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GGTTACTGAGACTTTGTGTGGAGAGACAGCATAACGGAAACTTGGAGGAGATTIGA
TGGTCTACTAGATTGTCCTATATTICCTAACTGACCTGGAGCCTGGAGAGAAGTTGG
AGTCCATGTCTGCTAAAGAGCGTTCATICATGTGTTCTCTCATATITCTTACTCTCA
ACTGGTTCCGAGAGATTGTAAATGCCITCTGCCAGGAAACATCACCTGAGATGAA
GGGGAAGGTGCTCACTCGGTTAAAGCACATTGTAGAATIGCAAATAATCCTGGAA
AAGTACTTGGCAGTCACCCCAGACTATGTCCCTCCTCTIGGAAACTITGATGTGGA
AACTTTAGATATAACACCTCATACTGITACTGCTATTTCAGCAAAAATCAGAAAG
AAAGGAAAAATAGAAAGGAAACAAAAAACAGATGGCAGCAAGACATCCTCCTC
TGACACACTITCAGAAGAGAAAAATTCAGAATGTGACCCTACGCCATCTCATAGA
GGCCAGCTAAACAAGGAGTTCACAGGGAAGGAAGAAAAGACATCATIGTTACTA
CATAATTCCCATGCTTTTTTCCGAGAGCTGGACATTGAGGTCTTCICTATTICTACAT
TGTGGACTTGTGACGAAGTTCATCTTAGATACTGAAATGCACACTGAAGCTACAG
AAGTTGTGCAACTTGGGCCCCCTGAGCTGCTTTTCTIGCIGGAAGATCICTICCCAG
AAGCTGCAGAGTATGCTGACACCTCCTATTGCCAGGAGAGICCCCTTICTCAAGA
ACAAAGGAAGCCGGAATATTGGATTCTCACATCTCCAACAGAGATCTGCCCAAG
AAATTGTTCATTGTGTTTTTCAACTGCTGACCCCAATGTGTAACCACCTGGAGAAC
ATTCACAACTATI’ITCAGTGTTTAGCTGCTGAGAATCACGGTGTAGTTGATGGACC
AGGAGTGAAAGTTCAGGAGTACCACATAATGTCTICCTGCTATCAGAGGCTGCTG
CAGATTTTTCATGGGCTITTTGCTTGGAGTGGATTTTCTCAACCTGAAAATCAGAAT
TTACTGTATTCAGCCCTCCATGTCCTTAGTAGCCGACTGAAACAGGGAGAACACA
GCCAGCCTTTGGAGGAACTACTCAGCCAGAGCGTCCATTACTTGCAGAATTITCCAT
CAAAGCATTCCCAGTTTCCAGTGTGCTCTITATCTCATCAGACTTITGATGGTTATT
TIGGAGAAATCAACAGCTTCTGCTCAGAACAAAGAAAAAATTGCTTCCCTTGCCA
GACAATTCCTCTGTCGGGTGTGGCCAAGTGGGGATAAAGAGAAGAGCAACATCTIC
TAATGACCAGCTCCATGCTCTGCTCTGTATCTACCTGGAGCACACAGAGAGCATTC
TGAAGGCCATAGAGGAGATTGCTGGTGTTGGTGICCCAGAACTGATCAACTCTICC
TAAAGATGCATCTTCCTCCACATTCCCTACACTGACCAGGCATACTTTTIGTTGITIT
CTTCCGTGTGATGATGGCTGAACTAGAGAAGACGGTGAAAAAAATTGAGCCTGGC
ACAGCAGCAGACTCGCAGCAGATTCATGAAGAGAAACTCCTCTACTGGAACATG
GCTGTTCGAGACTTCAGTATCCTCATCAACTTGATAAAGGTATITGATAGTCTATCC
TGITCTGCATGTATGTTTGAAGTATGGGCGTCTCTITGTGGAAGCATTICTGAAGCA
ATGTATGCCGCTCCTAGACTTCAGTTTTAGAAAACACCGGGAAGATGTTCTGAGC'[:
TACTGGAAACCTTCCAGTITGGACACAAGGCTGCTTCATCACCTGTGTGGGCATTCC
AAGATTCACCAGGACACGAGACTCACCCAACATGTGCCTCTGCTCAAAAAGACC
CTGGAACTTTTAGITTGCAGAGTCAAAGCTATGCTCACTCTCAACAATIGTAGAGA
GGCTTTCTGGCTGGGCAATCTAAAAAACCGGGACTTGCAGGGTGAAGAGATTAAG
TCCCAAAATTCCCAGGAGAGCACAGCAGATGAGAGTGAGGATGACATGTCATCC
CAGGCCTCCAAGAGCAAAGCCACTGAGGTATCTCTACAAAACCCACCAGAGTCT
GGCACTGATGGTTGCATTTTGTTAATIGTTCTAAGTTGGTGGAGCAGAACTTTGCCT
ACTTATGTTTATTIGTCAAATGCTTCTATGCCCATITCCATTCCCTCCATAACAGCTT
CTGTGCTTATATAATITTTIGGGACCCAGAAGAAACAACGACACAATCTTAGAATC
ACTCCTGAGTATCTCGAGTTGTGGCATTTIGTTATAGAGTIGACAATTTTCTGCATIA
TAGCCTCTCATITICCATGAATTCATATCTGAAACCATTTTAGAAGGGAGAAGTCA
TCGAAGTATTTTCTGAGTGITGAGAAGAATGAGTTAAACCATTTAAACACATITGA

ugogoooaoad

AACATACAAAAATAGAAATGTGAAAGCATTTGGTGAAAGCCAAAGCACAGAGIC

AGAAGCTGCCACCTTAGAGAACTGAAATAAAAATAGAAGTTCTTACGCTTTITTTGT

GGTACAGATGCTTTCGACAATTTAAAGAAAGCTAAATAAAAATGTAGACATGGCT
GGCGCAGTGGCTCATGCTTGTAATCCTAGCACTITITGAGGCCAAGGTAGGAGGA
TIGCTTGAGTCCGGGAGCTCAAGGCAAAGCTGCACAACATAACAAGACCCTATCT
CCACAAAAAABATGAAAAATAAACCTGGGTGCGGTGGCTCACACCTGTAATCCC
AGCACTTTIGGGAGGCCGATGTGGGCAGATCACAAGGTCAGGAGTTCAAGACCAG
CCTGGCCAACATAGTGAAACCCCATCTCTACTGAAAATACAAAAATTAGCTGGGT
GTGGTGGCACGTGCCTGTTATCTCAGCTACTTGGGAAGCTGA

(58)

