGCTGCCCACAAATTCATCAGCCGGCATCCCCCGTGCTCCACTCGCTCGGCTCTCACCGCCGTCGCGGCGCTC

GATCTTCAACCTGTACGACCTGTCCCGGATCTCGAGCGTCCTCTCCAGCAAGGAGGACTCGGCGGATTCAGCGGCGGCGAACCTGCCGCCTTCTTCAAAGCGACCGTCGCTCCTCGCCCTGCCGCCTTCTTCAAAGGGGCCATCATTT

TGCACCCTGCTGCCGCGGCCGTGCCTGTGCTTGGACACCAGCCTCTCCAGCCGGTCGTCGTCTTCCTGCCCACTCTCAGAACTGAACCCTGCATCCTCAAACGCATTGGCAGCATCATCCCTGCCATCAAATGGCAGCATGTCGAGCG

GCCGGGCGCTTCCGACGGCCGCTGAATCAACTGGCTTGTTTTCCCCATCCCCGTGCTGAGCTACAGCAGAGTCTGAATTACTCTTGGCATCGGCCGTAGAAGCAGCATCAGGGGCGGCGACGGCCTTGGCGGGCTTCTTCCGCGGCGA

GGCGAAGCTGAGCTCCCGCAGGGCTACCCGAGCCCAGCCGCCGATGTAGCCGGCGACCTCCCTGGCCACGTCCTGCAGCGCCCCGTCGTCCGGAGCGGCGCCGCCGGCTTTGGTGCTGCCCTGCCCCTGGTCGACCACCGCGGCCGCG

CACTCGAGGAGCGCATCGCGGGCGCGGTCGAGGGGCTCTAGGATGGGGCGGCCCCTATCGTCGTCGTCGGCCAGGAGGCGGTCCTTGAGGGAGAGGAGGCGGGCGTCGAGATCCGCGAGGAGGGCGGCGGGGCGCTGGCCGGAGGAGG

GGGCGGGGGCGGGGGCGAGGTGCCTGGCGGTGGCGAACCCGGCGGCGAAGACGGCGGCGAGGAGCGGGGCGGGCGGGAGGCGGGAGAGGGAGAGCGCGGCGACCGGGAGGAGGAGGAGGAGCGGGGCGGCGGCGAGGGATTGCTGCGT

GACGCGGAGGAAGGGGAGGCCCAGCGGGTCGTCGGCGGCGGGGAGGTCGGCCCAGCCGTTGTAGGACGCGGCGGATGAGCAGCAGCAACGGGTGGATGTGGATGTGGATGTGCGGGTGGAGGCTCGATGCGGGCGGGATCGGACGGGG

AGGAGGGGCCGGTGGCGGAGGCGGGAAGGTGTCGGCGGCCTGGAGAGGAGGGGGAGGAAGAGGGGCTGCGAGGAGGGAGGAGAAGGGAGGGCAGAAACGGCGGAGGATGCCGCCATTATCCCACCCCACCGCTGCCTCCTCCGCCTGT

CTACCTTTTTTCAGTGCGAAATATCCCACCATGTCACAATTCTGCGTTACACTGATTCGCCGTCTTTCTTTCTTATCAAATCTATTATGAAAACTCATCAAAAGTACAAAAAAAATCCCAAATATAATAATAAAAAAACACATCAAGA

TTTCAAGACCACCCAACAAACATTTGACGTCGTGACGTGCCGCCGCCGTCACCCGTCTACTGAATACGGCTTGACCTTACCGATGATGACCTTCAAGTCCTCGCGCGCGTGCCTCCAAGGAGCAGCGCCCTGGAGCAGCAGTCGGCGT

CGTCGGCGTTTAACCCTTGCATAGATCTTAAGCACCTGACCCCAAATCTCACACGTGACAAGGAACCCTAAGCTCGCCGCTCCAAACACACGCCAATCTATGTCGGAGCTCCGTCAACTTCGTCCACCTGGACAAGCTCGACGAAGAG

CAAAGCCTGGAAAGACAAACTTGAAGAAGGAGAGTCTCCATCCCCCCGGACTGGAAAACCTAACCTTAAACTATTAATGCAAGTGAAGGCACTGAGAGTCTCCCTCCCTGCTACTAGCCGCCGAAGTTTATGCCCTGAGAGTCTCCAA

ATAATTCTTGGATTCACCCCTTTACAACAGTAAAATCTCTGCTACTCCATTGGATTACTCAAAAATCTATTATAAAAAATAGTAAAATCAAAAGAAATGATGGAAACTATTTAGAAAAACTGGATTTTCTTTCGTAACATTCAAAATC

