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GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT
GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT
AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT
TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA
TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT
AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT
CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC
CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC
TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC
TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG
AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG
TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT
CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG
GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC
TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG
CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT
TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT
TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG
TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA
GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA
ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT
GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT
TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT
CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA
GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC
CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA
CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT
CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT
TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC
CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA
TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG
TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG
TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA
TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT
TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA
GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT
TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA
GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC
TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT
GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA
AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA
GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG
GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT
GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG
ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG
CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT
TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT
GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAAACACAGACAGAAGGACAGATGGAGAGATGGT
GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG
AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT
GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC
CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG
GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT
GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG
AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT
TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC
TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCTC
AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG
CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC
AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG
AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA
GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG
GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC
TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG
CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA
GGGCCACAGGGTGGGGCCTAAATTCCATCCTGCGGGATCCCAGGTCAGGAACAAGGCCCAGGGATGCTGCTT
CTGGGTCTGAACCCCAGGTATGGGTCAAGAGGGCTCCAACTTCAAGGGTGAGGTTATTCATGGTAGAAGAAA
CTGTAAGTCTCCCAGGACATTCCCTCCATGTAAGCAGGAAGCTGCCCCTTTGCTTCCCAAGACAAAAAGGTA
TGAGGCTGGTTGTCCAGCACCGACCCACCCTGGGGCTGGAAAGGCTGGGAGGGCAGGTTGGCACATTCCCAG
TTTGAGGGAGCCAGGTGTATTCCTGAGCCTGGGCATTGGATGAAAATGTTAGGGTGGGCCTATGATTAGGCC
TGAGAGGTTGTTTGTCTCCCATCAGTGGAGCTGGCAATCTGACGATGCCTCTCTTTGGACCCTGGCCTTCAG
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GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT


GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT


AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT


TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA


TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT


AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT


CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC


CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC


TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC


TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG


AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG


TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT


CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG


GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC


TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG


CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT


TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT


TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG


TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA


GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA


ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT


GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT


TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT


CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA


GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC


CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA


CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT


CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT


TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC


CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA


TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG


TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG


TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA


TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT


TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA


GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT


TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA


GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC


TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT


GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA


AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA


GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG


GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT


GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG


ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG


CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT


TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT


GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAAACACAGACAGAAGGACAGATGGAGAGATGGT


GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG


AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT


GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC


CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG


GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT


GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG


AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT


TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC


TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCTC


AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG


CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC


AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG


AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA


GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG


GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC


TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG


CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA


GGGCCACAGGGTGGGGCCTAAATTCCATCCTGCGGGATCCCAGGTCAGGAACAAGGCCCAGGGATGCTGCTT


CTGGGTCTGAACCCCAGGTATGGGTCAAGAGGGCTCCAACTTCAAGGGTGAGGTTATTCATGGTAGAAGAAA


CTGTAAGTCTCCCAGGACATTCCCTCCATGTAAGCAGGAAGCTGCCCCTTTGCTTCCCAAGACAAAAAGGTA


TGAGGCTGGTTGTCCAGCACCGACCCACCCTGGGGCTGGAAAGGCTGGGAGGGCAGGTTGGCACATTCCCAG


TTTGAGGGAGCCAGGTGTATTCCTGAGCCTGGGCATTGGATGAAAATGTTAGGGTGGGCCTATGATTAGGCC


TGAGAGGTTGTTTGTCTCCCATCAGTGGAGCTGGCAATCTGACGATGCCTCTCTTTGGACCCTGGCCTTCAG



GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT
GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT
AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT
TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA
TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT
AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT
CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC
CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC
TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC
TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG
AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG
TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT
CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG
GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC
TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG
CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT
TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT
TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG
TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA
GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA
ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT
GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT
TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT
CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA
GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC
CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA
CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT
CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT
TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC
CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA
TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG
TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG
TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA
TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT
TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA
GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT
TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA
GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC
TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT
GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA
AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA
GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG
GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT
GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG
ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG
CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT
TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT
GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAAACACAGACAGAAGGACAGATGGAGAGATGGT
GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG
AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT
GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC
CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG
GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT
GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG
AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT
TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC
TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCTC
AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG
CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC
AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG
AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA
GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG
GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC
TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG
CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA
GGGCCACAGGGTGGGGCCTAAATTCCATCCTGCGGGATCCCAGGTCAGGAACAAGGCCCAGGGATGCTGCTT
CTGGGTCTGAACCCCAGGTATGGGTCAAGAGGGCTCCAACTTCAAGGGTGAGGTTATTCATGGTAGAAGAAA
CTGTAAGTCTCCCAGGACATTCCCTCCATGTAAGCAGGAAGCTGCCCCTTTGCTTCCCAAGACAAAAAGGTA
TGAGGCTGGTTGTCCAGCACCGACCCACCCTGGGGCTGGAAAGGCTGGGAGGGCAGGTTGGCACATTCCCAG
TTTGAGGGAGCCAGGTGTATTCCTGAGCCTGGGCATTGGATGAAAATGTTAGGGTGGGCCTATGATTAGGCC
TGAGAGGTTGTTTGTCTCCCATCAGTGGAGCTGGCAATCTGACGATGCCTCTCTTTGGACCCTGGCCTTCAG
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GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT


GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT


AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT


TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA


TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT


AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT


CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC


CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC


TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC


TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG


AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG


TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT


CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG


GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC


TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG


CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT


TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT


TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG


TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA


GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA


ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT


GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT


TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT


CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA


GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC


CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA


CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT


CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT


TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC


CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA


TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG


TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG


TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA


TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT


TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA


GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT


TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA


GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC


TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT


GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA


AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA


GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG


GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT


GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG


ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG


CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT


TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT


GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAAACACAGACAGAAGGACAGATGGAGAGATGGT


GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG


AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT


GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC


CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG


GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT


GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG


AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT


TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC


TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCTC


AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG


CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC


AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG


AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA


GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG


GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC


TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG


CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA


GGGCCACAGGGTGGGGCCTAAATTCCATCCTGCGGGATCCCAGGTCAGGAACAAGGCCCAGGGATGCTGCTT


CTGGGTCTGAACCCCAGGTATGGGTCAAGAGGGCTCCAACTTCAAGGGTGAGGTTATTCATGGTAGAAGAAA


CTGTAAGTCTCCCAGGACATTCCCTCCATGTAAGCAGGAAGCTGCCCCTTTGCTTCCCAAGACAAAAAGGTA


TGAGGCTGGTTGTCCAGCACCGACCCACCCTGGGGCTGGAAAGGCTGGGAGGGCAGGTTGGCACATTCCCAG


TTTGAGGGAGCCAGGTGTATTCCTGAGCCTGGGCATTGGATGAAAATGTTAGGGTGGGCCTATGATTAGGCC


TGAGAGGTTGTTTGTCTCCCATCAGTGGAGCTGGCAATCTGACGATGCCTCTCTTTGGACCCTGGCCTTCAG



 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

CAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGAC  
GGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGG  

TTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGT  
AGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCT  
ACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGAC  
AGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATG  

GCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATA  
AAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGG  

AGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAG  
CAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAG  
GGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGG  
ATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGG  
AGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCA  
GCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTC  
GACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTG  

CAGGTGTTTGTTGGGCCAACGAGTGCAT�GATGG  
GCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTA  
CCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGA  
GTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCAC  
AGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCA  
GTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCAC  
AGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCA  
ATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGC  

GGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGG  
GAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCC  
CAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCT  
CCTCACATCTGTGAAACCCACAGTAATGGGGCTGACA  

CTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCA  
CCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCA  

AACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGA  
GCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAA  
GGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGA  

GGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGC  

Gene alterations (mutations) are usually small

 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

C C C C C C C C G C  
CCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGA  
AGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTC  

GTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTT  
GACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTG  

GTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCC  
CTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCT  
GTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCC  

CATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATA  
AAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCT  

GAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTG  
AGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATG  
GAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCT  
TAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATT  

GGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGG  
CTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGT  
ACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCA  

AGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAA  
CCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGG  

CAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAG  
CCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCT  
GGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTG  
TATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCA  

GGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGG  
TGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGA  
TTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCC  

AAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTG  
AGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCC  
CTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCC  
TGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAA  

CAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTG  
CCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGG  
CTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGC  

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

CAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGAC  
GGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGG  

TTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGT  
AGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCT  
ACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGAC  
AGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATG  

GCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATA  
AAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGG  

AGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAG  
CAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAG  
GGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGG  
ATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGG  
AGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCA  
GCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTC  
GACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTG  

CAGGTGTTTGTTGGGCCAACGAGTGCAT  GATGG  
GCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTA  
CCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGA  
GTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCAC  
AGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCA  
GTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCAC  
AGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCA  
ATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGC  

GGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGG  
GAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCC  
CAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCT  
CCTCACATCTGTGAAACCCACAGTAATGGGGCTGACA  

CTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCA  
CCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCA  

AACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGA  
GCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAA  
GGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGA  

GGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGC  

And can occur anywhere within a gene 


GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT


GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT


AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT


TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA


TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT


AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT


CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC


CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC


TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC


TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG


AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG


TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT


CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG


GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC


TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG


CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT


TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT


TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG


TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA


GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA


ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT


GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT


TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT


CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA


GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC


CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA


CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT


CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT


TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC


CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA


TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG


TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG


TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA


TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT


TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA


GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT


TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA


GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC


TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT


GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA


AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA


GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG


GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT


GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG


ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG


CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT


TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT


GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCAT(GATGGAAACACAGACAGAAGGACAGATGGAGAGAT


GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG


AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT


GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC


CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG


GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT


GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG


AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT


TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC


TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCT


AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG


CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC


AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG


AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA


GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG


GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC


TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG


CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA



GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT


GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT


AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT


TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA


TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT


AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT


CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC


CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC


TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC


TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG


AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG


TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT


CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG


GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC


TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG


CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT


TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT


TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG


TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA


GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA


ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT


GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT


TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT


CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA


GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC


CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA


CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT


CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT


TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC


CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA


TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG


TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG


TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA


TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT


TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA


GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT


TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA


GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC


TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT


GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA


AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA


GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG


GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT


GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG


ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG


CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT


TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT


GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCATGGATGGAAACACAGACAGAAGGACAGATGGAGAGAT


GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG


AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT


GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC


CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG


GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT


GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG


AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT


TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC


TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCT


AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG


CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC


AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG


AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA


GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG


GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC


TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG


CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA



GATCTGATAAGTCCCAGGACTTCAGAAGAGCTGTGAGACCTTGGCCAAGTCACTTCCTCCTTCAGGAACATT


GCAGTGGGCCTAAGTGCCTCCTCTCGGGACTGGTATGGGGACGGTCATGCAATCTGGACAACATTCACCTTT


AAAAGTTTATTGATCTTTTGTGACATGCACGTGGGTTCCCAGTAGCAAGAAACTAAAGGGTCGCAGGCCGGT


TTCTGCTAATTTCTTTAATTCCAAGACAGTCTCAAATATTTTCTTATTAACTTCCTGGAGGGAGGCTTATCA


TTCTCTCTTTTGGATGATTCTAAGTACCAGCTAAAATACAGCTATCATTCATTTTCCTTGATTTGGGAGCCT


AATTTCTTTAATTTAGTATGCAAGAAAACCAATTTGGAAATATCAACTGTTTTGGAAACCTTAGACCTAGGT


CATCCTTAGTAAGATCTTCCCATTTATATAAATACTTGCAAGTAGTAGTGCCATAATTACCAAACATAAAGC


CAACTGAGATGCCCAAAGGGGGCCACTCTCCTTGCTTTTCCTCCTTTTTAGAGGATTTATTTCCCATTTTTC


TTAAAAAGGAAGAACAAACTGTGCCCTAGGGTTTACTGTGTCAGAACAGAGTGTGCCGATTGTGGTCAGGAC


TCCATAGCATTTCACCATTGAGTTATTTCCGCCCCCTTACGTGTCTCTCTTCAGCGGTCTATTATCTCCAAG


AGGGCATAAAACACTGAGTAAACAGCTCTTTTATATGTGTTTCCTGGATGAGCCTTCTTTTAATTAATTTTG


TTAAGGGATTTCCTCTAGGGCCACTGCACGTCATGGGGAGTCACCCCCAGACACTCCCAATTGGCCCCTTGT


CACCCAGGGGCACATTTCAGCTATTTGTAAAACCTGAAATCACTAGAAAGGAATGTCTAGTGACTTGTGGGG


GCCAAGGCCCTTGTTATGGGGATGAAGGCTCTTAGGTGGTAGCCCTCCAAGAGAATAGATGGTGAATGTCTC


TTTTCAGACATTAAAGGTGTCAGACTCTCAGTTAATCTCTCCTAGATCCAGGAAAGGCCTAGAAAAGGAAGG


CCTGACTGCATTAATGGAGATTCTCTCCATGTGCAAAATTTCCTCCACAAAAGAAATCCTTGCAGGGCCATT


TTAATGTGTTGGCCCTGTGACAGCCATTTCAAAATATGTCAAAAAATATATTTTGGAGTAAAATACTTTCAT


TTTCCTTCAGAGTCTGCTGTCGTATGATGCCATACCAGAGTCAGGTTGGAAAGTAAGCCACATTATACAGCG


TTAACCTAAAAAAACAAAAAACTGTCTAACAAGATTTTATGGTTTATAGAGCATGATTCCCCGGACACATTA


GATAGAAATCTGGGCAAGAGAAGAAAAAAAGGTCAGAGTTTAATCCTCATTCCTAAGTTATGTAAACCAAAA


ATAAAATTCTGAAGATGTCCTGATCATCTGAATGGACCCTTCCTCTGGACCAGGGCATTCCAAAGTTAACCT


GAAAATTGGTTTGGGCCATGATGGGAAGGGAGGTTTGGATATGCCTCATTATGCCCTCTTCCCTTTCAGAAT


TCAGGAAAAGCCAACCAGCATTAACATCAACACAGATTTTCAGATCTTAGGTTTCTTTCCGATCTATTCTCT


CTGAACCCTGCTACCTGGAGGCTTCATCTGCATAATAAAACTTTAGTCTCCACAACCCCTTATCTTACCCCA


GACATTCCTTTCTATTGATAATAACTCTTTCAACCAATTGCCAATCAGGGTATGTTTAAATCTACCTATGAC


CTGGAAGCCCCCACTTTGCACCCTGAGATCAAACCAGTGCAAATCTTATATGTATTGATTTGTCAATGAAAA


CAGTCAAAGCCAGTCAGGCACAGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTAGAT


CACCTGAGGTCAGGAGTTCGACACCAGCCTGGCCAACATGGTGAAACCCCGTCCCTACTAAAATACAAAAAT


TAGCCCAGCTTGGTGGTGGGCACCTGTAATCTTAGCTACTGCAGAGACTGAGGCAGGAGAATCGCTTGAACC


CAGGAGGTGGAGGTTGCAGTGACCTGAGATTTTGCCATTGCACTCCAGCCTGGGCAACAGAGCAAGACTCTA


TCTCAAAAAACAAACAAACAAACAAACAAACAAACAAACTGTCAAAATCTGTACAGTATGTGAAGAGATTTG


TTCTGAACCAAATATGAATGACCATGGTCCATGACACAGCCCTCAGAAGACCCTGAGAACATGTGCCCAAGG


TGGTCACAGTGCATCTTAGTTTTGTACATTTTAGGGAGATATGAGACTTCAGTCAAATACATTTTTAAAAAA


TACATTGGTTTTGTCCAGAAAGCCAGAACCACTCAAAGCAGGGGTTTCCAGGTTATAAGTAGATTTAAAATT


TTTCTGATTGACAATTGGTTGAAAGAGTTGTCAATAGAAAGGAATGTCTGCATTGTGACAAGAGGTTGTGGA


GACCAAGTTTCTGTCATGCAGATGAAGCCTTCAGGTAGCAGGCTTCCAAGATAACAGGTTGTAAATAGTTCT


TATCAGACTTAAGTTCTGTGGAGACGTAAAATGAGGCATATCTGACCTCCACTTCCAAAAACATCTGAGACA


GGTCTCAGTTAATTAAGAAAGTTTGTTCTGCCTAGTTTAAGGACATGCCCATGACACTGCCTCAGGAGGTCC


TGACAGCATGTGCCCAAGGTGGTCAGGATACAGCTTGCTTCTATATATTTTAGGGAGAAAATACATCAGCCT


GTAAACAAAAAATTAAATTCTAAGGTCCCTGAACCATCTGAATGGGCTTTCTTCTAGGCCAGGGCACTCTAA


AATTGAAGAACCTGAACATTCCTTTCTATTGATAATACTTTCAGCCAGTTGAGCCCATTCAGACCACAGCAA


GGTGCCAGGCCAGGCAAGGGCTGACTTGAGATACCTGCCAGATGAGTCACTGGCAAAAGGTGCTGCTCCCTG


GTGAGGGAGAAACACCAGGGGCTGGGAGAGGCCCAGAAGGCTCTGAAGGAGTTTTGGTTTGGCTGGCCATGT


GTGCAATTAGCGTGATGAGCTCTGACATGGCCTTGCATGGACGGATTGGGCAGGACACCCCAGCTGAGGAGG


ATGGCAGGAGTGATGGCACAGGGGAAAGGGTGGCATACCCAGGTGACAGCTCCCCACTACCTCCACTCTGTG


CTGCAGCTCAGGGGCTGGGTCTTCTGCTGCAACTCAGCCCCTCTGTACCAGCCCTGGCCTCATTCCCTTGGT


TCCAGGACACCCAGCTGACAAAAGGGACTTGCCTGTACCCCTGCACCTGGTCCTACACCTGGCTCCTGGGTT


GTCAGCAGGTGTTTGTTGGGCCAACGAGTGCAT  GATGGAAACACAGACAGAAGGACAGATGGAGAGAT


GGGTGGCCAGACAAAGGAGTAACTTGGTGAGGAATGTGCATTAGGAAATCACAGAAGAGCAGAAACTGTTTG


AAAATTCCAAGTGGGGAAAGTGAGGAGGTGAAGCAGGGCTGAAGGGCCTCCCTCAGAGCCTTCTCCCACTCT


GTGGTGTCCACATCCCCTTGGTCGTCCTTGTGGGAGGCACTCACCTTTTGCTCAGCCTATTGTGGCTACAGC


CCAGCAGGTCCCAGGTGGCACCAGCCAAGATGAAGGTGGCATTGAGGGCTGAAGTCTCCCTCACCATGAAGG


GATGATGTATAGTGGGTGGGGCCTCAGGAGGAAGAGGGCCACCAACCCTACCTGGCCCCTAACCTGCTGCCT


GGAGTAGGCAGGTACCAGAGGCATGGGGTGAGGCATGTTGCAGGTCGAGGACCAGGGCCATCTCACTGCCTG