gooooooao

RHES : 6
EFFANCD— 2 &M

TAGAATCGAAAACTACGGGCGGCGACGGCTTCTCGGAAGTAATITAAGTGCACAA
GACATIGGTCAAAATGGTTITCCAAAAGAAGACTGTCAAAATCTGAGGATAAAGA
GAGCCTGACAGAAGATGCCTCCAAAACCAGGAAGCAACCACTTTCCAAAAAGAC
AAAGAAATCTCATATTGCTAATGAAGTTGAAGAAAATGACAGCATCTITGTAAAG
CITCTTAAGATATCAGGAATTATTCTTAAAACGGGAGAGAGTCAGAATCAACTAG
CTGTGGATCAAATAGCTTTCCAAAAGAAGCTCTTTCAGACCCTGAGGAGACACCC
TTCCTATCCCAAAATAATAGAAGAATITGTTAGTGGCCTGGAGTCTTACATTGAGG
ATGAAGACAGTTTCAGGAACTGCCTTITGTCTTGTGAGCGTCTGCAGGATGAGGA
AGCCAGTATGGGTGCATCTTATTCTAAGAGTCTCATCAAACTGCTTCTGGGGATTG
ACATACTGCAGCCTGCCATTATCAAAACCTTATTTGAGAAGTTGCCAGAATATITT
TITGAAAACAAGAACAGTGATGAAATCAACATACCTCGACTCATIGTCAGTCAAC
TAAAATGGCTTGACAGAGTTGTGGATGGCAAGGACCTCACCACCAAGATCATGCA
GCTGATCAGTATTGCTCCAGAGAACCTGCAGCATGACATCATCACCAGCCTACCT
GAGATCCTAGGGGATTCCCAGCACGCTGATGTGGGGAAAGAACTCAGTGACCTAC
TGATAGAGAATACTTCACTCACTGTCCCAATCCTGGATGTCCTTICAAGCCTCCGA
CTTGACCCAAACTTCCTATIGAAGGTTCGCCAGTTGGTGATGGATAAGTITGTCGTC
TATTAGATIGGAGGATITACCTGTGATAATAAAGTTCATTCTICATTCCGTAACAG
CCATGGATACACTTGAGGTAATTTCTGAGCTTCGGGAGAAGTTGGATCTGCAGCAT
TGTGITITGCCATCACGGTTACAGGCTTCCCAAGTAAAGTTGAAAAGTAAAGGAC
GAGCAAGTTCCTCAGGAAATCAAGAAAGCAGCGGTCAGAGCTGTATTATTCTCCT
CTTTGATGTAATAAAGTCAGCTATTAGATATGAGAAAACCATTTCAGAAGCCTGG
ATTAAGGCAATIGAAAACACTGCCTCAGTATCTGAACACAAGGTGTTTGACCTGG
TGATGCTTITCATCATCTATAGCACCAATACTCAGACAAAGAAGTACATTGACAG
GGTGCTAAGAAATAAGATTCGATCAGGCTGCATTCAAGAACAGCTGCTCCAGAGT
ACATTCICTGTTCATTACTTAGTTCTTAAGGATATGTGITCATCCATTCTGTCGCTG
GCTCAGAGTITTGCTTCACTCTCTAGACCAGAGTATAATTTCATTTGGCAGTCTCCTA
TACAAATATGCATTTAAGTTTTTTGACACGTACTGCCAGCAGGAAGTGGTTGGTGC
CTTAGTGACCCATATCTGCAGTGGGAATGAAGCTGAAGTTGATACTGCCTTAGAT
GICCTTCTAGAGTTGGTAGTGTTAAACCCATCTGCTATGATGATGAATGCTGTCTTT
GTAAAGGGCATTTTAGATTATCTGGATAACATATCCCCTCAGCAAATACGAAAAC
TCITCTATGTTCTCAGCACACTGGCATTTAGCAAACAGAATGAAGCCAGCAGCCA
CATCCAGGATGACATGCACTTGGTGATAAGAAAGCAGCTCTCTAGCACCGTATTC
AAGTACAAGCTCATTGGGATTATTGGTGCTGTGACCATGGCTGGCATCATGGCGG
CAGACAGAAGTGAATCACCTAGTTTGACCCAAGAGAGAGCCAACCTGAGCGATG
AGCAGIGCACACAGGTGACCTCCTTGTTGCAGTTGGTTCATTICCTGCAGTGAGCAG
TCTCCTCAGGCCTCTGCACTTTACTATGATGAATTTGCCAACCTGATCCAACATGA
AAAGCTGGATCCAAAAGCCCTGGAATGGGTTGGGCATACCATCTGTAATGATTTC
CAGGATGCCTICGTAGTGGACTCCTGTGTTGTTCCGGAAGGTGACTITCCATTICCT
GTGAAAGCACTGTACGGACTGGAAGAATACGACACTCAGGATGGGATTGCCATA
AACCTCCTGCCGCTGCTGTITTICTCAGGACTTTGCAAAAGATGGCGGGTCCGGTGAC
CTCACAGGAATCAGGCCAAAAATTGGTGTCTCCGCTGTGCCTGGCTCCGTATITCC
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TCGAAAACTACGGGCGGCGACGGCTTCTCGGAAGTAATTTAAGTGCACAAGACAT
TGGTCAAAATGGTTTCCAAAAGAAGACTGTCAAAATCTGAGGATAAAGAGAGCC
TGACAGAAGATGCCTCCAAAACCAGGAAGCAACCACTTTCCAAAAAGACAAAGA
AATCTCATATYGCTAATGAAGTTGAAGAAAATGACAGCATCTTTGTAAAGCTTCTT
AAGATATCAGGAATTATTCTTAAAACGGGAGAGAGTCAGAATCAACTAGCTGTGG
ATCAAATAGCTTTCCAAAAGAAGCTCTTTCAGACCCTGAGGAGACACCCTTCCTA
TCCCAAAATAATAGAAGAATTTGITAGTGGCCTGGAGTCTTACATTGAGGATGAA
GACAGTTTCAGGAACTGCCTITTTGTCTTGTGAGCGTCTGCAGGATGAGGAAGCCA
GTATGGGTGCATCTTATTCTAAGAGTCTCATCAAACTGCTTCTGGGGATTGACATA
CTGCAGCCTGCCATTATCAAAACCTTATITGAGAAGTTGCCAGAATATTTITTTGA
AAACAAGAACAGTGATGAAATCAACATACCTCGACTCATTGTCAGTCAACTAAA
ATGGCTTGACAGAGTTGTGGATGGCAAGGACCTCACCACCAAGATCATGCAGCTG
ATCAGTATTGCTCCAGAGAACCTGCAGCATGACATCATCACCAGCCTACCTGAGA
TCCTAGGGGATTCCCAGCACGCTGATGTGGGGAAAGAACTCAGTGACCTACTGAT
AGAGAATACTTCACTCACTGTCCCAATCCTGGATGTCCITTCAAGCCTCCGACTTG
ACCCAAACTICCTATTGAAGGTTCGCCAGTTGGTGATGGATAAGTTGTCGTCTATT
AGATTGGAGGATTTACCTGTGATAATAAAGTTCATTCTTCATTCCGTAACAGCCAT
GGATACACTTGAGGTAATTITCTGAGCTTCGGGAGAAGTTGGATCTGCAGCATTGTG
TTTTGCCATCACGGTTACAGGCTTCCCAAGTAAAGTTGAAAAGTAAAGGACGAGC
AAGTICCTCAGGAAATCAAGAAAGCAGCGGTCAGAGCTGTATTATTCTCCICTTTG
ATGTAATAAAGTCAGCTATTAGATATGAGAAAACCATTTCAGAAGCCTGGATTAA
GGCAATTGAAAACACTGCCTCAGTATCTGAACACAAGGTGTTTGACCTGGTGATG
CTTTTCATCATCTATAGCACCAATACTCAGACAAAGAAGTACATTGACAGGGTGC
TAAGAAATAAGATTCGATCAGGCTGCATTCAAGAACAGCTGCTCCAGAGTACATT
CTCTGTTCATTACTTAGTTCTTAAGGATATGTGTTCATCCATTCTGTCGCTGGCTCA
GAGTTTGCTTCACICTCTAGACCAGAGTATAATTTCATITGGCAGTCTCCTATACA
AATATGCATTTAAGTTTTITGACACGTACTGCCAGCAGGAAGTGGITGGTGCCTITA
GTGACCCATATCTGCAGTGGGAATGAAGCTGAAGTTGATACTGCCTTAGATGTCCT
TCTAGAGTTGGTAGTGTTAAACCCATCTGCTATGATGATGAATGCTGTCTTTGTAA
AGGGCATTTTAGATTATCTGGATAACATATCCCCTCAGCAAATACGAAAACTCTTC
TATGTTCTCAGCACACTGGCATITAGCAAACAGAATGAAGCCAGCAGCCACATCC
AGGATGACATGCACTTGGTGATAAGAAAGCAGCTCTCTAGCACCGTATTCAAGTA
CAAGETCATTGGGATTATTGGTGCTGTGACCATGGCTGGCATCATGGCGGCAGAC
AGAAGTGAATCACCTAGTITGACCCAAGAGAGAGCCAACCTGAGCGATGAGCAG
TGCACACAGGTGACCTCCTTIGTTGCAGTTGGTTCATTCCTGCAGTGAGCAGTICTCC
TCAGGCCICTGCACTTTACTATGATGAATTTGCCAACCTGATCCAACATGAAAAGC
TGGATCCAAAAGCCCTGGAATGGGTTGGGCATACCATCTGTAATGATTTCCAGGA
TGCCTICGTAGTGGACTCCTGTGTTGTTCCGGAAGGTGACTTTCCATITCCTGTGAA
AGCACTGTACGGACTGGAAGAATACGACACTCAGGATGGGATTGCCATAAACCT
CCTGCCGCTGCTGTTTTCTCAGGACTTTGCAAAAGATGGGGGTCCGGTGACCTCAC
AGGAATCAGGCCAAAAATTGGTGTCTCCGCTGTGCCTGGCTCCGTATTTCCGGTTA
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CTGAGACTTTGTGIGGAGAGACAGCATAACGGAAACTTGGAGGAGATTGATGGTC
TACTAGATTGTCCTATATICCTAACTGACCTGGAGCCTGGAGAGAAGITGGAGTICC
ATGTCTGCTAAAGAGCGTTCATTCATGTIGITCTCTCATATTICTTACTCTCAACTGG
TTCCGAGAGATTGTAAATGCCTTCTGCCAGGAAACATCACCTGAGATGAAGGGGA
AGGTGCTCACTCGGTTAAAGCACATTGTAGAATTGCAAATAATCCTGGAAAAGTA
CTTGGCAGTCACCCCAGACTATGTCCCTCCTCTTIGGAAACTTTGATGTGGAAACTT
TAGATATAACACCTCATACTGTTACTGCTATTTCAGCAAAAATCAGAAAGAAAGG
AAAAATAGAAAGGAAACAAAAAACAGATGGCAGCAAGACATCCTCCTCTGACA
CACTITCAGAAGAGAAAAATTCAGAATGTGACCCTACGCCATCTCATAGAGGCCA
GCTAAACAAGGAGTTCACAGGGAAGGAAGAAAAGACATCATTGTTACTACATAA
TTCCCATGCITTTITCCGAGAGCTGGACATTGAGGTCTICTCTATTCTACATIGTGG
ACTTGTGACGAAGTTCATCTTAGATACTGAAATGCACACTGAAGCTACAGAAGIT
GTGCAACTTGGGCCCCCTGAGCTGCTTTTCTTGCTGGAAGATCTCTCCCAGAAGCT
GGAGAGTATGCTGACACCTCCTATTGCCAGGAGAGTCCCCITTCTCAAGAACAAA
GGAAGCCGGAATATTGGATTCTCACATCTCCAACAGAGATCTGCCCAAGAAATTG
TTCATTGIGTTTTTICAACTGCTGACCCCAATGTGTAACCACCTGGAGAACATTCAC
AACTATTTTCAGTGTTTAGCTGCTGAGAATCACGGTGTAGTIGATGGACCAGGAGT
GAAAGTTCAGGAGTACCACATAATGTICTTCCTGCTATCAGAGGCTGCTGCAGATIT
TTCATGGGCTTTTIGCTTGCGAGTGGATTTTCTCAACCTGAAAATCAGAATITACTGT
ATTCAGCCCTCCATGTCCTTAGTAGCCGACTGAAACAGGGAGAACACAGCCAGCC
TITGGAGGAACTACTCAGCCAGAGCGTCCATTACTTGCAGAATTTICCATCAAAGC
ATTCCCAGITTCCAGTGTGCTCITTATCTCATCAGACTTTIGATGGTTATTITGGAG
AAATCAACAGCTTCTGCTCAGAACAAAGAAAAAATTGCTTCCCTTGCCAGACAAT
TCCTCTGTCGGGTCTGGCCAAGTGGGGATAAAGAGAAGAGCAACATCTCTAATGA
CCAGCTCCATGCTCTGCTCTGTATCTACCTGGAGCACACAGAGAGCATICTGAAG
GCCATAGAGGAGATTGCTGGTGTTGGTGTCCCAGAACTGATCAACTCTCCTAAAG
ATGCATCTTCCTCCACATTCCCTACACTGACCAGGCATACTTTTGTTGTITTCTTCC
GTGTGATGATGGCIGAACTAGAGAAGACGGTGAAAAAAATTGAGCCTGGCACAG
CAGCAGACTCGCAGCAGATTCATGAAGAGAAACTCCTCTACTGGAACATGGCTGT
TCGAGACTTCAGTATCCTCATCAACTTGATAAAGGTATTTGATAGTCATCCTGTICT
GCATGTATGTTTGAAGTATGGGCGTCTCTTTGTGGAAGCATTTICTGAAGCAATGTA
TGCCGCTCCTAGACTTCAGTITTAGAAAACACCGGGAAGATGTTCTGAGCTTACTG
GAAACCTTCCAGTTGGACACAAGGCTGCTTCATCACCTGTGTGGGCATICCAAGA
TTCACCAGGACACGAGACTCACCCAACATGTGCCTCTGCTCAAAAAGACCCTGGA
ACTTITAGTTTGCAGAGTCAAAGCTATGCTCACTCTCAACAATIGTAGAGAGGCTT
TCTGGCTGGGCAATCTAAAAAACCGGGACTTGCAGGGTGAAGAGATTAAGICCCA
AAATTCCCAGGAGAGCACAGCAGATGAGAGTGAGGATGACATGTCATCCCAGGC
CTCCAAGAGCAAAGCCACTGAGGATGGTGAAGAAGACGAAGTAAGTGCTGGAGA
AAAGGAGCAAGATAGTGATGAGAGITATGATGACTCTGATTAGACCCCAGATAA
ATTGTTGCCTGCTTCTGTGTCTCAA
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TGCTGAGACTTTGCGTGGCAAGACAACATGATGGAAACTTGGATGAGATCGATGG
TCTCTTAGATIGTCCCCTGTTCCTCCCTGACCTGGAACCTGGAGAGAAACTGGAGT
CCATGTCTGCTAAAGACCGITCGCTTATGTGTTCGCTCACATICCTAACTTTCAACT
GGTTCCGAGAGGTTGTGAATGCCTICTGCCAACAAACATCTCCTGAGATGAAGGG
CAAGGTTCTTAGTCGGCTAAAGGACCTTGTAGAACTTCAGGGAATCCTAGAGAAG
TACTTGGCAGTCATCCCAGACTATGTTCCGCCTTTCGCAAGCGTITGACTTGGACAC
TTTAGATATGATGCCTAGGAGCAGITCTGCTGTIGCAGCAAAAAACAGAAACAAG
GGAAAGACGGGGGGAAAGAAACAAAAAGCTGATAGCAACAAAGCATCCTGTTC
GGACACACTTCTAACAGAAGACACTTCAGAGTGTGACATGGCGCCATCTGGGAG
AAGCCACGTAGACAAGGAGTCCACAGGGAAGGAAGGAAAGACGTTTGTGTCACT
GCAGAATTACCGCGCTTTTTTCCGAGAGCTGGACATTGAGGTCTTICTCTATTCTAC
ATTCTGGACTTGTGACCAAGTITCATCTTAGACACTGAAATGCACACTGAAGCTAC
AGAGGTCGTACAGCTGGGGCCTGCTGAGCTGCTCTTCTTGCTGGAAGATCTTICCC
AGAAGCTAGAGAATATGCTGACTGCTCCTITTGCCAAGAGAATCTGCTGCTTTAAG
AATAAAGGAAGGCAGAATATTGGCTTCTCACATCTTCATCAGAGATCTGTCCAGG
ACATTGTGCACTGTGTGGTTCAGCTGCTAACCCCGATGTGTAACCATCTGGAGAAC
ATTCACAACTTCTITCAGTGCTTAGGTGCTGAGCATCTCAGTGCAGATGACAAGGC
GAGAGCGACAGCTCAGGAGCAGCACACCATGGCCTGCTGCTACCAGAAGCTGCT
GCAGGTCTTGCACGCGCTCTITGCGTGGAAGGGATTTACTCACCAATCAAAGCAC
CGCCTCCTGCACTCAGCCCTTGAGGTCCTCTCGAACCGACTAAAGCAGATGGAAC
AGGACCAGCCCITGGAGGAACTGGTCAGCCAGAGCTTCAGTTACTTIGCAGAACTT
CCACCATAGTGTTCCCAGTTTCCAGTGTGGTCTCTACCTTCTCAGACTTCTGATGGC
CCTTCTGGAGAAGTCTGCAGTACCTAACCAGAAGAAAGAAAAACTTGCCICTCIG
GCCAAACAGCTGCTITGCCGAGCATGGCCTCATGGGGAAAAAGAGAAGAACCCC
ACTTTTAATGACCACCTGCATGATGTGCTTTACATCTACTTGGAGCACACAGACAA
TGITCTGAAGGCCATAGAGGAGATYACTGGTGTTGGTGTCCCAGAACTGGTCAGT
GCTCCGAAAGACGCCGCCTCCTCTACATTCCCTACGTTGACCGRGCACACCTTIGT
CATATTCTTCCGTGTGATGATGGCTGAACTCGAGAAGACGGTIGAAGGGTCTYCAG
GCTGGCACAGCAGCAGATTCGCAGCAGGTTCACGAAGAGAAGCTCCTCTATTKGA
ACATGGCTGTCCGAGATTTCAGYATCCTTYTCAATCTGATGAAAGTATITGACAGT
TATCCTGTTCTGCATGTGTGTTTAAAGTATGGCCGTCGCTITGTGGAGGCATTTCTG
AAGCAATGTATGCCACTCCTCGACTTCAGCTTTAGAAAGCATCGGGAAGATGTTC
TGAGCTTGCTGCAAACCCTICAGTIGAACACGAGGCTACTTCATCACCTTTGTGGA
CACTCCAAGATTCGCCAGGACACAAGACTCACCAAGCAYGTGCCTITACTCAAAA
AGTCACTGGAACTGTTAGTTTGCAGAGTCAAAGCCATGCTTGTCCTCAACAACTGT
AGAGAGGCTTTCTGGTTGGGTACTCTCAAAAACCGAGACTTACAGGGTGAAGAAA
TTATITCCCAGGATCCCTCTTCCTCAGAGAGCAATGCAGAGGACAGTGAGGATGG
CGTGACATCTCACGTCTCCAGGAACAGAGCAACAGAGGATGGGGAAGATGAAGC
AAGTGATGAACAGAAGGACCAGGACAGTGATGAAAGTGACGACAGCTCCAGTTA
GAGCCGAGTGGCATGGCTGCCCTGCTCACCTCTGACAGACTCTCATCTICTTIGGGG
TITGAAGTCAGATGICTGTTTTTCTAGTCAGAAGCATCCTGTTTGTCCATCAAGAA
GGGGTGTITATITAATTCCCCAGIGGGTTTCACAGGTTGTCTAACCTCCAGGTCCCT
GGTTCAGGAGTCCAGTGTAGCATCCATCGT TGACTAGGAYGAACATGGCTGGGCT
GCAGTGCAGTKCAGTGCAGGTGCCCTAGCTGGGCCTTGGGGTTTITGAAACTAAAA
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GGAAAGTCGAAAACGAAGGGAAGCAACTGGCGGGTCCCCAGGAAGTAATATAA
GTIGGCAGAAGACGTITAGTCAAAATGATTTCCAAAAGACGTCGGCTAGATTCTGAG
GATAAAGAAAACCTGACAGAAGATGCCTCCAAAACCATGCCCCTITCCAAGCTG
GCAAAGAAGTCTCACAATTCTCATGAAGTTGAAGAAAATGGCAGTIGTCTITTGTAA
AGCTTCTTAAGGCTTCAGGACTCACTCTTAAAACTGGAGAGAACCAAAATCAGCT
AGGTGTGCGATCAGGTAATCTTCCAAAGGAAGCTCTITCAGGCCTTGAGGAAGCAT
CCTGCTTATCCCAAAGTAATAGAAGAGTTIGTTAATGGCCTGGAGTCCTACACTGA
GGACAGTGAGAGTCTCAGGAACTGCCTGCTGTCTTGTGAGCGCCTGCAGGATGAG
GAAGCCAGCATGGGCACATTTTACTCCAAGAGTCTGATCAAGCTACTICTGGGGA
TTGACATTITACAGCCTGCCATTATCAAAATGTTATTTGAAAAAGTGCCTCAGTITIC
TTTITGAAAGTGAGAACAGAGATGGAATCAACATGGCCAGACTCATTATCAATCA
ACTAAAATGGCTGGATAGAATTGTGGATGGCAAGGACCICACGGCCCAGATGAT
GCAGTTGATCAGTGTTGCTCCCGTGAACTTACAGCATGACTTCATCACGAGCCTTC
CTGAAATCCTAGGGGATTCCCAGCATGCTAATGTGGGGAAAGAGCTTIGGCGAGCT
GCTGGTGCAGAATACTTCCCTGACTGTTCCAATITTGGATGTCTTTTCCAGTCTICCG
ACTTGACCCCAACTTCCTGTCCAAGATCCGCCAGTTGGTGATGGGCAAGCTGTCAT
CTGTCCGTCTAGAGGATITCCCTGTGATTIGTAAAGTTCCTICTTCATICTGTAACAG
ACACCACTTCCCTTGAGGTCATTGCCGAGCTTCGGGAGAACTTGAACGTCCAGCA
GTTITATTTTIGCCGTCACGAATTCAGGCTTCCCAAAGCAAATTGAAAAGTAAAGGA
CTAGCAAGCTCTTCAGGAAATCAAGAGAACAGTGATAAAGACTGTATTGTICTTG
TCITTGATGTAATAAAGTCAGCCATTAGATATGAGAAAACCATITCAGAGGCCTG
GITTAAGGCAATTGAACGCATTGAGTCCGCGGCTGAACATAAGGCTTTGGACGTG
GTCATGCTGCTCATCATCTACAGCACCAGCACGCAGACCAAGAAGGGCGTGGAG
AAGCTGCTGAGAAACAAGATTCAGTCAGACTGCATTCAAGAACAGCTGCTIGACA
GTGCGTTCTCTACACATTACCTGGTTCTTAAGGATATITGCCCATCTATICTTTTGCT
GCCTCAGACTTTGTTTCACTCTCAAGACCAGAGGATCATTTTGTTTGGCAGTCTTCT
GTACAAATATGCTITTAAGTITTTTTIGATACTTACTGCCAGCAGGAAGTGGTTIGGTG
CCCTAGTCACCCATGTCTGCAGTGGGACTGAGGCTGAAGTCGACACTGCACTGGA
TGTCCTCCTGGAGCTGATIGTGCTAAACGCCTCTGCTATGAGGCTCAATGCTGCTTT
TGITAAGGGCATCTTAGATTATITGGAAAATATGTCCCCTCAGCAAATACGAAAA
ATCTTCTGTATTCTCAGCACTCTTGCATTTAGCCAACAGCCCGGAACCAGCAACCA
TATCCAGGACGACATGCACCTGGTGATCCGGAAGCAGCTCTCTAGCACTGTGTTC
AAGTACAAGCTCATTGGGATCATTIGGTGCAGTCACCATGGCCGGCATCATGGCGG
AAGACAGAAGTGTACCATCTAACTCATCCCAGAGGAGCGCCAATGTGAGCAGTG
ACGCAGCGCACACAGGTGACTTCTITGCTACAACTAGTTCATTCTTGCACTGAGCAC
TCTCCTTGGGCCTCTTCTICTGTATTATGATGAATITGCCAACCTGATCCAAGAAAG
GAAGTTGGCTCCAAAAACCTTGGAGTGGGTTGGGCAGACCATCTTCAATGATTTC
CAAGATGCCTTTGTGGTAGACTTCTGTGCTGCTCCAGAGGGTGACTTTCCATTTCCT
GTGAAAGCGCTCTATGGACTGGAAGAGTACAGCACTCAAGACGGCATIGTCATCA
ACCTCCTGCCGCTGTTCTATCAGGAATGTGCAAAAGATGCCAGTCGAGCGACATC
ACAAGAATCGAGCCAGAGATCAATGTCTTCTTTGTGCCTGGCTTCCCATTTCCGGE

