


the genetics revolution

whole genome 
sequencing is coming, 

ready or not

Darren Monckton



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the human genome project

1985



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the human genome project

2001



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the human genome project

$3,000,000,000



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the human genome project

3,000,000,000 bp



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the first diploid human genome 
sequence

Craig Venter

2007

$10,000,000



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

first generation sequencing 
technologies

• 1970s chemistry

• 50,000 bp day-1



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

next generation sequencing 
technologies

• new chemistry

• massively parallel
• 100,000,000 bp day-1



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

diploid human genome sequences

Jim Watson, 2007
$1,500,000

NA18507
Yoruban

2008
$250,000

YH
Han Chinese

2008
$500,000



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

cancer genome sequencing

 UPN 933124
Caucasian female

acute myeloid leukaemia
2008



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 1,000 genomes project

4 years



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 1,000 genomes project

~$4,000 genome-1



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 1,000 genomes project

38,000,000 
polymorphisms



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

identification of disease genes



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

de novo germline mutations and disease



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

age dependent germline mutations 
in men



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

whole genome sequencing of the foetus



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the cancer genome



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

tracing infectious disease outbreaks



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

tracking infection in a single individual



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

tracing historical disease outbreaks



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 100,000 foodborne pathogens 
genome project

Salmonella, Campylobacter, 
enteropathogenic E. coli, Listeria 

monocytogenes, Vibrio, Shigella............ 



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the microbiome

• 252 faecal metagenomes from 207 individuals
• 7.4 billion reads

• identified 101 species
• 10.3 million polymorphisms

• microbiome is more variable than the host



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the microbiome and complex disorders

• 145 faecal metagenomes from European women with 
normal, impaired or diabetic glucose control

• 453 Gb of sequence

• Lactobacillus up and Clostridium
down in T2D

• metagenome better at predicting T2D than BMI, waist hip 
ratio and waist circumference



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

>2,500 bacteria

genome sequences



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the tiger genome and coat colour 
variation

• the white 
phenotype is 

caused by a 1 bp 
mutation in 
SLC45A2



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the African coelacanth genome

• thought to have been extinct for 65,000,000 years

• rediscovered in 1938 by Marjorie Courtenay-Latimer

• protein coding genes evolving at about half the speed of 
tetrapods

http://en.wikipedia.org/wiki/Marjorie_Courtenay-Latimer
http://en.wikipedia.org/wiki/Marjorie_Courtenay-Latimer


GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

genome sequences



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

genome sequences of extinct species



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

environmental genetics



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

DNA sequencing costs and Moore’s law

$0.0

$0.1

$1.0

$10.0

$100.0

$1,000.0

$10,000.0
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cost Mb-1

Moore’s law



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

DNA sequence data deluge

• 20,000,000 bp run-1

• $80,000 machine-1

• $300 run-1

• 200,000,000,000 bp run-1

• $500,000 machine-1

• $10,000 run-1



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

DNA sequence data deluge

• 200,000,000,000 bp run-1

• 150 machines

• 1 million humans
• 1 million plant and animal species

• 1 million microecosystems



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

next next generation sequencing 
technologies

 Oxford Nanopore



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 100,000 Britons genome project

2012



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 100,000 Britons genome project

£100,000,000



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

the 100,000 Britons genome project

• rare diseases and cancer



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

genetic testing for rare diseases

• cascade testing, one gene at a time

• disease panels - testing of 50-200 genes

• whole exome sequencing

• whole genome sequencing

• incidental findings?