AAAGCTACAATTCTTAAAAACAATGTTTAATGAATAGTAGGGTCCCAAATTGATTTTGTTCACTAAGAGTATCACGGGTGTCATTACTTACAAACTTCAGCAATTTTGGTACTTTAAAATTACAGAATTTTTTATTCTTTCTATTTTT

TAAGTAGTAGACATTTTAAGAATTTGATCGTTAGGACCGTTTAGGGGAATTTTTTTTAAGGTAGATCCAACTACCCAAAAGAATGGACTTACACCAAAAAGATAATTCGGTGGCCATATGAATTTTAGGTGACTTACATAAACAGAAA

TCAATTTATGTGAAACTGCTGCGTTTCCCATCCGTGCAAATTTGAGCAGGGAAGTTTGACAAAAATAAAATTTAAAGGGGTTAAAGTATGTTCTACAATAATTTTAACACAAAAAAAGAAAGGATGCAACAATAATACAGTAGCATTC

AAGCTACAGAAATGCCAACCACATCATCACAGTATCTAACTCCACTTCCATAAACAGAAGACAGCACTGAATTTGAGATGAAAAACCAAATGATAGTAATATATGCAACATCAATCAACAGGTCTTTCCAAAAAAATCCAACACTTGT

TATAAATATACAAACACATACAGCAGCAGCACAGCCTTACCTTATTCTTACCAGTCCCCTCTTTCTCTCTACAAAATGCAATGACAATATTAACGAATAAAGTTTGCTGGTCCCATAAGTGACAACCCTCCTGCTCATAATAACAAAC

TCAAATTAATAATGGTACACTGCGTGTGTCTCCGCCATGATTCCCCGTGGTGAACTCAAGACGATCTCACCACCTCGCATCGTATGTGGCCTTCACGCTCCTTCCCCATCTCTCCTGGAACAATTCTACTGACACCCAAATATAACCC

TATTGTGAAGGATTAGCAGCTGACCGAAGCCACCCTCGTTCAGGCAGCGGCGACGGGCTCAGCTGGTGGCACAGGGGCTGCTGCTGCTGCTGCGGGGGCAGCGGCGGCGGGTGCAGCGTTCTCCTTCTCAGGGACAGTGCCGTTGGCA

GGGGCATCCTTGGCAGCAGGTGTCGCTGCCGCCTTAGCGCCGTCCTTGCCGGCGGCGGCCGGAGCTCCGTCCTTCCCGGCAGGTGCCGCGGCGGGTGGTGGAGGTGGCTTCATGTGTGGCGGCGGTGTGTGCTTCAGGTTCGACAGGA

TCTGGCGCATCCGTGCCATGTCTGTGGCCTTCCCGGGCTTGGGGCCCTGGACCACGATGATCCCAGGCTTCTTGTCCTTGTCCTTCTTGCCGGTTCTCTTCTCGATGTGCGCAATCTCCTGTGGGATGAGCTCGGATATCGCCTTCCA

GTACTGCTTGTCTGCTCCCTTGTGGAACTTCTCCTGGTTGGAGAGGAAAAGCTGATAGCAAGCAGTAACACAGGGAGAGAACAAAAGGAGATGTCAGGTAACCATATGTTGTTCGAAAAGTGCAGAGAGAATACACAGGATCATGATG

TTAAGAAATACTCTACCTTCTCCCTTTCCCGGTTGTGATCCTTGCTTGTCTCAAGGTTCAGCTTGCGCTTCTCGACGAAACCCTTCTTGAACTCTTCAGCTTCAAGGATGATTTGGCTCCTCAGCTCCTTCTCGTGCTTCTCCTTTTC

CTCCAGGAGGAGTGCATTTTGACTGTTCACAGCAGGTGTTAGCATTTACTTTTGCACAATACAGATGAAATCAAGTAGTAAAAATTGCAGTACTTATTCTTTAGCAGATATGGCCTCTGCTCAAGATATTTAATGCAACACTAGTGTT

GTAGTTGATGATATCGAAAACAGGGCCTACAACGATTTATATAAAGACATTCTCTGGTCCGGAAGTCAGATCTGGAGTCATATGTTACATCTTTATCTGAAAGTTTATTTCGTACTGGCCACAGCAAACTGCATACTTTGGTGCAGGG

GTTTAAGTAGACAAATAGTGCACTGGAGGAAACATAACAGAAAGGATAATAGAAGCAAACACTTCCTATAGGGGAAAATAACACCAACATAATCAAGAACACTACTTTAGTTTTTGGAAAGCTCTCTTTTTGGACACCGCACTTTGAC