Figure 20
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TITAGGCTTATAATAGCTITGTAAATAAATCIGTTTCAGAGTTTTGCCTCAGCTACC
TITITCCTCACTTITAGATGTGATTATTCAAGGATCTCATTATTCAAGGATTAGGTAA
TATIGAGTTGAGGTTTGTGCAATCGTACTGGTGGCCTAAAAGTATGTTCCGTACTG
TTATCTTCCTGGAGGAATGACCCAACTTTCTTATCAATGATCAAGTGTITGGTTTGS
TCTGTGTCAGGGTCTCTTTACATAGTCCIGGCTGGTGTGTTATTAGATATGTTGACC
AGGAGGGICTTGAACATTACTTITGAATTTTAAACATTTTIGTACATATGTGTATGG
GCATATATGTGCCACTGTGCATATGTGTAGGTCAGAGGATAGCTTATGGGACTGA
GCTCTCTCCTTCCACCATGTGGGTTCCAGGGTTCAAACTCTAGACCTTCACCTGCTC
AGCCACCTTACCCTITTAAAATGTTTGGTTATTAATATATAAAAGGAAGGAAGAC
AACATCAAACATGTGCTGGCTTTGTATGTATATATAGTTTITATTTCCACATTAATT
TGAATTATGCCTATAATATATITGTAATAATCATACAAAATAATTGTAATTTATTA
GAAATAGAACATCAGGAGTTAAAATAGGGGATTCTICTGTCTICTGCCAGGAAGC
CCAGICTCAGAGATGCTGCCAGGCTCTTCCTCGCTGTGCCATIAAGATTATITAAT
TTTTIGTTAATATITTTACTCATACCGGTATTAAAGTTATGITITGTIGGAAAAAAAA
AAAAAAAAAAAAAAAAAAAAA
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"TITLE OF THE INVENTION

METHODS AND COMPOSITIONS FOR THE DIAGNOSIS OF CANCER
SUSCEPTIBILITES AND DEFECTIVE DNA REPAIR MECHANISMS AND
TREATMENT THEREOF

The work described herein was supported by the National Institute of Health,
NIH Grant vNo. Health grants RO1HELS2725-04, RO1 DKA43889-09, 1PO1HILA48546,
and POTHL54785-04. The US Government has certain rights to the claimed invention

Technical Field and Backeround Art

The present invention relates to the diagnosis of cancer susceptibilities in subjects
having a defect in the FANCD?2 gene and the determination of suitable treatment
protocols for those subjects who have developed cancer. Animal models with defects in
the FANCD?2 gene can be used to screen for therapeutic agents.

Fanconi Anemia (FA) is an autosomal recessive cancer susceptibility syndrome
characterized by birth defects, bone marrow failure and cancer predisposition. Cells
from FA patients display a characteristic hypersensitivity to agents that produce
interstrand DNA crosslinks such as mitomycin C or diepoxybutane. FA patients develop
several types of cancers including acute myeloid leukemias and cancers of the skin,
gastrointestinal; and gynecological systems. The skin and gastrointestinal tumors are
usually squamous cell carcinomas. At least 20% of patients with FA develoﬁ cancers,
The average age of patients who develop cancer is 15 years for leukemia, 16 years for
liver tumors and 23 years for other tumors. (D’ Andrea et al., Blood, (1997) Vol. 90, pp.
1725, Garcia-Higuera et al. Curr. Opin. Hematol, (1999) Vol 2, pp. 83-88 and Heijna et
al. Am. J. Hum. Genet. Vol 66, pp 1540-1551)

FA is genetically heterogeneous. Somatic cell fusion studies have identified at
least seven distinct complementation groups (Joenje et al., (1997) Am, J. Hum. Genet.,
Vol. 61, pp. 940-944 and Joenje et al., (2000) Am. J. Hum. Genet, Vol. 67, pp. 759-762).
This observation has resulted in the hypothesis that the FA genes define a
multicomponent pathway involved in cellular responses to DNA cross-links. Five of the
FA genes (FANCA, FANCC, FANCE, FANCF and FANCG) have been cloned and the
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2
PANCA, FANCC and FANCG proteins have been shown to form a molecular complex

with primarily nuclear localization. FANCC also localizes in the cytoplasm. Different
FA proteins have few or no known sequence motifs with no strong homologs of the
FANCA, FANCC, FANCE, FANCF, and FANCG proteins in non-vertebrate species.
FANCF has weak homology of unknown significance to an E. Coli RNA binding
protein. The two most frequent complementation groups are FA-A and FA-C which
together account for 75%-80% of FA patients. Multiple mutations have been recognized
in the FANCA gene that span 80kb and consists of at least 43 exons. FANCC has been
found to have 14 exons and spans approximately 80kb. A number of mutations in the
FANCC gene have been identified which are correlated with FA of differing degrees of
severity. FA-D has been identified as a distinct but rare complementation group.
Although FA-D patients are phenotypically distinguishable from patients from other
subtypes, the FA protein complex assembles normally in FA-D cells (Yamashita et al.,
(1998) P.N.A.S., Vol. 95, pp.13085 — 13090)

The cloned FA proteins encode orphan proteins with no sequence similarity to
each other or to other proteins in GenBank and no functional domains are apparent in the
protein sequence. Little is known regarding the clellular or biochemical function of these
proteins.

Diagnosis of FA is complicated by the wide variability in FA patient phenotype.
Further confounding diagnosis, approximately 33% of patients with FA have no obvious
congenital abnormalities. Moreover, existing diagnostic tests do not differentiate FA
carriers from the general population. The problems associated with diagnosis are
described in D’ Andrea et al., (1997). Many cellular phenotypes have been reported in
FA cells but the most consistent is hypersensiﬁvity to bifunctional alkylating agents such
as mitomycin C or diepoxybutane. These agents produce interstrand DNA cross-links
(an important class of DNA damage).

Diagnosing cancer susceptibility is complicated because of the large number of
regulatory genes and biochemical pathways that have been implicated in the formation
of cancers. Different cancers depending on how they arise and the genetic lesions
mvolved may determine how a subject responds to any particular therapeutic treatments.
Genetic lesions that are associated with defective repair mechanisms may give rise to
defective cell division and apoptosis which in turn may increase a patient’s susceptibility
to cancer. FA is a disease condition in which iultiple pathiclogical outcomes are

associated with defective repair mechanisms in addition to cancer susceptibility
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An understanding of the molecunlar genetics and cell biology of Fanconi Anemia
pathway can provide insights into prognosis, diagnosis and treatment of particular
classes of cancers and conditions relating to defects in DNA repair mechanisws that arise

in non-FA patients as well as FA patients

Summary of the Invention

In a first embodiment of the invention there is provided an isolated nucleic acid
molecule that includes a polynucleotide selected from (a) a nucleotide sequence
encoding a polypeptide having an aminoacid sequence as shown in SEQ ID NO: 4 (b) a
nucleotide sequence at least 90% identical to the polynucleotide of (b); (c) a nucleotide
sequence complementary to the polynucleotide of (b); (d) a nucleotide sequence at Jeast
90% identical to the nucleotide sequence shown in SEQ ID No: 5-8, 187-188; and (¢) 2
nucleotide sequence complementary to the nucleotide sequence of (d). The
polynucleotide may be an RNA molecule or a DNA molecule, such as a cDNA.

In another embodiment of the invention, an isolated nucleic acid molecule is
provided that consists essentially of a nucleotide sequence encoding a polypeptide
having an amino acid sequence sufficiently similar to that of SEQ ID No: 4 to retain the
biological property of conversion from a short form to a long form of FANCD2 in the
nucleus of a cell for facilitating DNA repair. Alternately, the isolated nucleic acid
molecule consists essentially of a polynucleotide having a nucleotide sequence at least
90% identical to SEQ ID NO: 9-191 or complementary to a nucleotide sequence that is -
at least 90% identical to SEQ ID NO: 9-191,

In an embodiment, a method is provided for making a recombinant vector that_
includes inserting any of the isolated nucleic acid molecules described above into 2
vector. A recombinant vector product may be made by this method and the vector may
be introduced to form a recombinant host cell into a host cell.

In an embodiment of the invention, a method is provided for making an FA-D2

cell line, that includes (a) obtaining cells from a subject having a biallelic mutation in a
complementation group associated with FA-D2; and (b) infecting the cells with a
transforming virus to make the FA-D2 cell line where the cells may be selected from
fibroblasts and lymphocytes and the transforming virus selected from Epstein Barr virus
and retrovirus. The FA-D2 cell line may be characterized by determining the presence of

a defective FANDC?2 in the cell line for example by performing a diagnostic assay’
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selected from (i) a Western blot or nuclear immunofluorescence using an antibody
specific for FANCD2 and (ii) a DNA hybridization assay.

In an embodiment of the invention, a recombinant method is provided for
producing a polypepitide, that includes culturing a recombinant host cell wherein the host
cell includes any of the isolated nucleic acid molecules described above.

In an embodiment of the invention, an isolated polypeptide, including an
aminoacid sequence selected from (a) SEQ ID NO: 4; (b) an aminoacid sequence at least
90% identical to {&); {c)
an aminoacid sequence which is encoded by a polynucleotide having a nucleotide
sequence which is at least 90% identical to at least one of SEQ ID NO: 5-8, 187-188; (d) .
an aminoacid sequence which is encoded by a polynucleotide having a nucleotide
sequénce which is at least 90% identical to a complementary sequence to at leasf one of
SEQ ID NO: 5-8, 187-188; and (e) a polypeptide fragment of (2) — (d) wherein the
fragment is at least 50 aminoacids in length.

The isolated polypeptide may be encoded by a DNA having a mutation selected
from nt 376 A to G, nt 3707 G to A, nt904C to T and nt 958C to T. Altemnatively, the
polypeptide may be characterized by a polymorphism in DNA encoding the polypeptide,
the polymorphism being selected from nt 1122A to G, nt 1440T to C, nt1509Cto T,
ni2141C to T, nt2259T to C, nt4098T to G, nt4453G to A. Alternatively, the
polypeptide may be characterized by a mutation at aminoacid 222 or aminoacid 561.

In an embodiment of the invention, an antibody preparation is described having-a
binding specificity for a FANCD?2 protein where the antibody may be a monoclonal
antibody or a polyclonal antibody and wherein the FANCD2 may be FANCD2-S or
FANCD2-L.

In an embodiment of the invention, a diagnostic method is provided for
measuring FANCD?2 isoforms in a biological sample where the method includes (a)
exposing the sample to a first antibody for forming a first complex with FANCD2-L and
optionally a second antibody for forming a second complex with FANCD2-S; and (b)
detecting with a marker, the amount of the first complex and the second complex in the
sample. The sample may be intact cells or lyzed cells in a lysate. The biological sample
may be from a human subject with a susceptibility to cancer or having the initial stages
of cancer. The sample may be from a cancer in a human subject, wherein the cancer is
selected from melanoma, leukemia, astocytoma, glioblastoma, lymphoma, glioma,

Hodgkins lymphoma, chronic lymphocyte leukemia and cancer of the pancreas, breast,
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thyrolid, ovary, uterus, testis, pituitary, kidney, stomach, esophagus and rectum. The

~ biological sample may be from 2 human fetvs or from an adult human and may be

derived from any of a blood sample, a biopsy sample of tissue from the subject and a cell
line. The biological sample may be derived from heart, brain, placenta, liver, skeletal
muscle, kidney, pancreas, spleen, thymus, prostate, testis, uterus, small intestine, colon,
peripheral bloed or lymphocytes. The marker may be a fluorescent marker, the
fluorescent marker optionally conjugated to the FANCD2-L antibedy, a
chemiluminescent marker optionally conjugated to the FANCD2-L antibody and may
bind the first and the second complex to a third antibody conjugated to a substrate.
Where the sample is a lysate, it may be subjected to a separation procedure to separate
FANCD?2 isoforms and the seperated isoforms may be identified by determining binding
to the first or the second FANCD2 anﬁbody. |

In an embodiment of the invention, a diagnostic test is provided for identifying a
defect in the Fanconi Anemia pathway in a cell population from a subject, that includes
selecting an antibody to FANCD?2 protein and determining whether the amount of an
FAND2-L isoform is reduced in the cell population compared with amounts, in a wild
type cell population; such that if the amount of the FANCD2-L protein is reduced, then
determining whether an amount of any of FANCA, FANCB, FANCC, FANCDI,
FANCE, FANCF or FANCG protein is altered in the cell population compared with the
wild type so as to identify the defect in the Fanconi Anemia pathway in the cell
population. In one example, the amount of an isoform relies on a separation of the
FANCD2-L and FANCD2-S isoforms where the separation may be achieved by gel
electrophoresis or by a migration binding banded test strip.

In an embodiment of the invention, a screening assay for identifying a therapeutic

agent, is provided that includes selecting a cell population in which FAND2-L is made in

. Teduced amounts; exposing the cell population to individual members of a library of

candidate therapeutic molecules; and identifying those individual member molecules that
cause the amount of FANCD2-L to be increased in the cell population. In one example,
the cell population is an in vitro cell population. In another example, the cell population
is an in vivo cell population, the in vivo population being within an experimental animal,
the experimental animal having a mutant FANCD2 gene. In a further example, the
experimental animal is a knock-out mouse in which the mouse FAND?2 gene has been
replaced by a human mutant FANCD2 gene. In another example, 2 chemical carcinogen

is added to the cell population in which FANCD2 is made in reduced amounts, to
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determine if any member molecules can cause the amount of FANCD2-L to be increased
so as to protect the cells form the hanmful effects of the chemical carcinogen.