AGCCCATGGACTGGCTCAGGGGTCTGTCAGATGATTCTAGAGCTGAGTTGGAGGTAAGGGCAGGGGGTTTGT


TCCTGGGTTCAAGACCATGGAAGGAAGGGGTAGAGAAGGAGGCCAACAAGTGAGGAGGCAAATTACAGTGGC


TGGCAGAAGGAGAGAGAAGCCAGGACAGGTGGCTGTGGCCCTGTCCCTGCAGGCAGACCCAGGAAGGAGCT


AGAGACAGGATTCATGCCAAGCCTGCCTACCCAGCACATCTCTCCTCATGGACATGAGAGAAAACCCTCCAG


CTTGGCCCTCACATCTGTGAAACCCACAGTAATGGGGCTGACATCCTCTGCCCTATGCAAGAGAGGTTTCCC


AAGCACTTGCAGCAAGTGAGACTGCACAGGATGGCGAATCCACAAAGAACACGTTGTTCTCATGCTCTTTGG


AAGCACCAATTTACATTCTGACAGTTTTGTGGGGAGATGAGACCAGTGAAAACCAGGGAACCCTGCTCATTA


GGGGAACCCTTGGTGGTCTCTGCTTGGAAGCCGGGCTGCAGAGGACTGTAAGATCAACCGCCGGGGCTGTAG


GTGATGGCTCAGGCACTGGATTCTCCATGGAGGACCCCATGAATGCACTTTGAAAGGTCAGCTCCATGGGTC


TCAGCTGGCTGGGCCCATTTGGGAGTTCTATCTTTGGGGAAGGATGCTTTCCTAGGCTCTGTTGCACGCTGG


CCCTAGGCTCAGGCCAGGATCAAAATCAAAGTCAGCTTCATGCCCAAGGAGGGCATGGCACTACCTCCTCCA




50% or 1 in 2 chance of inheriting faulty gene

50% or 1 in 2 chance of inheriting normal gene



Male breast 
Cancer

0.1% 7%
BRCA2



Conventional Clinical Criteria/ FH-based approach: 10% BRCA probability

MANY LIMITATIONS 
Only a small proportion of carriers 

have a significant FH, 
know about it and act on it

>50% of carriers are missed



Advantages of BRCA Carrier Identification

REPRODUCTIVE / 
LIFE STYLE CHOICES

SCREENING

PREVENTION
Chemo/ Surgical

Contraceptive Pill
PGD
Breast Feeding
Planning

New Drugs/ Therapies (PARP 
Inhibitors)
Clinical Trials

MRI, Mammograms



MiSeq

150,000,000 bases

20% of genome

An exome >20,000 genes

HiSeq

20,000,000,000 bases

6 genomes

80 exomes

NGS – The Revolution

http://genoseq.ucla.edu/action/view/File:Miseq-personal-sequencer.png


BETTER 
IDENTIFICATON 
OF HIGH RISK 

GROUPS

REDUCED 
CANCER 

INCIDENCE & 
MORTALITY

BETTER 
TARGETED 

PREVENTION

STRATEGY

POPULATION 
TESTING



WHY DO WE NEED TO WAIT FOR PEOPLE 

TO GET CANCER TO IDENTIFY PEOPLE IN 

WHOM WE CAN PREVENT CANCER??



CAN WE TEST POPULATIONS?

Psychological / QoL Impact?

Acceptable?

Cost effective?

Increased  Carrier identification?

New approaches for delivery?

Risk/ Penetrance?