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA

genetic testing for everybody

• predisposition to 
common disorders

• pharmacogenomics
• stratified medicine
• personalised medicine



GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA
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GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA 
TGAAACTTAAACTTGTATGTTACAGAGCCTTGCAGAACCTTAGTTATCAGGCTTTCTTGGATTCTGTTGA 
CATTTAGATCCTCAGAGATTTACTTTTTGAATGTATACATACCCAGTTCTATGTAACAGATTAACTTGTA 
ATACGTTCTCTTAAAGCACTTTTAAAGTAAGCCCAAAGTAAGTAGAATGGGCATCTGGTTTGAGAATTAA 
AAAACTCACTAGTGGGATTTCAACACCACCACATCTGGGTTCTTCTAGCCGTTTTTTGCCGCCCTTGCAA 
ATTTTAAATGTGCTTATATTTTTGCATAGTGGGTCCAGACTTCTCATTTTGGCAAAAGGTTCTTTGTAAT 
TGGCCCGCTGACTGCCTCTCTAGTCTGTTTTTGCTGATACTCAAGAAAATAAATGGTAACTTGGTGATTG 
AGGAAATAACACACACAAAAAACACCCCATACGTAGTATGGTAGTGCTGAAAAGGAAGCAAGTGGTTATT 
AAGCCCAAGACAGTGGCAGAGGTCTATCGAACAAGCGGAGTCGCCTAGGACCAGGCATAGTGGAAATGAT 
CCCGGAGAGAACATCTTGAATGAAGCCAGGAAGTCAGCGGGCCAGAGGTTGTACAGGGGCTCTGCGGTTG 
GCGTGGCTGAGGTTGAGGCCACAAGTTACTGGGGAAGTTAATTGTTGACAGGAGCTTCGTACTCGGCTCA 
CAGCCACGCACAGTGGGCTTCCTCCCAGTACCCGCCCTTGCCCCTGGGCCTAACCCTGCCCTGGAGGCGG 
ACTCGCGGGAGAAGCGGGAGGCGGAACGCCCGAGGGCGCCCTCGGCTGGCGCGGAGCTGCGCAGGAGGCT 
GACGCGCTAGCGTGGCTCTAAGACGCGTCACCCACGCTGCGGGCAAGCCATGGCGGGAAGCGAGCCGCGC 
AGCGGAACAAACTCGCCGCCGCCGCCCTTCAGCGACTGGGGCCGCCTGGAGGCGGCCATCCTCAGCGGCT 
GGAAGACCTTCTGGCAGTCAGTGAGCAAGGAGAGGGTGGCGCGTACGACCTCACGGGAGGAGGTGGATGA 
GGCGGCCAGCACCCTGACGCGGCTGCCGGTGAGCGTCGGCCGCAGGCCGCGGAGGACAGTGGGGCCGGCC 
CGGGCCGGAGGGACCTCCCCTGGAGCCCCCCGGGGCCTGGGGAACTCTCGCGCCCCGGCCTGGGTCTGGC 
TCCGTCCATGCAGCCATTCCTGGCAGTGTAGTCACCGAGAAGCTACAGTTGATCAGAAGCGTCTTGGCGT 
GGACCCTGGTGCTCCGCAGGGGGCCCGAACATCTCAGGGAAGCACCTTCATGGGGCCCCTGGGGACCCTC 
CCGATCGCCCTCAGGTTTTCCACCCGCCAAAACAGGCACATGTGACTAGGACACCCTGAATGTCCGGTTA 
CGGAAATGAGACAGTTCCCAACTTGCTGATTAGCTTGGGAAAGCATTCCAGCGTCCCTGTTCCCAGCGTC 
GAGCATATTATTCACTCTCCTTTTATAAATGTTCAAAATTTTCCGTAATAAAGTTTTTCTCATTCATTTA 
ACAGATATCATTTTAATACTTTATACTTGAACTGATTTTTTTTCTTGCTCTAGTTCGTTTTTTGCTCTCA 
AAGTAAATCGTGTCCTAGAAAGTGATGAGAAATGCCATATGGTTAATCCGTGGTCCTTGTCCAGATTGCC 
TCCCAAAAACGAGGCTGCAATTTTATTGGTTATTGGCCCCTACCAACAACATGCAAATAATAAAATGTAA
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