In an embodiment of the invention, an experimental animal model is provided in
which the animal FANCD?2 gene has been removed and optionaily replaced by any of
the nucleic acid molecules described above

In an embodiment of the invention, a method is provided for identifying in a cell
sample from 2 subject, a mutant FANCD?2 nucleotide sequence in a suspected mutant
FANCD?2 allele which comprises comparing the nucleotide sequence of the suspected
mutant FANCD? allele with the wild type FANCD2 nucleotide sequence wherein a
difference between the suspected mutant and the wild type sequence identifies a mutant
FANCD?2 nucleotide sequence in the cell sample. In one example, the suspected mutant
alleleisa gcnnlihe allele. In another example, identification of a rﬁutziﬁt FANCD2"
nucleotide sequence is diagnostic for a predisposition for a cancer in the subject or for an
increased risk of the subject bearing an offspring with Fanconi Anemia, In another
¢xample, the suspected mutant allele is a somatic allele in a tumor type and identifying a
mutant FANCD2 nucleotide sequence is diagnostic for the tumor type. In another
example, the nucleotide sequence of the wild type and the suspected mutant FANCD?2
nucleotide sequence is selectéd from a gene, a mRNA and a cDNA made from a mRNA.
In another example, comparing the polynucleotide sequence of the suspected mutant
FANCD?2 allele with the wild type FANCD2 polynucleotide sequence, further includes
selecting a FANCD2 probe which specifically hybridizes to the mutant FANCD2
nucleotide sequence, and detecting the presence of the mutant sequence by hybridization
with the probe. In another example, comparing the polynucleotide sequence of the
suspected mutant FANCD? allele with the wild type FANCD2 polynucleotide sequence,
further comprises amplifying all or part of the FANCD2 gene using a set of primers
specific for wild type FANCD2 DNA to produce amplified FANCD2 DNA and
sequencing the FANCD2 DNA so as to identify the mutant sequence. In another

- example, where the mutant FANCD?2 nucleotide sequence is a gerrnline alteration in the

FANCD?2 allele of the human subject, the alteration is selected from the alterations set
forth in Table 3 and where the mutant FANCD?2 nucleotide sequence is a somatic
alteration in the FANCD?2 allele of the human subject, the alteration is selected from the
alterations set forth in Table 3.

In an embodiment of the invention, a method is provided for diagnosing a

susceptibility to cancer in a subject which comprises comparing the germline sequence
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of the FANCD2 gene or the sequence of its mRNA in a tissue sample from the subject
with the germline sequence of the FANCD2 gene or the sequence of its mRNA wherein
an alteration in the germline sequence of the FANCD2 gene or the sequence of its
mRNA of the subject indicates the susceptibility to the cancer. An alteration may be
detected in a regulatory region of the FANCD2 gene. An alteration in the germline
sequence may be determined by an assay selected from the group consisting of (a)
observing shifts in electrophoretic mobility of single-stranded DNA on non-denaturing
polyacrylamide gels, (b) hybridizing a FANCD?2 gene probe to genomic DNA jsolated
from the tissue sample, (c) hybridizing an allele-specific probe to genomic DNA of the
tissue sample, (d) amplifying all or part of the FANCD2 gene from the tissue sample to
produce an amplified sequence and sequencing the ampIified sequence, (¢} amplifying
all or part of the FANCD?2 gene from the tissue sample using primers for a specific
FANCD?2 mutant allele, (f) molecularly cloning all or part of the FANCD2 gene from the
tissue sample to produce a cloned sequence and sequencing the cloned sequence, (g) '
identifying a mismatch between (i) a FANCD2 gene or a FANCD2 mRNA isolated from
the tissue sample, and (ii) a nucleic acid probe complementary to the human wild-type
FANCD?2 gene sequence, when molecules (i) and (ii) are hybridized to each other to
form a duplex, (h) amplification of FANCD?2 gene sequences in the tissue sample and
hybridization of the amplified sequences to nucleic acid probes which comprise wild-
type FANCD2 gene sequences, (i) amplification of FANCD2 gene sequences in the
tissue sample and hybridization of the amplified sequences to nucleic acid probes which
comprise mutant FANCD2 gene sequences, (j) screening for a deletion mutation in the
tissue sample, (k) screening for a point mutation in the tissue sample, (i) screening for an
insertion mutation in the tissue sample, and (m) in sita hybridization of the FANCD2
gene of said tissue sample with nucleic acid probes which comprise the FANCD2 gene.

In an embodiment of the invention, a method is provided for diagnosing a
susceptibility for cancer in a subject, includes:(a) accessing genetic material from the
subject so as to determine defective DNA repair; (b) determining the presence of
mutations in a set of genes, the sef comprising FAND?2 and at least one of FANCA,
FANCB, FANCC, FANCD1, FANCDE, FANDF, FANDG, BRACA1 and ATM; and
(c) diagnosing susceptibility for cancer from the presence of mutations in the set of
genes.

In an embodiment of the invention, a method is provided for detecting a mutation

in a neoplastic lesion at the FANCD2 gene in a haman subject which includes:
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comparing the sequence of the FANCD?2 gene or the sequence of its mRNA in a tissue

sample from a lesion of the subject with the sequence of the wild-type FANCD?2 gene or

the sequence of 1ts mRNA, whercin an alteration in the sequence of the FANCID2 gene

or the sequence of its mMRNA of the subject indicates a mutation at the FANCD?2 gene of
the neoplastic lesion. A therapeutic protocol may be provided for treating the neoplastic
lesion according to the mutation at the FANCD2 gene of the neoplastic Iesion.

In an embodiment of the invention, a method is provided for confinping the lack
of a FANCD2 mutation in a neoplastic lesion from a human subject which comprises
comparing the sequence of the FANCD2 gene or the sequence of its mRNA in a tissue
sample from a lesion of said subject with the sequence of the wild-type FANCD2 gene
or the sequence of its RNA, wherein the presence of the wild-type sequence in the tissue
sample indicates the lack of a mutation at the FANCD2 gene.

In an embodiment of the invention, a method is provided for determining a
therapeutic protocol for a subject having a cancer, that includes (a) determining if a
deficiency in FANCD?2-L occurs in a cell sample from the subject by measuring
FANCD? isoforms using specific antibodies (b) if a deficiency is detected in (a), then

determining whether the deficiency is a result of genetic defect in non-cancer cells; and

(¢} if (b) is positive, reducing the use of a therapeutic protocol that causes increased

DNA damage so as to protect normal tissue in the subject and if (b) is negative, and the
deficiency is contained within a genetic defect in cancer cells only, then increasing the
use of a therapeutic protocol that causes increased DNA damage so as to adversely affect
the cancer cells.

In an embodiment of the invention, a method of treating a FA pathway defect in a
cell target is provided that includes: administering an effective amount of FAN CD2
protein or an exogenous nucleic acid to the target. The FA pathway defect maybe a
defective FANCD?2 gene and the exogenous nucleic acid vector may further include
introducing a vector according to those described above. The vector may be selected
from a mutant hcrpcsvirus; a E1/E4 deleted recombinant adenovirus, a mutant retrbvirus,
the viral vector being defective in respect of a viral gene essential for production of
infectious new virus particles. The vector may be contained in a lipid micelle.

In an embodiment of the invention, a method is provided for treating a patient
with a defective FANCD?2 gene, that includes providing a polypeptide described in SEQ
ID No: 4, for functionally correcting a defect arising from a condition arising from the
defective FANCD2 gene.
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In an embodiment of the invention, a cell based assay for detecting a FA pathway .
defect is provided that includes obtaining a cell sample from a subject; exposing the cell
sample to DNA damaging agents; and detecting whether FANCD2-L is upregulated, the
absence of upregulation being indicative of the FA pathway defect. In the cell-based
assay, amounts of FANCD2 may be measured by an analysis technique selected from:
immunoblotting for detecting nuclear foci; Western blots to detect amounts of FANCD2
isoforms and quantifying mRNA by hybridising with DNA probes.

In an embodiment of the invention, a kit is provided for use in detecting a cancer
cell in a biological sample, that includes (a) primer pair which binds under high
stringency conditions to a sequence in the FANCD2 gene, the primer pair being selected
to specifically amplify an altered nucleic acid sequence described in Table 7; and

containers for each of the primers.

Brief Description of the Figures

The foregoing features of the invention will be more readily understood by
referenice to the following detailed description, taken with reference to the accompanying
drawings, in which:

Figure 1A provides a Western blot demonstrating that the Fanconi Anemia
protein complex is required for the monoubiquitination of FANCD2. Normal (WT) cells
(lane 1) express two isoforms of the FANCD2 protein, a low molecular weight isoform
(FANCD2-S) (155 kD) and a high molecular weight isoform (FANCD2-L) (162 kD). .
Lanes 3,7, 9, 11 show that FA cell lines derived from type A, C, G, and F patients only
express the FANCD2-S isoform. Lanes 4, 8, 10, 12 show the restoration of the high
molecular weight isoform FANCD2-L. following transfection of cell lines with
corresponding FAcDNA.

Figure 1B shows a Western blot obtained after Hela cells were transfected with a
cDNA encoding HA-ubiquitin. After transfection, cells were treated with the indicated
dose of mitomycin C (MMC). Cellular proteins were immunoprecipitated with a
polyclonal antibody (E35) to FANCD?2, as indicated. FANCD2 was
immunoprecipitated, and immune complexes were blotted with anti-FANCD?Z or anti-
HA monoclonal antibody.

Figure 1C shows a Western blot obtained after HeLa cells were transfected with a

cDNA encoding HA-ubiguitin, After transfection, cells were treated with the indicated
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dose of 1onizing radiation (IR). FANCD?2 was immurioprecipitated, and immune
complexes were blotted with anti-FANCD2 or anti-HA monoclonal antibody.

Figure 11D shows a Western blot obtained after FA-G fibroblast line
(FAG3265V) or corrected cells (FAG326SV plus FANCG ¢DNA) were transfected with
the HA-Ub cDNA, FANCD2 was immunoprecipitated, and immune complexes were
blotted with anti-FANCD2 or anti-HA antisera.

Figure 1E shows a Western blot obtained after treatment of Hela cells with 1mM
hydroxyurea for 24hours. HeLa cell lysates were extracted and incubated at the
indicated temperature for the indicated time period with or without 2.5uM ubiquitin
aldehyde. The FANCD?2 protein was detected by immunoblot with monoclonal anti-
FANCD2 (FI17).

Figure 2 demonstrates that the Fanconi Anemia pathway is required for the
formation of FANCD?2 nuclear foci. Top pane! shows anti-FANCD?2 immunoblots of
SV40 transformed fibroblasts prepared as whole cell extracts. Panels a-h show |
immunofluorescence with the affinity-purified anti-FANCD?2 antiserum. The
uncorrected (mutant, M) FA fibroblasts were FA-A (GM6914), FA-G (FAG3265V), FA-
C (PD426), and FA-D (PD20F). The FA-A, FA-G, and FA-C fibroblasts were
functionally complemented with the corresponding FA cDNA. The FA-D cells were
complemented with neomycin-tagged human chromosome 3p (Whitney and al, 1995).

Figure 3 shows the cell cycle dependent expression of the two isoforms of the
FANCD?2 protein. (a) Hel.a cells, SV40 transformed fibroblasts from an FA-A patient .
(GM6914), and GM6914 cells corrected with FANCA cDNA were synchronized by the
double thymidine block method. Cells comresponding to the indicated phase of the cell
cycle were lysed, and processed for FANCD2 immunoblotting (b) Synchrony by
nocodazole block (c) Synchrony by mimosine block (d) HeLa cells were synchronized in
the cell cycle using nocodozole or {(€) mimosine, and cells corresponding to the indicated
phase of the cell cycle were immunostained with the anti-FANCD?2 antibody and
analyzed by imnmunofluorescence.

Figure 4. shows the formation of activated FANCD2 nuclear foci following
cellular exposure to MMC, Ionizing Radiation, or Ultraviolet Light. Exponentially-
growing HelLa cells were either untreated or exposed to the indicated DNA damaging
agents, () Mitomycin C (MMC), (b) y-irradiation (IR), or (c¢) Ultraviolet Light (UV),
and processed for FANCD2 immunoblotting or FANCD?2 immunostaining. (a) Cells
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were continuosly exposed to 40 ng/ml MMC for 0-72 hours as indicated, or treated for
24 hours and fixed for immunofluorescence. (b) and (c} Cells were exposed to y-
itradiation {10 Gy, B) or UV light (60 Jim? () and collected after the indicated time
(upper panels) or irradiated with the indicated doses and harvested one hour later (lower
panels). For immunofluorescence analysis cells were fixed 8 hours after treatment (B,
10 Gy, C, 60 J/m?). (d) The indicated EBV-transformed Iymphoblast lines from a
normal individual (PD7) or from various Fanconi Anemia patients were either treated
with 40ng/ml of Mitomycin C continuously (lanes 1-21) or exposed to 15 Gy of y-
irradiation (lanes 22-33) and processed for FANCD2 immunoblotting. The upregulation |
of FANCD-L after MMC or IR treatment was seen in PD7 (lanes 2—55 and in the
corrected FA-A cells (lanes 28-33), but was not observed in any of the mutant Fanconi
Anemia cell lines. Similarly, IR-induced FANCD2 nuclear foci were not detected in FA
fibroblasts (FA-G + IR) but were restored after functional complementation (FA-G +
FANCG).

Figure 3 shows co-localization of activated FANCD2 and BRCA1 in Discrete
Nuclear Foci following DNA damage. HelLa cells were untreated or exposed to Ionizing
Radiation (10 Gy) as indicated, and fixed 8 hours later. (2) Cells were double-stained
with the D-9 monoclonal anti-BRCA1 antibody (green, panels a, d, g, h) and the rabbit
polyclonal anti-FANCD2 antibody (red, panels b, e, h, k), and stained cells were
analyzed by immunofluorescence. Where green and red signals overlap (Merge, panels
¢, f,1, 1) a yellow pattern is seen, indicating colocalization of BRCA1 and FANCD2. (b)
Co-immunoprecipitation of FANCD2 and BRCA1. HeLa cells were untreated (- IR) or
exposed to 15 Gy of yy irradiation (+ IR) and collected 12 hours later. Cell lysates were

prepared, and cellular proteins were immunoprecipitated with either the monoclonal

_FANCD?2 antibody (FI-17, lanes 9-10), or any one of three independently-derived

monoclonal antibodies to human BRCA1 (lanes 3-8): D-9 (Santa Cruz), Ab-1 and Ab-3
(Oncogene Research Products). The same amount of purified mouse IgG (Sigma) was
used in control samples (lanes 1-2). Immune complexes were resolved by SDS-PAGE
and were inmunoblotted with anti-FANCD?2 or anti-BRCAL1 antisera. The FANCD-L
isoform preferentially coimmunoprecipitated with BRCA1.