TACCTACATATATGTCAATATTTATATTGGATAACTGGAAGAGGAAGTCAAGTGTAGATTTGTCTCAACAAATAGCCAGTTTGAGAAACCAAAAAAATAAACTTGAATCATACAAAAATACAGGCTTATGTGTATTTGCCACTATGAG

CTAGAAATAAGAACAAGGGAAGTCAATTTCATTTTTCAATTCCCTTTAGATAATAAAACTAAAGAGGCAGCTACACACAGAGAGTCCTATAGATTCAAACTTGCAGTTTCATCATGCAATTGGACCTTCTTGATTTGATATCCTGAAT

TACAAAATCCCAGGTTTAAATAAAATTGTGCACCTAATGTGCCACAAGATCAGCTAGCCTGAGAAAATGTTCCAGCAAGATGAATCATTTTTATCATACTACTACAAGGTCATGATGGAAAAAGTTATGGCAGTGACACAAACATATT

CCTAGTGCAAAAACATGACTTCGGTGACCAATTTGTATGGCAATTGCTCCTAAGCAGCTAAATTTCTACTGCAAAAGCCGCAAAGGCAGTAGATCACATCATCATATGGCAGATTCCAAGCAATCATTTGCTTTTATTCAGCTAAAAT

CCTAGTGTACTGAGGGTGCGAAGGCACTGGGTCACACCATCATACAGCAAGTGCACTGAATTCCAAGCAATCATTTATTCTTGTTCAGCTTAAATCCTAGCGTAGTACTGAAGCAGCGAAGACCGTGGATCACATCAACATTTTCATT

TTCCTGTTGGCAAAACCTAACACTGCAGTCACACCCAGAGAGTCCCAGGCAGTAAAAATTGGAATTTGATCATGTGATTCCGGCTGCGCTTTGTTGACCTGACACCACCCACTACAAAATCCCAGATTTAAAATACCTACTTAGCGTG

TCTCAAGCTTAGCTAACCGTGAGAAGAAGTTGCAGCAAGCTGAGCCCTTTTTACCTCATTAACAACAACTCATGGTTCAAACTGCTGCTTCGATCACTTCCAAGCTACTAACCACGAGTACGGTGACCGGTTTGCACGTCAATTGCTC

TAATTCAGCTAAAATTCTAGTGTGCTGAAGCTGGAGTCGCTGGATAACAGCATCACATGGCACGGGCACCGGATTTCGAGCAGGTGTTGGCCTGAGAGACCGAATCTGCACCACAACGATGGAATCTCGCGGATACATCAGCTCAGCG

CCCCAGATAATGGCAATGGCAAGCGGGAGCCCAGATCGCGACCCAGCGCTGCAGATCTACGGCCCCCACGAACCCAACCCGCCACGATCGCGCGGCTAGATCCAGCAGGAGCAACCACCGAGCCGGGCGAGATCGATCAGATCTGGGC

GAGAGGAGGAAGGAGACGGAGCGCACGTACCGGCGCCACTCGCGGAGGAGGAAGCCCTCGTCGGCCCCCATCTGGGCGGGGTCGGGGAGGACGGGGCCGGGGTCGGTGAAGAGGCCGTCGTCGGCGTCGACCTCGTGGTGCATGCCGT

TGCCGTTGGAGTCGGGCATGCCGAAGGGGTGCGCGGCGGCGGAGTCGTGGCGGAAGGCGTAGGGGTCGGGGGAGGCCGGGAAGTCGTCGGCGCCCCCGGAGACGTGGACGTCGGCCGCGGCGGGGGTGGGGGAGTCGGCGAAGCTGAG

GAAGGGGTCGTCGTGGAAGGACGCGGCGGCCGGGGAGGAGGTCGGCGAGTCGAAGGCGGTCGCCATGGGCGATGGGGTCGGGATCTGGGCTGGGGGAGGGGGGAGGGTGGTGGTGATCTGTGATGTCGCGTGGGGGGGAGGGGAGGTG

GAATGGTGGTGGCGATGCGGGTGGTATATGACTCGTGGTGGGGGGACGGGAAGGTCGTTGCCGCCCCAAATTACTGGACTGCCACTGCCCGCCCACCTCCCTGCCAATGGGCCAACCATCATGTTGTTAGCAGCCCATGGTAACCCTG

GTTTATTCGGTTCATTCGGTTTACATGGTTCGGTTTATACGGTTGTAGCTCATCAACCTCGTGGTTCCAACATCCCCATCATCTTGTAGCACCAGCCACATCCCCGATGGCAACAACCTCGTGGTGACCATCTTGCAGCTCGCAGGCC