Populations in the world which have frequent BRCA mutations (Founder Mutations)

1 in 40- AJ population
5 x  More Common

1 in 200



2017



Map of London coverage areas (A, B, C, D)

based on postcode sectors covered by NHS Genetics Services

AJ = 0.0261  1:40
Gen Pop = 0.00677  1:200

1995 – 2014, 16 Million pop
All BRCA carriers detected
Mapped for London Post Code

J Med Genet 2018

Gen pop BRCA – 3%
AJ Pop – 10%

Vast majority are 
unidentified



THE RESEARCH



Population Screening
(Everyone)

Testing on FH

AJ (>18 yr)
Genetic 

Counselling

Outcomes
Psychological health
Quality of Life
Impact of Genetic Test Result
BRCA carriers identified 
Health Economics

THE AJ MODEL

JNCI 2015JNCI 2015
J Med Genet  2016 

BJOG 2019AJOG 2017



Reassurance
Reducing Uncertainty
Married/Cohabiting – 4x

96% interest
60% intention
88% uptake

2019



60% (18/30) BRCA carriers are identified by Population Testing Only

AJ (>18 yr)
Genetic 

Counselling

Testing an 
entire population

Testing on 
Family History

FH +ve
(62)

FH -ve
(468)

FH +ve
(66)

FH -ve
(438)

3    
BRCA1/2

9   
BRCA1/2

10    
BRCA1/2

8 
BRCA1/2

530

504



Anxiety

Distress & 

Uncertainty

QoL

Health Anxiety

Depression

Effect of Time 



60% carriers do NOT have a strong FH & are identified by Population Testing Only

The Current model of FH based testing has a number of limitations

Population Testing is feasible and acceptable in AJ

High Satisfaction

It is possible to provide pre-test counselling and testing effectively in more time efficient ways 
in a community setting



Decrease in anxiety following testing

Reduction was significantly greater with population 
screening compared to clinical criteria/ FH testing.

RESULTS: LONG TERM



No Difference in 
QOL
Health Anxiety
Uncertainty
Distress



0 1

Utility Score

• Way of capturing Quality of Life in Cost Effectiveness Analysis
• Measured on a scale of 0 to 1
• 1 = Perfect Health
• 0 = Death
• Can be applied across all disease areas and variety of health states

QALY = (Survival) x (Utility score)



(Total Costs  A)  – (Total Costs  B)
(Total QALYs  A)  – (Total QALYs  B)

ICER: Incremental Cost effectiveness Ratio

HEALTH ECONOMICS (HE)

A= Pop Testing
B= FH/Clinical Criteria Testing



Cost (+)

X ?

(-) Effectiveness - QALYs (+)

? 

(-)

Areas of uncertainty 
Decision rule

is required
Do not Adopt

Adopt

HEALTH ECONOMICS (HE) Should the NHS / Health Service adopt a new intervention?

Cost per QALY 
< £30,000

Cost per QALY 
< $100,000



Can be cost saving for the NHS by £3.7 million

Incremental cost-effectiveness ratio (ICER) = ─ £2079/QALY

Pop screening is cost saving and is highly cost-effective in Jewish women

Reduces Ovarian and Breast Cancer incidence by 0.34% & 0.62%

Can reduce number of Ovarian cancers by 276

Can reduce number of Breast cancers by 508



Do we prevent more cancers through population testing?

Do we identify more people at risk through population testing?

Are we causing psychological/QOL harm?

Is there high satisfaction?

Is it feasible and acceptable?

Can we do it outside a hospital setting?

Is it cost-effective?

YES

YES

NO

YES

YES

YES

YES



BEYOND THE AJ POPULATION



2018

Cases prevented
655 OC & 2420 BC/million

POPULATION PANEL TESTING OC/BC MUTATIONS

UK ICER/QALY = £21599.96
USA ICER/QALY =  $49282.19



26.65M
99.6M

BC prevented

OC prevented

64493 237610

17505 65221



MODEL OF CARE FOR 

PREVENTING CHRONIC 

DISEASE



THE UK SHOULD BE THE FIRST HEALTH 

SYSTEM WORLD WIDE TO IMPLEMENT 

POPULATION GENOMICS FOR PREVENTING 

CANCER AND CHRONIC DISEASE
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Thank you
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