Figure 6 shows the co-localization of activated FANCD2 and BRCAL in discrete
nuclear foci during S phase. (a) Hel.a cells were synchronized in Jate G1 with mimosine

and released into S phase. S phase cells were double-stained with the monoclonal anti-
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BRCAL antibody (green, pancls a, d) and the rabbit polyclonal anti-FANCD2 antibody
(red, panels b, ¢), and stained cells were analyzed by immunofluorescence. Where green
and red signals overlap (merge, panels ¢, f), 2 yellow pattern is seen, indicating co-
localization of BRCAI and FANCD2. (b) Hela cells synchronized in S phase were
either untreated (a, b, k, 1) or exposed to IR (50 Gy, panels c, d, m, n), MMC (20 pg/mi,
panels e, f, o, p), or UV (100 j/m2, panels g, h, g, r) as indicated and fixed. 1 hour later.
Cells were subsequently immunostained with an antibody specific for FANCD2 or
BRCAL. '

Figure 7 shows that FANCD2 forms foci on synaptonemal complexes that can
co-localize with BRCA1 during meiosis I in mouse spermatocytes. (a) Anti-SCP3
(white) and anti-FANCD2 (red) staining of synaptonemal complexes in a late pachytene
mouse nucleus. (b) SCP3 staining of late pachytene chromosomes. (c) Staining of this
spread with preimmune serum for the anti-FANCD2 E35 antibody. (d) Anti-SCP3
staining of synaptonemal complexes in a mouse diplotene nucleus. (e) Costaining of this
spread with E35 anti-FANCD?2 antibody. Note staining of both the unpaired sex
chromosomes and the telomeres of the autosomes with anti-FANCD2. (f) Costaining of
this spread with anti-BRCA1 antibody. The sex chromosomes are preferentially stained.
(g) Anti-FANCD2 staining of late pachytene sex chromosome synaptonemal complexes.
(h) Anti-BRCA1 staining of the same complexes. (i) Anti-FANCD?2 (red) and anti-
BRCAL (green) co-staining (co-]ocaﬁzation reflected by yellow areas).

Figure 8 provides a schematic interaction of the FA proteins in a cellular

. pathway. The FA proteins (A, C, and G) bind in a functional nuclear complex. Upon

activation of this complex, by either S phase entry or DNA damage, this complex
enzymatically modifies (monoubiquitinates) the D protein. According to this model, the
activated D protein is subsequently targeted to nuclear foci where it interacts with the
BRCA1 protein and other proteins involved in DNA repair. '
Figure 9 shows a Northern blot of cells from heart, brain, placenta, liver, skeletal
muscle, kidney, pancreas, spleen, thymus, prostate, testis, uterus, small intestine, colon
and peripheral blood lymphocytes from a human adult and brain, lung, liver and kidney
from a human fetus probed with a full-length FANCD2 ¢cDNA and exposed for 24 hours.
Figure 10 shows allele specific assays for mutation analysis of 2 FANCD2
families whete the family pedigrees (a, d) and panels b, ¢, e and f are vertically aligned
such that the corresponding mutation analysis is below the individual in question. Panels

a-c depict the PD20 and panels d-f the VU008 family. Panels b and e show the
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segregation of the maternal mutations as detected by the creation of a new Mspl site
(PD20) or Ddel site {(VU008). The paternally inherited mutations in both families were
detected with allele specific oligonucleotide hybridization (panels ¢ and f).

Figure 11 shows a Western blot analysis of the FANCD?2 protein in human
Fanconi Anemia cell lines. Whole cell lysates were generated from the indicated
fibroblast and lymphoblast lines. Protein lysates (70 pg) were probed directly by
immunoblotting with the anti-FANCD?2 antiseram. The FANCD?2 proteins (155 kD and
162 kD) are indicated by arrows. Other bands in the immunoblot are non-specific. (a)
Cell lines tested included wild-type cells (lanes 1,7), PD20 Fibroblasts (lane 2), PD20
lymphoblasts (lane 4), revertant MMC-resistant PD20 lymphoblasts (lane 5, 6), and
chromosome 3p complemented PD20 fibroblasts (lane 3). Several other FA éoup D cell
lines were analyzed including HSC62 (lane 8) and VU008 (lane 9). FA-A cells were
HSC72 (lane 10), FA-C cells were PD4 (lane 11), and FA-G celis were EUFA316 (lane
12). (b) Identification of a third FANCD?2 patient. FANCD2 protein was readily
detectable in wild-type and FA group G cells but not in PD733 cells. (c) Specificity of
the antibody. PD20i cells transduced with a retroviral FANCD2 expression vector
displayed both isoforms of the FANCD?2 protein (lane 4) in contrast to empty vector
controls (lane 3) and untransfected PD20i cells (lane 2). In wild-type cells the
endogenous FANCD?2 protein (two isoforms) was also immunoreactive with the
antibody (lane 1).

Figure 12 shows functional complementation of FA-D?2 cells with the cloned
FANCD?2 ¢cDNA. The SV40-transformed FA-D2 fibroblast line, PD20i, was transduced
with pMMP-puro (PDZd + vector) or pMMP-FANCD2 (PD20 + FANCD2wt).
Puromycin-selected cells were subjected to MMC sensitivity analysis. Cells analyzed
were the parental PD20F cells (A), PD20 corrected with human chromosome 3p {0), and
PD20 cells transduced with either pMMP-puro ( ) or pMMP-FANCD2(wt)-puro (4).

Figure 13 shows a molecular basis for the reversion of PD20 Lymphoblasts. (a)
PCR primers to exons 5 and 6 were used to amplify cDNA. Control samples (right lane)
yielded a single band of 114 bp, whereas PD20 cDNA. (left lane) showed 2 bands, the
larger reflecting the insertion of 13 bp of intronic sequence into the maternal allele.
Reverted, MMC resistant lymphoblasts (middle lane) from PD20 revealed a third, in-
frame splice variant of 114 + 36 bp (b) Schematic representation of splicing at the
FANCD?2 exon 5/intron 5 boundary. In wild-type cDNA 100% of splice events occur at
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the proper exon/intron boundary, whereas the maternal A->G mutation (indicated by
arrow) leads to aberrant splicing, also in 100%. In the reverted cells all cDNAs with the’
maternal mutatton also had a second sequence change (fat arrow) and showed a mixed
sphicing pattern with insertion of either 13 bp (~40% of mRNA) or 36 bp (~60% of
mRNA).

Figure 14 shows an FANCD2 Western blot of cancer cell lines derived from
patients with ovatian cancer.

Figure 15 shows a sequence listing for amino acid sequence of human FANCD2

and alignment with fly and plant homologues using the BEAUTY algorithm (Wotley, et

- al., 1995, Genome Res.Vol. 5, pp.173-184). (SEQ. ID. NO. 1-3) Black boxes indicate

amino acid identity and gray similarity. The best alignment scores were observed with
hypothetical proteins in D melanogaster (p=8.4 x 10°® | accession number AAF55806)
and A thaliana (p=9.4 x 10™*°, accession number B71413 ).

Figure 16 is the FANCD cDNA sequence —63 to 5127 nucleotides (SEQ ID NO:
5) and polypeptide encoded by this sequence from amino acid 1 to 1472 (SEQ ID NO:
4).

Figure 17 is the nucleotide sequence for FANCD-S.ORF (SEQ ID NO: 187)
compared with FANCD cDNA (SEQ ID NO: 188).

Figure 18 is the nucleotide sequence for human FANCD2-L (SEQ ID NO: 6).

Figure 19 is the nucleotide sequence for human FANCD2-S (SEQ 1D NO: 7).

Figure 20 is the nucleotide sequence for mouse FANCD2 (SEQ ID NO: 8).

Detailed Description of Specific Embodiments

Definitions. As used in this description and the accompanying claims, the
following terms shall have the meanings indicated, unless the context otherwise requires:
“FANCD?2-L therapentic agent” shall mean any of a protein isoform, and
includes a peptide, a peptide derivative, analogue or isomer of the FANCD2-L protein
and further include any of a smail molecule derivative, analog, isomer or agonist that is
functionally equivalent to FANCD2-L. Also included in the definition is a nucleic acid
encoding FANCD?2 which may be a full length or partial length gene sequence or cDNA
or may be a gene activating nucleic acid or a nucleic acid binding molecule including an
aptamer of antisense molecule which may act to modulate gene expression.

“Nucleic acid encoding FANCD-2" shall include the complete cDNA or genomic
sequence of FANCD?Z or portions thereof for expressing FANCD2-L, protein as defined
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above. The nucleic acid may further be included in a nucleic acid carrier or vector and
ncludes nucleic acid that has been suitably modified for effective delivery to the target
site.

“Stringent conditions of hybridization” will ‘generally include temperatures in
excess of 30°C, typically in excess of 37°C, and preferably in excess of 45°C. Stringent
salt conditions will ordinarily be less than 1000 mM, typically less than 500 mM, and
preferably less than 200 mM.

“Substantial homology or similiarity” for a nucleic acid is when a nucleic acid or
fragment thereof is "substantially homologous” (“or substantially similar"} to another if,
when optimally aligned (with appropriate nucleotide insertions or deletions) with the
other nucleic acid (or its complementary strand), there is nucleotide sequence identity in
at least about 60% of the nucleotide bases, usually at least about 70%, more usually at
least about 80.

"Antibodies" includes polyclonal and/or monoclonal antibodies and fragments
thereof including single chain antibodies and including single chain antibodies and Fab
fragments, and immunologic binding equivalents thereof, which have a binding
specificity sufficient to differentiate isoforms of a protein. These antibodies will be
useful in assays as well as pharmacenticals.

"Isolated" is used to describe a protein, polypeptide or nucleic acid which has
been separated from components which accompany it in its natural siate. An “isolated”
protein or nucleic acid is substantially pure when at least about 60 to 75% of a sample -
exhibits a single aminoacid or nucleotide sequence.

"Regulatory sequences” refers to those sequences normally within 100 kb of the
coding region of a locus, but they may aléo be more distant from the coding regjon,
which affect the expression of the gene (including transcription of the gene, and
translation, splicing, stability or the like of the messenger RNA).

“Polynucleotide” includes RNA, cDNA, genomic DNA, synthetic forms, and
mixed polymers, both sense and antisense strands, and may be chemically or
biochemically modified or may contain non-natural or derivatized nuc_lcotidc bases, as
will be readily appreciated by those skilled in the art. Such modifications include, for
example, labels, methylation, substitution of one or more of the naturally occurring
nucleotides with an analog, internucleotide modifications such as uncharged linkages
(e.g., methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.),

charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.), pendent moieties
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{e.g., polypeptides), and modified linkages (¢.g., alpha anomeric nucleic acids, etc.).
Also included are synthetic molecules that mimic nucleic acids in their ability to bind to
a designated sequence via hydrogen bonding and other chemical interactions.

“Mutation” 1s a change in nucleotide sequence within a gene, or outside the gene
in a regulatory sequence compared to wild type. The change may be a deletion,
substitution, point mutation, mutation of multiple nucleotides, transposition, inversion,
frame shift, nonsense mutation or other forms of abberration that differentiate the nucleic
acid or protein sequence from that of a normalily expressed gene in a functional cell
where expression and functionality are within the normally occurring range.

“Subject” refers to an animal including mammal, including human.

“Wild type FANCD2” refers to a gene that encodes a protein or an expressed
protein bapab]e of being monoubquinated to form FANCD2-L froranANCD-S within a
cell.

We have found that some Fanconi Anemia has similarities with a group of
syndromes including ataxia telangiectasia (AT), Xeroderma pigmentosum (XP),
Cockayne syndrome (CS), Bloom’s syndrome, myelodysplastic syndrome, aplastic
anemia, cancer susceptibility syndromes and HNPCC (see Table 2). These syndromes
have an underlying defect in DNA repair and are associated with defects in maintenance
of chromosomal integrity. Defects in pathways associated with DNA repair and
maintenance of chromosomal integrity result in genomic instability, and eellular
sensitivity to DNA damaging agents such as bifunctional alkylating agents that cause
intrastrand crosslinking. Moreover, deficiencies in DNA repair mechanisms appear to
substantially increase the probability of initiating a range of cancers through genetic
rearrangements, This observation is pertinent with regard to the clinical use of DNA
cross-linking drugs including mitomycin C, cisplatin, cyclophosphamide, psoral-en and
UVA irradiation.

Although Fanconi Anemia is a rare disease, the pleiotropic effects of FA indicate
the importance of the wild type function of FA proteins in the pathway for diverse
cellular processes including genome stability, apoptosis, cell cycle control and resistance
to DNA crosslinks. The cellular abnonmalities in FA include sensitivity to cross-linking
agents, prolongation of G2 phase of cell cycle, sensitivity to oxygen including poor
growth at ambient (,, overproduction of O, radicals, deficient O, radical defense,
deficiency in superoxide dismutase; sensitivity to ionizing radiation (G2 specific);

overproduction of tumor necrosis factor, direct defects in DNA repair including
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accumulations of DNA adducts, and defects in repair of DNA cross-links, genomic
instability including spontaneous chromosome breakage, and hypermutabﬂity by
deletion mechanism, increased aptosis, defective p53 induction, intrinsic stem cell
defect, including decreased colony growth in vitro; and decreased gonadal stem cell
survival.

These features are reflective of the involvement of FA in maintenance of
hematopoietic and gonadal stem cells, as well as the normal embryonic development of
many different structures, including the skeleton and urogenital systems. Cell samples
from paﬁents were analyzed to determine defects in the FA complementation group D.
Lymphoblasts from one patient gave rise to the PD20 cell line which was found to be
mutated in a different gene from HSC 62 derived from another patient with a defect in
the D complementation group Mutations from both patients mapped to the D
complementation group but to different genes hence the haming of two FANCD
proteins-FANCD1 (HSC 62} and FANCD2 (PD20) {Timmers et al., (2001) Molecular
Cell, Vol. 7, pp. 241-248).. 'We have shown that FANCD? is the endpeint of the FA
pathway and is not part of the FA nuclear complex nor required for its assembly or
stability and that FANCD?2 exists in two isoforms, FANCD2-S and FANCD2-L. We
have also shown that transformation of the protein short form (FAND2-S) to the protein
long form (FANCD2-L) occurs in response to the FA complex (Fig. 8). Defects in
particular proteins associated with the FA ﬁathway resulf in failure to make an important
post translationally modified form of FANCD?2 identified as FANCD2-L. The two
isoforms of FANCD?2 are identified as the short form and the long form.

Failure to make FANCD2-L correlates with errors in DNA repair and cell cycle
abnormalities associated with diseases listed above.

To understand more about the role of FANCDZ in the aforementioned
syndromes, we cloned the FANCD?2 gene and determined the protein sequence. The
FANCD2 gene has an open reading frame of 4,353 base pairs and forty four exons which
encodes a novel 1451 amino acid nuclear protein, with a predicted molecular weight of
166kD. Western blot analysis revealed the existence of 2 protein isoforms of 162 and
155 kD. The sequence corresponding to the 44 Intron/Exon Junctions are provided in
Table 6 (SEQ ID NO: 9-94).