CTGGACGCCGCAGGCATACCAGGGTGGTGTTGTGGATCTGATTTCTTCACCACACAAGCCCTCCGAAGACTTTGCGATGTCACAGGCAAAGGTTTAAGGCCTATTATGTTCTTCTCAGTAATCCTACATCACTTGGCATGAATCTAAA

TAAATTGATGATAACTCACTTTGCAGCTTGATTACAAACCCGCTGCTACATTGTCGGGTTTGGAAACAAATACCCCGAGGCATTGATCCCTTATGACGGTGTTAAGTATGGGTGCAAAGGAGGTACAGAAAGGAGAGTAAGAAGGCAA

ACCCTAATATCATCGTCAGAGCAATGGTTGCTGGTCCTGACAGGCATGATGGCTTCAAAGATGTCCGCAAGAACTACAACTGCACAGAGTCTTCTCTTGCACCAAATGCTGCTCCCTGCTCTGGTTGGCACTGCAAGCAAAACTAGTT

CAGTTGATAAGAACACAATCTTCTCAGCAATTCCCCCCATGCAAAGCAGAGGCCACAGACAGAAAGGAGACAACATCAGCAGCTAACATAGCTTCTAAATTCTGAACCTCTCGATAATTCCATGCATGATGAAATTGACGATCAGCAT

CAAACAAATAATCCGCCAATCATAGACTGGAACTTGTGTGCGATTTCTTAAACTAATTCTCGGATCCTTGTTATTCATATGCAAAGCTCATCTGCGAAGCCTTTTACTCAGATTGTACAGGCGCGACTTTCTCGTTGTAGTAAAAGAT

TTCTGTATCCTTCATACATACAGCTCGCTTCATCTTATTTCACTCATCTGTGTCTTCAATCCTAATACAGCACACCACTAATGGCCAATTCACTGTAGCCATCGTCCATGGTAGTTAAGCTCTGATATGCATGACGACAGAGCCTCCC

GTACCATCTTGTTGTTGCCCTCTACGTACAGGACGTCTTCGAACAGACTCTTTGCCTGCTCCAGCAGCCTTATCTTCTCCTTGTTGTTCCGAGACCGCAACTGGGACCGCTGCTGCAGCGTGCTGCCCCATCTGTAGAGAGCTGCAAC

GCCACATTGCTTACACATGAGCATCATACAAACAACCAGAGATGGAAAATGAAGTATCCAAGTTCACACTTGTAGGGAAATTCAGGCCAAAAAGCAGAGCGGTGTCGAACCTTCTGGAGCGTAAGTGTTGCTTTTGGATAACATGGCA

TCAAACTTGTCGATTGCAGCCAAATACACCCGGTCAGCATCTACTGCCGCTTCCTGCACCAGTTTTGATTTTCAGTAAATGTAACTAGAGTGCAGGTTTCAAGCCAAGTGCACAAATAGCAGAGCAAATTAACCTAAATACTTACCAG

CATGTTATTTTGTCGGGATGTGTTCAAGGATATGTAGTATTTCAAAATTTTAGGGTCAGAAACACTAGTTAAAAAATTACAAGAGGAAGTCTATGTTTATCAGCCTTAGTTCACCAATATCATGGGGCAACTATGTGACAATGCTAAT

ACCCTAAAAGGTGGTATTCAAAGACTATGACGTGATAAAGATGAAAACAGCTTGTTATGTGAGAATTTGTATATTTGATACAAGTATGTTGATGCACATACCGGTCCGATGTCGGCAAGCAGTTGGCCACGAAAGATAAGCGCCAGTC

CCCAATTGTACAGCGCCTTGACGTCGCCCGAATCAATTGACACAGCCGTCCTATAGCTTCTGCCAGCCTCAACAAGGAGGCTCTCACACTCCTCGCAAACGCCCACTAGCGCGGACGAAATGCTCTCTCTGTTAAGGATTCTTCTGTC

AAGCTTCCTGGACGGTGAGACACGCTCTCTTCCATTCAGATACGTCCCGCTGTTGGCCAGCAGCGTCCTCAGCTCGCGGCTAATCTTGAGCTTGAGCTCCCCATGGAGGAGGTAGGTGTTCCCTAGCTGACCGACTGCTACCAGGCTT

GTCGGCCTCAATGCCACGGCGGTGGACAGAAGCCTTGCTGACCTATACAGCAACGCGTCCGCGGCCTCTTCGTCGTCCCTGGCCATCATGCACTCCCTCGCCTTCCTCAAGATCTCCGCAGCCTCCTTGACGTTGCGGCTGAACTCTT

CAGCATCTGAACCCACAGCAGCACCACCACCCTCACCATCATCTGCAAGTGGCTGCTCATCGACACTGGCGGCAGCGCTGCCCACAAATTCATCAGCCGGCATCCCCCGTGCTCCACTCGCTCGGCTCTCACCGCCGTCGCGGCGCTC

GATCTTCAACCTGTACGACCTGTCCCGGATCTCGAGCGTCCTCTCCAGCAAGGAGGACTCGGCGGATTCAGCGGCGGCGAACCTGCCGCCTTCTTCAAAGCGACCGTCGCTCCTCGCCCTGCCGCCTTCTTCAAAGGGGCCATCATTT

TGCACCCTGCTGCCGCGGCCGTGCCTGTGCTTGGACACCAGCCTCTCCAGCCGGTCGTCGTCTTCCTGCCCACTCTCAGAACTGAACCCTGCATCCTCAAACGCATTGGCAGCATCATCCCTGCCATCAAATGGCAGCATGTCGAGCG

GCCGGGCGCTTCCGACGGCCGCTGAATCAACTGGCTTGTTTTCCCCATCCCCGTGCTGAGCTACAGCAGAGTCTGAATTACTCTTGGCATCGGCCGTAGAAGCAGCATCAGGGGCGGCGACGGCCTTGGCGGGCTTCTTCCGCGGCGA

GGCGAAGCTGAGCTCCCGCAGGGCTACCCGAGCCCAGCCGCCGATGTAGCCGGCGACCTCCCTGGCCACGTCCTGCAGCGCCCCGTCGTCCGGAGCGGCGCCGCCGGCTTTGGTGCTGCCCTGCCCCTGGTCGACCACCGCGGCCGCG

CACTCGAGGAGCGCATCGCGGGCGCGGTCGAGGGGCTCTAGGATGGGGCGGCCCCTATCGTCGTCGTCGGCCAGGAGGCGGTCCTTGAGGGAGAGGAGGCGGGCGTCGAGATCCGCGAGGAGGGCGGCGGGGCGCTGGCCGGAGGAGG

GGGCGGGGGCGGGGGCGAGGTGCCTGGCGGTGGCGAACCCGGCGGCGAAGACGGCGGCGAGGAGCGGGGCGGGCGGGAGGCGGGAGAGGGAGAGCGCGGCGACCGGGAGGAGGAGGAGGAGCGGGGCGGCGGCGAGGGATTGCTGCGT

GACGCGGAGGAAGGGGAGGCCCAGCGGGTCGTCGGCGGCGGGGAGGTCGGCCCAGCCGTTGTAGGACGCGGCGGATGAGCAGCAGCAACGGGTGGATGTGGATGTGGATGTGCGGGTGGAGGCTCGATGCGGGCGGGATCGGACGGGG

AGGAGGGGCCGGTGGCGGAGGCGGGAAGGTGTCGGCGGCCTGGAGAGGAGGGGGAGGAAGAGGGGCTGCGAGGAGGGAGGAGAAGGGAGGGCAGAAACGGCGGAGGATGCCGCCATTATCCCACCCCACCGCTGCCTCCTCCGCCTGT

CTACCTTTTTTCAGTGCGAAATATCCCACCATGTCACAATTCTGCGTTACACTGATTCGCCGTCTTTCTTTCTTATCAAATCTATTATGAAAACTCATCAAAAGTACAAAAAAAATCCCAAATATAATAATAAAAAAACACATCAAGA

TTTCAAGACCACCCAACAAACATTTGACGTCGTGACGTGCCGCCGCCGTCACCCGTCTACTGAATACGGCTTGACCTTACCGATGATGACCTTCAAGTCCTCGCGCGCGTGCCTCCAAGGAGCAGCGCCCTGGAGCAGCAGTCGGCGT

CGTCGGCGTTTAACCCTTGCATAGATCTTAAGCACCTGACCCCAAATCTCACACGTGACAAGGAACCCTAAGCTCGCCGCTCCAAACACACGCCAATCTATGTCGGAGCTCCGTCAACTTCGTCCACCTGGACAAGCTCGACGAAGAG

CAAAGCCTGGAAAGACAAACTTGAAGAAGGAGAGTCTCCATCCCCCCGGACTGGAAAACCTAACCTTAAACTATTAATGCAAGTGAAGGCACTGAGAGTCTCCCTCCCTGCTACTAGCCGCCGAAGTTTATGCCCTGAGAGTCTCCAA

ATAATTCTTGGATTCACCCCTTTACAACAGTAAAATCTCTGCTACTCCATTGGATTACTCAAAAATCTATTATAAAAAATAGTAAAATCAAAAGAAATGATGGAAACTATTTAGAAAAACTGGATTTTCTTTCGTAACATTCAAAATC