Unlike previously cloned FA proteins, FANCD2 proteins from several non-
vertebrate eurkaryotes showed highly significant alignment scores with proteins in D,

melanogaster, A. thaliana, and C. elegans. The drosophila homologue, has 28% amino
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acid identity and 50% similarity to FANCD?2 (Fig. and SEQ ID NO: 1-3) and no
functional studies have been carried out in the res;;ective species. No proteins similar to
FANCD?2 were found in E. coli or 8. cerevisiae.

We obtained the FANCD2 DNA sequence (SEQ ID No: 5) by analyzing the
chromosome 3p locus in PD20 and VU008, two FA cell lines having biallelic mutations
in the FANCD?Z gene (Fig. 10). The cell lines were assigned as complementation group
D because Jymphoblasts from the patients failed to complement HSC62, the reference
cell Yine for group D. FANCD2 mutations were not detected in this group D reference
cell line which indicates that the gene mutated in HSC62 is the gene encoding FANCD1
and in PD20 and VU008 is FANCD2 (Fig. 11). Microcell mediated chromosome transfer
was used to jdentify the mutations (Whitney et al. Blood (1995) Vol. 88, 49-58).
Detailed analysis of five microcell hybrids containing smail overlapping deletions
encompassing the locus narrowed the candidate region of the FANCD?2 gene to 200Kb.
The FANCD?2 gene was isolated as follows: Three candidate ESTs were localized in or
near this FANCD?Z critical region. Using 5’ and 3 RACE to obtain full-length cDNAs,
the genes were sequenced, and the expression pattern of each was analyzed by northem
blot. EST SGC34603 had ubiquitous and low level expression of 2 5kb and 7 kb mRNA
similar to previously cloned FA genes. Open reading frames were found for TIGR-
A004X28, AA609512 and SGC34603 and were 234, 531 and 4413 bp in length
respectively. All 3 were analyzed for mutations in PD20 cells by sequencing cloned RT-
PCR products. Whereas no sequence changes were detectéd in TIGR-A004X28 and
AA609512, five sequence changes were found in SGC.34603. Next, we determined the
structure of the SGC34603 gene by using cDNA sequencing primers on BAC 177N7
from the critical region. |

Based on the genomic sequence information, PCR primer pairs were designed
(Table 7}, the exons containing putative mutations were amplified, and allele-specific
assays were developed to screen the PD20 family as well as 568 control chromosomes.
Three of the alleles were common polymorphisms; however, 2 changes were not found
in the controls and thus represented potential mutations (Table 3). The first was a
matemnally inherited A->G change at nt 376. In addition to changing an amino acid
(S126G), this alteration was associated with mis-splicing and insertion of 13 bp from
intron 5 into the mRNA. 43/43 (100%) independently cloned RT-PCR products with the
maternal mutation contained this insertion, whereas only 3 % (1!31) of control cDNA

clones displayed mis-spliced mRNA. The 13 bp insertion generated a frame-shifi and
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predicts a severely truncated protein only 180 amine acids in length. The second
alteration was a patemally inherited missense change at position 1236 (R1236H). The
segregation of the mutations in the PD20 core family is depicted in Figure 10. Because
the SGC34603 gene of PD20 contained both a maternal and a paternal allele not present
on 568 control chromosomes and because the maternal mutation was associated with
mis-splicing in 100% of cDNAs analyzed, we concluded that SGC34603 is the FANCD?
gene. ,
The protein encoded by FANCDZ is absent in PD20: To further confirm the
identity of SGC34603 as FANCD2, an antibody was raised against the protein, and
Western blot analysis was performed (Figure 11). The specificity of the antibody was
shown by retroviral transduction and stable expression FANCD?2 in PD20 cells (Figure
I1c). In wild-type cells this antibody detected two bands (155 and 162kD) which we
call FANCD2 -S and —L (best seen in Figure 11c). FANCDZ2 protein levels were
markedly diminished in all MMC-sensitive cell lines from patient PD20 (Figure 11a,
lanes 2, 4) but present in all wild-type cell lines and FA cells from other
complementation groups. Furthermore, PD20 cells corrected by microcell-mediated
transfer of chromosome 3 also made normal amounts of protein (Fig. 11a, lane 3).

Functional complementation of FA-D2 cells with the FAN CD2 cDNA: We next
assessed the ability of the cloned FANCD2 cDNA to complement the MMC sensitivity
of FA-D2 cells (Figure 12). The full length FANCD2 cDNA was subcloned into the
retroviral expression vector, pMMP-puro, as previously described (Pulsipher, et al.,
(1998) Mol. Med., Vol. 4, pp. 468-479). The transduced PD-20 cells expressed both
isoforms of the FANCD?2 protein, FANCD2-S and FANCD2-L (Fig. iZc). Transduction
of FA-D2 (PD20) cells with pMMP-FANCD?2 corrected the MMC sensitivity of the
cells. These results further show that the cloned FANCD2 cDNA encodes the FANCD2-
S protein, which can be post-translationally-modified to the FANCD2-L, isoform. This
important modification is discussed in greater detail below.

Analysis of a phenotypically reverted PD20 clone: We next generated additional
evidence demonstrating that the sequence variations in PD20 cells were not functionally
neutral polymorphisms. Towards this end we performed a molecular analysis of a
revertant lymphoblast clone (PD20-cl.1) from patient PD20 which was no longer
sensitive to MMC. Phenotypic reversion and somatic mosaicism are frequent findings in
FA and have been associated with intragenic events such as mitotic recombination or

compensatory frame-shifts. Indeed, ~60% of maternally derived SGC34603 cDNAs had
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a nove} splice variant inserting 36 bp of intron 5 sequence rather than the usually
observed 13 bp (Figure 13). The appearance of this in-frame splice vanant correlated
with a de novo base change at position IVS5+6 from G to A (Figure 13) and restoration
of the correct reading frame was confirmed by Western blot analysis. In contrast to afl
MMC sensitive fibroblasts and lymphoblasts from patient PD20, PD20-c1.1 produced
readily detectable amounts of FANCD2 protein of slightly higher molecular weight than
the normal protein.

Analysis of cell lines from other “FANCD” patients: The antibody was also used
to screen additional FA patient cell lines, including the reference cell line for FA group
D, HSC and 2 other cell lines identified as group D by the .European Fanconi Anemia
Registry (EUFAR). VU008 did not express the FANCD2 protein and was found to be a
compound heterozygote, with a missense and nonsense mutation, both in exon 12, and
not found on 370 control chromosomes (Table 3, Figure 11). The missense mutation
appears to destabilize the FANCD?2 protein, as there is no detectable FANCD?2 protein in
lysates from VUOOS cells. A third patient PD733 also lacked FANCD?2 protein (Figure
11b, lane 3) and a splice mutation leading to absence of exon 17 and an internal deletion
of the protein was found. The correlation of the mutations with the absence of FANCD?2
protein in cell lysates derived from these patients substantiates the identity of FANCD2
as a FA gene. In contrast, readily detectable amounts of both isoforms of the FANCD2
protein were found in HSC 62 (Fig.11a, lane 8) and VU423 ¢cDNA and genomic DNA
from both cell lines were extensively analyzed for mutations, and none were found. In-
addition, a whole cell fusion between VU423 and PD 20 fibroblasts showed
complementation of the chromosome breakage phenotype (Table 5). Taken together
these data show that FA group D are genetically heterogeneous and that the gene(s)
defective in HSC 62 and VU423 are distinct from FANCD2.

The identification and sequencing of the FANCD2 gene and protein provides a
novel target for therapeutic development, diagnostic tests and screening assays for
diseases associated with failure of DNA repair and cell cycle abnormalities including but
not limited to those listed in Table 2.

The following description provides novel and useful insights into the biological
role of FANCD2 in the FA pathway which provides a basis for diagnosis and treatment
of the aforementioned syndromes.

Evidence that FA cells have an underlying molecular defect in cell cycle

regulation include the following: (a) FA cells display a cell cycle delay with 4N DNA
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content which is enhanced by treatment with chemical crosslinking agents, (b) the cell
cycle arrest and reduced proliferation of FA cells can be partially corrected by
overexpression of a protein, SPHAR, a member of the cyclin family of proteins and (c)
caffeine abrogates the G2 arrest of FA cells. Consistent with these results, caffeine
constitutively activates cdc2 and may override a normal G2 cell cycle checkpoint in FA
cells. Finally, the FANCC protein binds to the cyclin dependent kinase, cdc2. We
propose that the FA complex may be a substrate or modulator of the cyclinB/cde2
complex.

Additionally, evidence that FA cells have an underlying defect in DNA repair is
suggesied by (a) FA cells that are sensitive to DNA cross-linking agents and fonizing
radiation (IR), suggesting a specific defect in the repair of cross-linked DNA or double
strand breaks, (b) DNA damage of FA cells which results in a hyperactive p53 response,
suggesting the presence of defective repair yet intact checkpoint activities; and (c) FA
cells with a defect in the fidelity of non-homologous end joining and an increased rate of
homologous recombination (Garcia-Higuera et al. Mol. Cell. (2001), Vol. 7, pp. 249-
262), (Grompe et al., Hom. Mol.Genet. (2001) Vol. 10, pp. 1-7).

Despite these general abnormalities in cell cycle and DNA repair. The
mechanism by which FA pathway regulates these activities has remained elusive. Here
we show that the FANCD?2 protein functions downstream of the FA protein complez. In
the presence of the assembled FA protein complex, the FANCD?2 protein is activated to a
high molecular weight, monoubiquitinated isoform which appears to modulate an S
phase specific DNA repair response. The activated FANCD?2 protein accumutlates in
nuclear foci in response to DNA damaging agents and co-localizes and co-
immunoprecipitates with a known DNA repair protein, BRCA1. These results resolve
previous conflicting models of the FA pathway (D’Andrea et al., 1997) and demonstrate
that the FA proteins cooperate in a cellular response to DNA damage.

The FA pathway includes the formation of the FA multisubunit nuclear complex
which in addition to A/C/G, we have shown also includes FANCF as a subunit of the
complex (Figure 8). The FA pathway becomes “active” during the S phase to provide S-
phase specific repair response or checkpoint response. The normal activation of the FA
pathway which relies on the FA multisubunit complex resuits in the regulated
monoubiquitination of the phosphoprotein-FANCD?2 via a phosphorylation step to a high
molecular weight activated isoform identified as FANCD-2]1. (Fig. 1).
Monoubiquitination is associated with cell trafficking. FANCD2-L appears to modulate



10

15

20

25

30

(86) JP 2010-246550 A 2010.11.4

22
an S-phase specific DNA repair response (Fig. 3). The failure of FA cells to activate the
S phase-specific activation of FANCD2 is associated with cell cycle specific
abnormalities. The activated FANCD2 protein accumulates in nuclear foci in response
to the DNA damaging agents, MMC and IR, and colocalizes and co-iramunoprecipitates
with a known DNA repair protein, BRCA1 (Fig. 4-6). These results resolve previous
conflicting models of FA protein function (D’Andrea et. al., 1997) and strongly support a
role of the FA pathway in DNA repair. '

We have identified for the first time, an association between FANCD?2 isoforms
with respect to the FA pathway and proteins that are known diagnostic molecules for
various cancers. A similar pathway with respect to DNA damage for the BRCA 1
protein which is activated to a high molecular weight, post-translationally-modified
isoform in S phase or in response to DNA damage suggests that activated FANCD2
protein interacts with BRCAL. More particularly, the regulated monoubiquitination of
FANCDZ2 appears to target the FANCD?2 protein to nuclear foci containing BRCA1.
FANCD? co-immunoprecipitates with BRCA1, and may further bind with other “dot”
proteins, such as RADS0, Mrell, NBS, or RAD51. Recent studies demonstrate that
BRCAL1 foci are composed of a large (2 Megadalton) multi-protein complex (W ang et
al.,, (2000) Genes Dev., Vol. 14, pp. 927-939). This complex includes ATM, ATM
substrates involved in DNA repair functions (BRCA1), and ATM substrates involved in
checkpoint functions (NBS). 1t is further suggested that damage recognition and
activation of the FA pathway involve kinases which respond to DNA damage including
ATM, ATR, CHK1, or CHK?2.

We have found that the DNA damaging reagents, IR and MMC, activate
independent post-translational modifications of FANCD?2 result in distinct functional
consequences. IR activates the ATM --dependent phosphorylation of FANCD?2 at Serine
222 resulting in an S phase checkpoint response. MMC activates the BRACA-1
dependent and FA pathway dependent monouniquitination of FANCD?2 at lysine 561,
resulting in the assembly of FANCD2/BRCA1 nuclear foci and MMC resistance.
FANCD? therefore has two independent functional roles in the maintenance of
chromosomal stability resulting from two discrete post-translational modifications
provide a link between two additional cancer susceptibility genes (ATM and BRCA1) in
a common pathway. Several additional lines of evidence support an interaction between
FANCD?2 and BRCA1. First, the BRCA1 {-/) cell line, HCC1937 (Scully, et al., {(1999)
Mol. Cell, Vol. 4, pp. 1093-1099) has a “Fanconi Anemia-like” phenotype, with
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chromosome instability and increased tri-radial and tetra-radial chromosome formations.
Second, although FA cells form BRCA1 foci {and RADS1 foci) normally in response to
IR, BRCA1 (-/-) cells have no detectable BRCA1 foci and a greatly decreased number of
FANCD?2 foci compared to normal cells. Functional complementation of BRCA1 (-/-)
cells restored BRCA1 foci and FANCD?2 foci to normal levels, and restored normal
MMC resistance.

The amount of FANCD2-L is determined in part by the amount of FAND2-S that
is synthesized from the fancd2 gene and in part by the availability of the FA complex to
monoubiquinated FANCD2-S to form FANCD2-L. The association of FANCD2-L with
nuclear foci including BRCA and ATM and determining the role of RANCD2-L in DNA
repair make this protein a powerful target for looking at potential cancer development in
patients for a wide range of cancers. Such cancers inclnde those that arise through
lesions on chromosome 3p as well as cancers on other chromosomes such that mutations
result in interfering with production of upstream members of the FA pathway such as
FANCG, FANCC or FANCA. Cancer lines and primary cells from cancer patients
including tumor biopsies are being screened for FANCD-L and abnormal levels of this
protein is expected to correlate with early diagnosis of disease. Because FANCD2
protein is a final step in a pathway to DNA repair, it is envisaged that any abnormality in
a protein in the one or more pathways that lead to the conversion of FANCD2 -S to
FANCD-L will be readily detected by measuring levels of FANCD2. Moreover, levels
of FANCD?2 affect how other proteins such as BRCA and ATM functionally interact in-
the nuclens with consequences for the patient. Analysis of levels of FANCD2 in a
patient is expected to aid a physician in a clinical decision with respect to understanding
the class of cancer presented by the patient. For instance, if a cancer cell fails to generate
the monoubiguinated FANCD2-L isoform, the cell may have increased chromosome
instability and perhaps increased sensitivity to irradiation or chemotherapeutic agents.
This information will assist the physician in procedure improved treatment for the
patient.