AAAGCTACAATTCTTAAAAACAATGTTTAATGAATAGTAGGGTCCCAAATTGATTTTGTTCACTAAGAGTATCACGGGTGTCATTACTTACAAACTTCAGCAATTTTGGTACTTTAAAATTACAGAATTTTTTATTCTTTCTATTTTT

TAAGTAGTAGACATTTTAAGAATTTGATCGTTAGGACCGTTTAGGGGAATTTTTTTTAAGGTAGATCCAACTACCCAAAAGAATGGACTTACACCAAAAAGATAATTCGGTGGCCATATGAATTTTAGGTGACTTACATAAACAGAAA

TCAATTTATGTGAAACTGCTGCGTTTCCCATCCGTGCAAATTTGAGCAGGGAAGTTTGACAAAAATAAAATTTAAAGGGGTTAAAGTATGTTCTACAATAATTTTAACACAAAAAAAGAAAGGATGCAACAATAATACAGTAGCATTC

AAGCTACAGAAATGCCAACCACATCATCACAGTATCTAACTCCACTTCCATAAACAGAAGACAGCACTGAATTTGAGATGAAAAACCAAATGATAGTAATATATGCAACATCAATCAACAGGTCTTTCCAAAAAAATCCAACACTTGT

TATAAATATACAAACACATACAGCAGCAGCACAGCCTTACCTTATTCTTACCAGTCCCCTCTTTCTCTCTACAAAATGCAATGACAATATTAACGAATAAAGTTTGCTGGTCCCATAAGTGACAACCCTCCTGCTCATAATAACAAAC

TCAAATTAATAATGGTACACTGCGTGTGTCTCCGCCATGATTCCCCGTGGTGAACTCAAGACGATCTCACCACCTCGCATCGTATGTGGCCTTCACGCTCCTTCCCCATCTCTCCTGGAACAATTCTACTGACACCCAAATATAACCC

TATTGTGAAGGATTAGCAGCTGACCGAAGCCACCCTCGTTCAGGCAGCGGCGACGGGCTCAGCTGGTGGCACAGGGGCTGCTGCTGCTGCTGCGGGGGCAGCGGCGGCGGGTGCAGCGTTCTCCTTCTCAGGGACAGTGCCGTTGGCA

GGGGCATCCTTGGCAGCAGGTGTCGCTGCCGCCTTAGCGCCGTCCTTGCCGGCGGCGGCCGGAGCTCCGTCCTTCCCGGCAGGTGCCGCGGCGGGTGGTGGAGGTGGCTTCATGTGTGGCGGCGGTGTGTGCTTCAGGTTCGACAGGA

TCTGGCGCATCCGTGCCATGTCTGTGGCCTTCCCGGGCTTGGGGCCCTGGACCACGATGATCCCAGGCTTCTTGTCCTTGTCCTTCTTGCCGGTTCTCTTCTCGATGTGCGCAATCTCCTGTGGGATGAGCTCGGATATCGCCTTCCA

GTACTGCTTGTCTGCTCCCTTGTGGAACTTCTCCTGGTTGGAGAGGAAAAGCTGATAGCAAGCAGTAACACAGGGAGAGAACAAAAGGAGATGTCAGGTAACCATATGTTGTTCGAAAAGTGCAGAGAGAATACACAGGATCATGATG

TTAAGAAATACTCTACCTTCTCCCTTTCCCGGTTGTGATCCTTGCTTGTCTCAAGGTTCAGCTTGCGCTTCTCGACGAAACCCTTCTTGAACTCTTCAGCTTCAAGGATGATTTGGCTCCTCAGCTCCTTCTCGTGCTTCTCCTTTTC

CTCCAGGAGGAGTGCATTTTGACTGTTCACAGCAGGTGTTAGCATTTACTTTTGCACAATACAGATGAAATCAAGTAGTAAAAATTGCAGTACTTATTCTTTAGCAGATATGGCCTCTGCTCAAGATATTTAATGCAACACTAGTGTT

GTAGTTGATGATATCGAAAACAGGGCCTACAACGATTTATATAAAGACATTCTCTGGTCCGGAAGTCAGATCTGGAGTCATATGTTACATCTTTATCTGAAAGTTTATTTCGTACTGGCCACAGCAAACTGCATACTTTGGTGCAGGG

GTTTAAGTAGACAAATAGTGCACTGGAGGAAACATAACAGAAAGGATAATAGAAGCAAACACTTCCTATAGGGGAAAATAACACCAACATAATCAAGAACACTACTTTAGTTTTTGGAAAGCTCTCTTTTTGGACACCGCACTTTGAC

TACCTACATATATGTCAATATTTATATTGGATAACTGGAAGAGGAAGTCAAGTGTAGATTTGTCTCAACAAATAGCCAGTTTGAGAAACCAAAAAAATAAACTTGAATCATACAAAAATACAGGCTTATGTGTATTTGCCACTATGAG

CTAGAAATAAGAACAAGGGAAGTCAATTTCATTTTTCAATTCCCTTTAGATAATAAAACTAAAGAGGCAGCTACACACAGAGAGTCCTATAGATTCAAACTTGCAGTTTCATCATGCAATTGGACCTTCTTGATTTGATATCCTGAAT

TACAAAATCCCAGGTTTAAATAAAATTGTGCACCTAATGTGCCACAAGATCAGCTAGCCTGAGAAAATGTTCCAGCAAGATGAATCATTTTTATCATACTACTACAAGGTCATGATGGAAAAAGTTATGGCAGTGACACAAACATATT

CCTAGTGCAAAAACATGACTTCGGTGACCAATTTGTATGGCAATTGCTCCTAAGCAGCTAAATTTCTACTGCAAAAGCCGCAAAGGCAGTAGATCACATCATCATATGGCAGATTCCAAGCAATCATTTGCTTTTATTCAGCTAAAAT

CCTAGTGTACTGAGGGTGCGAAGGCACTGGGTCACACCATCATACAGCAAGTGCACTGAATTCCAAGCAATCATTTATTCTTGTTCAGCTTAAATCCTAGCGTAGTACTGAAGCAGCGAAGACCGTGGATCACATCAACATTTTCATT

TTCCTGTTGGCAAAACCTAACACTGCAGTCACACCCAGAGAGTCCCAGGCAGTAAAAATTGGAATTTGATCATGTGATTCCGGCTGCGCTTTGTTGACCTGACACCACCCACTACAAAATCCCAGATTTAAAATACCTACTTAGCGTG

TCTCAAGCTTAGCTAACCGTGAGAAGAAGTTGCAGCAAGCTGAGCCCTTTTTACCTCATTAACAACAACTCATGGTTCAAACTGCTGCTTCGATCACTTCCAAGCTACTAACCACGAGTACGGTGACCGGTTTGCACGTCAATTGCTC

TAATTCAGCTAAAATTCTAGTGTGCTGAAGCTGGAGTCGCTGGATAACAGCATCACATGGCACGGGCACCGGATTTCGAGCAGGTGTTGGCCTGAGAGACCGAATCTGCACCACAACGATGGAATCTCGCGGATACATCAGCTCAGCG

CCCCAGATAATGGCAATGGCAAGCGGGAGCCCAGATCGCGACCCAGCGCTGCAGATCTACGGCCCCCACGAACCCAACCCGCCACGATCGCGCGGCTAGATCCAGCAGGAGCAACCACCGAGCCGGGCGAGATCGATCAGATCTGGGC

GAGAGGAGGAAGGAGACGGAGCGCACGTACCGGCGCCACTCGCGGAGGAGGAAGCCCTCGTCGGCCCCCATCTGGGCGGGGTCGGGGAGGACGGGGCCGGGGTCGGTGAAGAGGCCGTCGTCGGCGTCGACCTCGTGGTGCATGCCGT

TGCCGTTGGAGTCGGGCATGCCGAAGGGGTGCGCGGCGGCGGAGTCGTGGCGGAAGGCGTAGGGGTCGGGGGAGGCCGGGAAGTCGTCGGCGCCCCCGGAGACGTGGACGTCGGCCGCGGCGGGGGTGGGGGAGTCGGCGAAGCTGAG

GAAGGGGTCGTCGTGGAAGGACGCGGCGGCCGGGGAGGAGGTCGGCGAGTCGAAGGCGGTCGCCATGGGCGATGGGGTCGGGATCTGGGCTGGGGGAGGGGGGAGGGTGGTGGTGATCTGTGATGTCGCGTGGGGGGGAGGGGAGGTG

GAATGGTGGTGGCGATGCGGGTGGTATATGACTCGTGGTGGGGGGACGGGAAGGTCGTTGCCGCCCCAAATTACTGGACTGCCACTGCCCGCCCACCTCCCTGCCAATGGGCCAACCATCATGTTGTTAGCAGCCCATGGTAACCCTG