Fanconi Anemia is associated not only with a broad spectrum of different cancers
but also with congenital abnormalities. Development of the fetus is a complex but
orderly process. Certain proteins have a particularly broad spectrum of effects because
they disrupt this orderly progression of development. The FA pathway plays a significant
role in development and disruption of the FA pathway results in a multitude of adverse

effects. Errors in the FA pathway are detectable through the analysis of the FAND2.1,
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protein from fetal cells. FANCD?2 represents a diagnostic marker for normal fetal
development and a possible target for therapeutic intervention.

Consistent with the above, we have shown that FANCD?2 plays a role in the
production of viable sperm. FANCD?2 forms foci on the unpaired axes of chromosomes
XY bivalents in late pachytene and in diplotene murine spermatocytes. (Fig. 7)
Interestingly, FANCD2 foci are also seen at the antosomal telomeres in diplonema.
Taken together with the known fertility defects in FA patients and FA-C knockout mice,
our observations suggest that activated FANCD?2 protein is required for normal
progression of spermatocytes through meiosis I. Most of the FANCD?2 foci seen on the
XY axes were found to colocalize with BRCALI foci, suggesting that the two proteins
may function together in meiotic cells. Like BRCA1, FANCD2 was detected on the
axial (unsynapsed) elements of developing synaptonemal complexes. Since
recombination occurs in synapsed regions, FANCD?2 may function prior to the initiation
of recombination, perhaps to help prepare chromosomes for synapsis or to regulate
subsequent recombinational events. The relatively synchronous manner in which
FANCD?2 assembles on meiotic chromosomes, and forms dot structures in mitotic cells,
suggests a role of FANCDZ in both mitotic and meiotic cell cycle control.

Embodiments of the invention are directed to the use of the post translationally
modified isoform: FANCD-2L as a diagnostic target for determining the integrity of the
FA pathway. Ubignitination of FANCD2 and the formation of FANCD?2 nuclear foci
are downstream events in the FA pathway, requiring the function of several FA genes. -
We have found that biallelic mutations of any of the upstream FA genes (FANCA,
FANCB, FANCC, FANCE, FANCF and FANCG) block the posttranslational
modification of FANCD2 the unubiquitinated FANCD2 (FANCD?2-S) form to the
ubiquitinated (FANCD2-L). Any of these upstream defects can be overridden by
transfecting cells with FANCD2 cDNA. (Fig. 1a)

‘We have demonstrated for the first time the existence of FANCD2 and its role in
the FA pathway. We have shown that FANCD?2 accumulates in nuclear foci in response
to DNA damaging agents where it is associated with other DNA repair proteins such as
BRCA 1 and ATM. We have also demonstrated that FANCD? exists in two isoforms in
cells where a reduction in one of the two isoforms, FANCD2- L is correlated with
Fanconi Anemia and with increased cancer susceptibility. We have used these findings
to propose a number of diagnostic tests for use in the clinic that will assist with patient

care.
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These tests include: (a) genetic and prenatal counseling for parents concerned
about inherited Fanconi Anemia in a future offspring or in an existing pregnancy; (b)
genetic counseling and immunodiagnostic tests for adult humans to determine increased
susceptibility to a cancer correlated with a defective FA pathway; and (c) diagnosing an
already existing cancer in a subject to provide an opportunity for developing treatment
protocols that are maximally effective for the subject while minimizing side effects.

The diagnostic tests described herein rely on standard protocols known in the art
for which we have provided novel reagents to test for FANCD2 proteins and nucleotide
sequences. These reagents include antibodies specific for FANCD2 isoforms, nucleotide
sequences from which vectors, probes and primers have been derived for detecting
genetic alterations in the FANCD2 gene and cells lines and recombinant cells for
preserving and testing defects in the FA pathway.

‘We have prepared monoclonal and polyclonal antibody preparations as described
in Example 1 that are specific for FANCD2-L and FANCD2-S proteins. In addition,
FANCD?2 isoform specific antibody fragments and single chain antibodies may be
prepared using standard techniques. We have used these antibodies in wet chemistry
assays such as immunoprecipitation assays, for example Western blots, to identify
FANCD2 isoforms in biological samples (Figure 1). Conventional immunoassays
including enzyme linked immunosorbent assays (ELISA), radioimmune assays (RIA),
immunoradiometric assays (IRMA) and immunoenzymatic assays (IEMA) and further
including sandwich assays may also be used. Other immunoassays may utilize a sample
of whole cells or lyzed cells that are reacted with antibody in solution and optionally
analyzed in a liquid state within a reservoir. Isoforms of FANCD2 can be identified in
situ in intact cells including cell lines, tissue biopsies and blood by immunological
techniques using for example fluorescent activated cell sorting, and laser or light
microscopy to detect immunoflucrescent cells. (Figures 1-7, 9-14). For example,
biopsies of tissues or cell monolayers, prepared on a slide in a preserved state such as
embedded in paraffin or as frozen tissue sections can be exposed to antibody for
detecting FANCD2-L and then exarnined by fluorescent microscopy.

In an embodiment of the invention, patient-derived cell lines or cancer cell lines
are analyzed by immunoblotting and immunofluorescence to provide a novel simple
diagnostic test for detecting altered amounts of FANCD2 isoforms. The diagnostic test
also provides a means to screen for upstream defects in the FA pathway and a practical

alternative to the currently employed DEB/MMC chromosome breakage test for FA
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because individuals with upstream defects in the FA pathway are unable to ubiquitinate
FANCD?2. Other assays may be used including assays that combine retroviral gene
transfer to form transformed patient derived cell lines (Pulsipher et al. (1998). Mol
Med 4, 468-79 together with FANCD2 immunoblotting to provide a rapid subtyping
analysis of newly diagnosed patients with any of the syndromes described in Table 2, in
particular, that of FA. ‘

The above assays may be performed by diagnostic laboratories, or, alternatively,
diagnostic kits may be manufactured and sold to health care providers or to private
individuals for self-diagnosis. The results of these tests and interpretive information are
useful for the healthcare provider in diagnosis and treatment of a patient’s condition.

Genetic tests can provide for a subject, a rapid reliable risk analysis for a B
particular condition against an epidémiological baseline. Our data suggests that genetic
heterogeneity occurs in patients with FA within the FANCD2 complementation group.
We have found a correlation between genetic heterogeneity and disease as well as
genetic heterogeneity and abnormal post-transiational modifications that result in the
presence or absence of FANCD2-L. This correlation provides the basis for prognostic
tests as well as diagnostic tests and treatments for any of the syndromes characterized by
abnormal DNA repair. For example, nucleic acid from a cell sample obtained from
drawn blood or from other cells derived from a subject can be analyzed for mutations in
the FANCD?2 gene and the subject may be diagnosed to have an increased susceptibility
to cancer

We have located the FANCD2 gene at 3p25.3 on chromosome 3p in a region
which correlates to a high frequency of cancer. Cytogenetic and loss of heterozygosity
(LOH) studies have demonstrated that deletions of chromosome 3p occur at a high
frequency in all forms of lung cancer (Todd et al. Cancer Res. Vol. 57, pp. 1344-52).
For example, homozygous deletions were found in three squamous cell lines within a
region of 3p21. Homozygous deletions were also found in a small cell tumor at 3pl2 and
a 3pl4.2. (Franklin et al. (1997) Cancer Res. 57:1344-52). The present mapping of
FANCD?2 is supportive of the theory that this chromosomal region contains important
tumor suppressor genes. Further support for this has been provided by a recent
publication of Sekine et al., Human Molecular Genetics, (2001) 10, pp. 1421-1429 who
reported localization of a novel susceptibility gene for familial ovarian cancer to

chromosome 3p22-p25. The reduction or absence of FANCD2-L is here proposed to be
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diagnostic for increased risk of tumors resulting from mutations not only at the FANCD?2
site (3p25.3) but also at other sites in the chromosomes possibly arising from defects in
DNA repair following cell damage arising from exposure to environmental agents and
nommal aging processes.

As more individuals and families are screened for genetic defects in the
FANCD?2 gene, a data base will be developed in which population frequencies for
different mutations will be gathered and cosrelations made between these mutations and
health profile for the individuals so that the predictive value of genetic analysis will
continually improve. An example of an allele specific pedigree analysis for FANCD?2 is
provided in Figure 10 for two families. |

Diagnosis of a mutation in the FANCD2 gene may initially be detected by a rapid
immunological assay for detecting reduced amounts of FANCD2-L. proteins. Positive
samples may then be screened with available probes and primers for defects in any of the

genes in the FA pathway. Where a defect in the FANCD2 gene is implicated, primers or

- probes such as provided in Table 7 may be used to detect a2 mutation. In those samples,

where a mutation is not detected by such primers or probes, the entire FANCD?2 gene
may be sequenced to determine the presence and location of the mutation in the gene.
Nucleic acid screening assays for use in identifying a genetic defect in the
FANCD?2 gene locus may include PCR and non PCR based assays to detect mutations.
There are many approaches to analyzing cell genomes for the presence of mutations in a
particular allele. Alteration of a wild-type FANCD2 allele, whether, for example, by
point mutation, deletion or insertions can be detected using standard methods employing
probes. (US Patent 6,033,857). Standard methods include: (a) fluorescent in situ
hybridization (FISH) which may be used on whole intact cells.; and (b) allele specific |
oligonucleotides (ASO) may be used to detect mutations using hybridization techniques
on isolated nucleic acid (Conner et al., 1989, Hum.Genet. 85: 55-74). Other techniques
mclude (a) observing shifts in electrophoretic mobility of single-stranded DNA on non-
denaturing polyacrylamide gels, (b) hybridizing a FANCD2 gene probe to genomic
DNA isolated from the tissue sample, (¢} hybridizing an allele-specific probe to genomic
DNA of the tissue sample, (d) amplifying all or part of the FANCD2 gene from the
tissue sample to produce an amplified sequence and sequencing the amplified sequence,
(e) amplifying all or part of the FANCD2 gene from the tissue sample using primers for
a specific FANCD2 mutant allele, (f) molecular cloning all or part of the FANCD?2 gene

from the tissue sample to produce a cloned sequence and sequencing the cloned
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sequence, (g) identifying a mismatch between (i) a FANCD2 gene or a FANCD2 mRNA
isolated from the tissue sample, and (ii) 2 nucleic acid probe complementary to the
human wild-type FANCD2 gene sequence, when molecules (i) and (ii) are hybridized to
each other to form a duplex, (h) amplification of FANCDZ gene sequences in the tissue
sample and hybridization of the amplified sequences to nucleic acid probes which
comprise wild-type FANCD2 gene sequences, (I} amplification of FANCD2 gene
sequences in the tissue sample and hybridization of the amplified sequences to nucleic
acid probes which comprisé mutant FANCD?2 gene sequences, (j) screening for a
deletion mutation in the tissue sample, (k) screening for a point mutation in the tissue
sample, (1) screening for an insertion mutation in the tissue sample, and (m) in situ
hybridization of the FANCD?2 gene of ihe tissue sample with nucleic acid probes which
comprise the FANCD?2 gene.

It is often desirable to scan a relatively short region of a gene or genome for point
mutations: The large numbers of oligonucleotides needed to examine all potential sites in
the sequence can be made by efficient combinatorial methods (Southern, E. M et al.,
(1994). Nucleic Acids Res. 22:,1368-1373). Arrays may be used in conjunction with
ligase or polymerase to Jook for mutations at all sites in the target sequence.(US
6,307,039) Analysis of mutations by hybridization can }.)6 performed for example by
means of gels, arrays or dot blots.

The entire gene rnajr be sequenced to identify mutations. (US 6,033,857).
Sequencing of the FANCD?2 locus can be achieved using oligonucleotide tags from a
minimally cross hybridizing set which become attached to their complements on solid
phase supports when attached to target sequence (US 6,280,935).

Other approaches to detecting mutations in the FANCD2 gene include those
described in US 6,297,010, US 6,287,772 and US 6,300,076). It is further contemplated
that the assays may employ nucleic acid microchip technology or analysis of multiple
samples using laboratories on chips.

A subject who has developed a tumor maybe screened using nucleic acid
diagnostic tests or antibody based tests to detect a FANCD2 gene mutation or a
deficiency in FANCD2-L protein. On the basis of such screening samples may be
obtained from subjects having a wide range of cancers including melanoma, leukemia,
astocytoma, glioblastoma, lymphoma, glioma, Hodgkins lymphoma, chronic lymphocyte
leukemia and cancer of the pancreas, breast, thyroid, ovary, uterus, testis, pituitary,

kidney, stomach, esophagus and rectum. The clinician has an improved ability to select
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a suitable treatment protocol for maximizing the treatment benefit for the patient. In
particular, the presence of a genetic lesion or a deficiency in FANCD2-L protein may be
correlated with responsiveness to various existing chemotherapeutic drugs and radiation
therapies.

New therapeutic treatments may be developed by screening for molecules that
modulate the monoubiquitination of FANCD2-S to give rise to FANCD2-L in cell
assays (Examples 11-12) and in knock-out mouse models (Example 10). Such molecules
may include those that bind directly to FANCD2 or to molecules such as BRACA-2 that
appears to interact with BRACA-1 which in turn appears to be activated by FANCD2.

In addition, to screening assays that rely on defects in the FANCD2 gene or
protein, an observed failure of the ubiquitination reaction that is necessary for the
formation of FANCD2-L may result from a defect in the FA pathway at any point
preceding the post translational modification of FANCD2 including FANCD2-S itself.
Knowing the terminal step in the reactions, enables a screening assay to be formulated in
which small molecules are screened in cells containing “broken FA pathway” or in vitro
until a molecule is found to repair the broken pathway. This molecule can then be
utilized as a probe to identify the nature of the defect. It may further be used as a
therapeutic agent to repair the defect. For example, we have shown that cell cycle arrest
and reduced proliferation of FA cells can be partially corrected by overexpression of a
protein, SPHAR, a member of the cyclin family of proteins This can form the basis of an
assay which is suitable as a screen for identifying therapeutic small molecules.

Cells which are deficient in the posttranslational modified FANCD?2 are
particularly sensitive to DNA damage. These cells may serve as a sensitive screen for
determining whether a compound (including toxic molecules) has the capability for
damaging DNA.. Conversely, these cells also serve as a sensitive screen for determining
whether a compound can protect cells against DNA damage.

FA patients and patients suffering from syndromes associated with DNA repair
defects die from complications of bone marrow failure. Gene transfer is a therapeatic
option to correct the defect. Multiple defects may occur throughout the FA pathway.
‘We have shown that the terminal step is critical to proper functioning of the cell and the
organism. In an embodiment of the invention, correction of defects anywhere in the FA
pathway may be satisfactorily achieved by gene therapy or by therapeutic agents that
target- the transformation of FANCD2-S to FANCD2-L so that this transformation is

successfully achieved.
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Gene therapy may be carried out according to generally accepted methods, for
example, as described by Friedman in “Therapy for Genetic Disease,” T. Friedman, ed.,
Oxford University Press (1991), pp. 105-121. Targeted tissues for ex vive or in vive
gene therapy include bone marrow for example, hematopoietic stem cells prior io onset
of anemia and fetal tissues involved in developmental abnormalities. Gene therapy can
provide wild-type FAND2-L function to cells which carry mutant FANCD?2 alleles.
Supplying such a function should suppress neoplastic growth of the recipient cells-or
ameliorate the symptoms of Fanconi Anemia.