GTTTATTCGGTTCATTCGGTTTACATGGTTCGGTTTATACGGTTGTAGCTCATCAACCTCGTGGTTCCAACATCCCCATCATCTTGTAGCACCAGCCACATCCCCGATGGCAACAACCTCGTGGTGACCATCTTGCAGCTCGCAGGCC



o Transposons (85%)
o Genes (2%)

1st genome seq assembled: 
Chinese Spring (IWGSC Science 2018)

o 4 million TEs
o ~107,000 genes

❖Genome composition



• T. aestivum
▪ Chinese Spring (Illumina)
▪ 10 other varieties (Illumina)
▪ Zang1817 (Illumina)
▪ Fielder (Pacbio)
▪ Kariega (Pacbio)
▪ Renan (ONT)
▪ Attraktion (Pacbio)

• T. urartu AA

IWGSC 2018
Walkowiak et al. 2020
Guo et al. 2020
Sato et al. 2021
Athiyannan et al. 2022
Aury et al. 2022
Kale et al. 2022

• T. durum AABB
• T. dicoccoides AABB

• Ae. tauschii DD
• Ae. searsii DD
• Ae. bicornis DD
• Ae. longissima DD
• Ae. sharonensis DD

• Ae. speltoides SS

core

dispensable

=pangenome

❖ Pangenomics



Chinese Spring

Renan

B

A

D

B

A

D

PAV CNV

core

dispensable

=pangenome

➢ Chromosome-scale assemblies required

➢ Quality of annotation matters

❖ Pangenomics



❖Renan

Chinese Spring Renan

Renan chr7D

Chinese Spring chr7D telomere

telomere

30 Mb, ~500 genes

✓ Nanopore

✓ Bionano

✓ HiC

✓ Illumina



❖Genes



o Predicting genes is not trivial
➢ de novo gene prediction not adapted to pangenomics

❖Gene annotation



o Predicting genes is not trivial
➢ de novo gene prediction not adapted to pangenomics

o Mapping a reference gene set sounds better

Chinese Spring Renan

107k genes
Gmap 88% of genes 

mapped 
unambiguously

➢ Develop MAGATT (H. Rimbert)

❖Gene annotation



mRNA

gene

locus

o Mapping a reference gene set sounds better

➢ Develop MAGATT (H. Rimbert)

o Predicting genes is not trivial
➢ de novo gene prediction not adapted to pangenomics

❖Gene annotation



MAGATT 98% of genes 
mapped 

unambiguously

107k genes
Gmap 88% of genes 

mapped 
unambiguously

Chinese Spring Renan

o Mapping a reference gene set sounds better

➢ Develop MAGATT (H. Rimbert)

o Predicting genes is not trivial
➢ de novo gene prediction not adapted to pangenomics

❖Gene annotation



❖ Transposons



D

B

A

➢ Equilibrium model of evolution

PhD Nathan Papon (2019-2023)

B

B

AA BB DD

AABB

3..6

AABBDD

common 
ancestor

0

2

1

~0.01

~0.5

Myrs

AA BB DD

AABB

3..6

AABBDD

common 
ancestor

0

2

1

~0.01

~0.5

Myrs

❖ Transposon dynamics



conserved variable

• How variable is the TE space? 
• Which TE families are active?
• Impact of polyploidization? 

• Method: bp-resolved gene anchored whole-genome alignments

➢ 5 .. 15%
➢ ~ all
➢ none

➢ Transposition highly regulated; transposons may be selected for their 
role in shaping a functional genome architecture

❖ Transposon dynamics
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Les logos doivent être apposés selon les règles suivantes : 

 Le logo Union européenne et le logo L’Europe s’engage en région Auvergne-
Rhône-Alpes avec le FEDER sont toujours utilisés ensemble. Ils forment un bloc. 

 Le logo L’Europe s’engage en région Auvergne-Rhône-Alpes avec le FEDER doit 
toujours être à gauche du logo Union européenne. 

 La hauteur du bloc texte de logo L’Europe s’engage en région Auvergne-Rhône-
Alpes avec le FEDER est égale à la hauteur du logo Union européenne (drapeau + 

mention texte). 
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3. le logo de la Région Auvergne-Rhône-Alpes* (si cofinancement régional apporté 

au projet et idem pour les logos des autres cofinanceurs) 
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*Pour le logo de la Région Auvergne-Rhône-Alpes, les bénéficiaires doivent bien télécharger le 
logo destiné aux partenaires de la Région sur « l’Espace téléchargement pour les partenaires » 
via le lien http://www.auvergnerhonealpes.fr/71-logo.htm  
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outils » sur le site « Faisons vivre l’Europe » (http://www.auvergne.fr/faisonsvivreleurope/) les 
logos, le Kit de publicité, la charte graphique d’utilisation des logotypes. 
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