The wild-type FANCD-2 gene or a part of the gene may be introduced into the
cell in a vector such that the gene remains extrachromosomal. In such a situation, the
gene may be expressed by the cell from the extrachromosomal location. If a gene portion
1$ introduced and expressed in a cell carrying a mutant FANCD-2 ailele, the gene portion
may encode a part of the FANCD-2 protein which is required for non-neoplastic growth
of the cell. Alternatively, the wild-type FANCD-2 gene or a part thereof may be
introduced into the mutant cell in such a way that it recombines with the endogenous
mutant FANCD-2 gene present in the cell.

Viral vectors are one class of vectors for achieving gene therapy. Viral-mediated
gene transfer can be combined with direct in vivo gene transfer using liposome delivery,
allowing one to direct the viral vectors to the tumor cells and not into the surrounding
nondividing cells. Alternatively, a viral vector producer cell line can be injected into
tumors (Culver et al., 1992). Injection of producer cells would then provide a continuous
source of vector particles. This technique has been approved for use in humans with
inoperable brain tumors.

The vector may be injected into the patient, either locally at the site of the tumor
or systemically (in order to reach any tumor cells that may have metastasized to other
sites). If the transfected gene is not permanently incorporated into the genome of each of
the targeted tumor cells, the treatment may have to be repeated periodically.

Vectors for introduction of genes both for recombination and for
extrachromosomal maintenance are known in the art, (for example as disclosed in US
5,252,479 and PCT 93/07282, and US 6,303,379) and include viral vectors such as
retroviruses, herpes viruses (US 6,287,557) or adenoviruses (US 6,281,010) or a plasmid
vector containing the FANCD2 L.

A vector carrying the therapeutic gene sequence or the DNA encoding the gene

or piece of the gene may be injected into the patient either locally at the site of a tumor
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or systemically so as to reach metastasized tumor cells. Targeting may be achieved
without further manipulation of the vector or the vector may be coupled to a molecule
having a specificity of binding for a tumor where such molecule may be a receptor
agonist or antagonist and may further include a peptide, lipid (including liposomes) or
saccharide including an oligopolysaccharide or polysaccharide) as well as synthetic
targeting molecules. The DNA may be conjugated via polylysine to a binding ligand. If
the transfected gene is not permanently incorporated into the genome of each of the
targeted tumor cells, the treatment may have to be repeated periodically.

Methods for introducing DNA into cells prior to introduction into the patient may
be accomplished using techniques such as electroporation, calcium phosphate co-
precipitation and viral transduction as descn’bedAin the art (US 6,033,857), and the choice
of method is within the competence of the routine experimenter

Celis transformed with the wild-type FANCD 2 gene or mutant FANCD 2 gene
can be used as model systems to study remission of diseases resulting from defective
DNA repair and drug treatments which promote such remission.

As generally discussed above, the FANCD 2 gene or fragment, where applicable,
may be employed in gene therapy methods in order to increase the amount of the
expression products of such genes in abnormal cells. Such gene therapy is particularly
appropriate for use in pre-cancerous cells, where the level of FANCD 2-L polypeptide
may be absent or diminished compared to normal cells and where enhancing the levels
of FANCD2-L. may slow the accumulation of defects arising from defective DNA repair
and hence postpone initiation of a cancer state. It may also be useful to increase the
level of expression of the FANCD 2 gene even in those cells in which the mutant gene is
expressed at a "normal” level, but there is a reduced level of the FANCD 2-L isoform.
The critical role of FANCD2-L in normal DNA repair provides an opportunity for
developing therapeutic agents to correct a defect that causes a reduction in levels of
FANCD2-L. One approach to developing novel therapeutic agents is through rational
drug design. Rational drug design can provide structural analogs of biologically active
polypeptides of interest or of small molecules with which they interact (e.g., agonists,
antagonists, inhibitors or enhancers) in order to fashion more active or stable forms of
the polypeptide, or to design small molecules which enhance or interfere with the
function of a polypeptide in vivo. Hodgson, 1991. Rational drug design may provide
small molecules or modified polypeptides which have improved FANCD?2-L activity or

stability or which act as enhancers, inhibitors, agonists or antagonists of FANCD2-L
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activity. By virtue of the availability of cloned FANCD2 sequences, sufficient amounts
of the FANCDZ2-L polypeptide may be made available to perform such analytical studies
as x-ray crystallography. In addition, the knowledge of the FANCD2-L protein
sequence provided herein will guide those employing computer modeling techniques in
place of, or in addition to x-ray crystallography.

Peptides or other molecules which have FANCD2-L activity can be supplied to
cells which are deficient in the protein in a therapeutic formulation. The sequence of the
FANCD2-L protein is disclosed for several organisms (human, fly and plant) (SEQ ID
NO: 1-3). FANCD?2 could be produced by expression of the cDNA sequence in bacteria,
for example, using known expression vectors with additional posttranslational
modifications. Alternatively, FANCD2-L polypeptide can be extracted from FANCD2-
L —producing mammalian cells. In addition, the techniques of synthetic chemistry can
be employed to synthesize FANCD2-L protein. Other molecules with FANCD2-L
activity (for example, peptides, drugs or organic compounds) may also be used as a
therapeutic agent. Modified polypeptides having substantially similar function are also
used for peptide therapy.

Similarly, cells and animals which carry a mutant FANCD? allele or make
insufficient levels of FANCD2-L can be used as model systems to study and test for
substances which have potential as therapeutic agents. The cells which may be either
somatic or germline can be isolated from individuals with reduced levels of FANCD2-1.,
Alternatively, the cell line can be engineered to have a reduced levels of FANCD2-L, as
described above. After a test substance is applied to the cells, the DNA repair impaired
transformed phenotype of the cell is determined.

The efficacy of novel candidate therapeutic molecules can be tested in
experimental animals for efficacy and lack of toxicity. Using standard techniques,
animals can be selected after mutagenesis of whole animals or after genetic engineering
of germline cells or zygoles to form transgenic animals. Such treatments include
insertion of mutant FANCD? alleles, usually from a second animal species, as well as
insertion of disrupted homologous genes. Alternatively, the endogenous FANCD?2 gene
of the animals may be disrupted by insertion or deletion mutation or other genetic
alterations using conventional techniques (Capecchi, 1989 Science Vol. 244, pp 1288-
1292; Valancius and Smithies, 1991). After test substances have been administered to

the animals, the growth of tumors must be assessed. If the test substance prevents or
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suppresses pathologies arising from defective DNA repair, then the test substance is a
candidate therapeutic agent for the treatment of the diseases identified herein.

The present inventton is described by reference to the following Examples, which
are offered by way of illustration and are not intended to limit the invention in any
manner. Standard techniques well known in the art or the techniques specifically
described below were utilized.

All references cited herein are incorporated by reference.

EXAMPLES

Example 1: Experimental protocols used in Examples 2-8

Cell Lines and Culture Conditions. Epstein-Barr virus (EBV) transformed
lymphoblasts were maintained in RPMI media supplemented with 15% heat-inactivated
fetal calf serum (FCS) and grown in a humidified 5% CO2-containing atmosphere at
37°C. A control lymphoblast line (PD7) and FA lymphoblast lines (FA-A (HSC72), FA-
C (PD-4), FA-D (PD-20), FA-F (EUFA121), and FA-G (EUFA316)) have been
previously described (de Winter et al., 1998, Nat.Genet. 20: 281-283) (Whitney et al.,
1995, Nat.Genet. 11: 341-343) (Yamashita et al., 1994, PN.AS, 91: 6712-6716) (de
Winter et al., 2000, Am.J. Hum.Genet. 67: 1306-1308). PD8I is a lymphoblast cell line
from an FA-A patient. The SV40-transformed FA fibroblasts, GM6914, PD426,
FAG326SV and PD20F, as well as Hela cells, were grown in DMEM supplemented with
15% FCS. FA cells (both lymphoblasts and fibroblasts) were functionally complemented
with pMMP retroviral vectors containing the corresponding FANC cDNAs, and
functional complementation was confirmed by the MMC assay (Garcia-Higuera et al.,
1999, Mol.Cell.Biol. 19: 4866—4873) (Kuang et al., 2000, Blood 96: 1625-1632).

Cell Cycle Synchronization. Hela cells, GM6914 cells, and GM6914 cells
corrected with the pMMP-FANCA retrovirus were synchronized by the double
thymidine block method as previously described, with minor modifications (Kupfer et
al., 1997, Blood 90: 1047-1054). Brefly, cells were treated with 2ZmM thymidine for 18
hours, thymidine-free media for 10 hours, and additional 2mM thymidine for 18 hours to
arrest the cell cycle at the G1/S boundary. Cells were washed iwice with PBS and then
released in DMEM +15% FCS and analyzed at various time intervals.

Alternatively, HeLa cells were treated with 0.5 mM mimosine (Sigma) for 24
hours for synchronization in late G1 phase (Krude, 1999), washed twice with PBS, and
released into DMEM +15% FCS. For synchronization in M phase, a nocodazole block
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was used (Ruffner et al., 1999, Mol.Cell.Biol. 19: 4843-4854). Cells were treated with
0.1 pg/inl nocodazole (Sigma) for 15 hours, and the non-adherent cells were washed
twice with PBS and replated in DMEM +15%.

Cell Cycle Analysis. 'Trypsinized cells were resuspended in 0.5ml of PBS and
fixed by adding 5ml of ice-cold ethanol. Cells were next washed twice with PBS with
1% bovine serum albumin fractionV (1%BSA/PBS) (Sigma), and resuspended in 0.24
ml of 1%BSA/PBS. After adding 30 p of 500 pg/ml propidium iodide (Sigma) in 38
mM sodium citrate (pH7.0) and 30 pl of 10mg/ml DNase free RNaseA (Sigma), samples
were incubated at 37°C for 30 min. DNA content was measured by FACScan (Beckton
Dickinson), and data were analyzed by the CellQuest and Modfit LT program (Becton
Dickinson).

Generation of an anti-FANCDZ antiserum. A rabbit polyclonal antiserum
against FANCD2 was generated using a GST-FANCD2 (N-terminal) fusion protein as
an antigen source. A 5” fragment was amplified by polymerase chain reaction (PCR)
from the full length FANCD2 cDNA with the primers (SEQ ID NO: 95) DF4EcoRI (5°
AGCCTCgaattcGTITCCAAAAGAAGACTGTCA-3’) and (SEQ ID NO: 96) DR816Xh
(5'- GGTATCctcgagTCAAGACGACAACTTATCCATCA-3"). The resulting PCR
product of 841 bp, encoding the amino-terrninal 272 amino acids of the FANCD2
polypeptide was digested with EcoRI/Xhol and subcloned into the EcoRE/Xhol sites of
the plasmid pGEX4T-1 (Pharmacia). A GST-FANCD?2 (N-terminal) fusion protein of
the expected size (54 kD) was expressed in E. coli strain DH5Y, purified over
glutathione-S-sepharose, and used to immunize a New Zealand White rabbit. An
FANCD2-specific immune antiserum was affinity-purified by passage over an
AminoLink Plus column (Pierce) loaded with GST pfotein and by passage over an
AminoLink Plus column loaded with the GST-FANCD2 (N-terminal) fusion protein.

Generation of anti-FANCD2 MoAbs. Two anti-FANCD2 monoclonal antibodies
were generated as follows. Balb/c mice were immunized with a GST-FANCD?2 (N-
terminal) fusion protein, which was the same fusion protein used for the generation of
the rabbit polyclonal antiserum (E35) against FANCD2. Animals were boosted with
immunogen for the four days before fusion, splenocytes were harvested, and
hybridization with myeloma cells was performed. Hybridoma supernatants were
collected and assayed using standard ELISA assay as the initial screen and immunoblot

analysis of FANCD?2 as the secondary screen. Two anti-human FANCD2 monoclonal
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antibodies (MoAbs) (FI17 and FI14) were selected for further study. Hybridoma
supernatants from the two positive cell lines were clarified by centrifugation.
Supernatants were used as MoAbs for western blotting. MoAbs were purified using an
affinity column for IgG. MoAbs were stored as 0.5 mg/ml stocks in phosphate buffered
saline (PBS). Anti-HA antibody (HHA.11) was from Babco.

Immunoblotting. Cells were lysed with 1X sample buffer (50 mM Tris-HCl
pH6.8, 86mM Z—mercaptoethanol, 2% sodium dodecyl sulfate (SDS), boiled for 5 min,
and subjected to 7.5% polyacrylamide SDS gel electrophoresis. After electrophoresis,
proteins were transferred to nitrocellulose using a submerged transfer apparatus
(BioRad) filled with 25 mM Tris base, 200 mM glycine, 20% methanol. After blocking
with 5% non-fat dried milk in TBS-T (50mM Tris-HC], pH 8.0, 150mM NaCl, 0.1%
Tween 20) the membrane was incubated with the primary'antibody diluted in TBS—T‘
(1:1000 dilution for the affinity-purified anti-FANCD?2 polyclonal antibody (E35) or
anti-HA (HA.11), 1:200 dilution for the anti-FANCD2 mouse monoclonal antibody
FI17), washed extensively and incubated with the appropriate horseradish peroxidase-
linked secondary antibody {Amersham). Chemiluminescence was used for detection.

Generation of DNA Damage. Gamma irradiation was delivered using a Gamma
cell 40 apparatus. UV exposure was achieved using a Stratalinker (Stratagene) after
gently aspirating the culture medium. For Mitomycin C treatment cells were
continuously exposed to the drug for the indicated time. Hydroxyurea (Sigma) was
added to a final concentration of 1 mM for 24 hours.

Detection of Monoubiquitinated FANCDZ, Hel.a cells (or the FA-G fibroblasts,
FAG326SV) were transfected using FuGENES (Roche), following the manufacturer’s
protocol. Hela cells were plated onto 15 cm tissue culture dishes and were transfected
with 15 pg of a HA-tagged ubiquitin expression vector (pMT 123) (Treier et al., 1994,
Cell 78: 787-798) per dish. Twelve hours following transfection, cells were treated with
the indicated concentration of MMC (0,10,40,160ng/ml} or the indicated dose of IR
(0,5,10,10,20Gy). After 24 hour-incubation with MMC, or two hours after IR treatment,
whole cell extracts were prepared in Lysis Buffer (50 mM TrisHCI pH 7.4, 150 mM
NaCl, 1% (v/v) Triton X-100) supplemented with protease inhibitors (1 pg/m! leupeptin
and pepstatin, 2 pg/ml aprotinin, 1 mM phenylmethylsulfonyifluoride) and phosphatase
inhibitors {1 mM sodium orthovanadate, 10 M sodium fluoride). Using the polyclonal
antibody to FANCD?2 (E35), immunoprecipitation (IP) was performed essentially as

described (Kupfer et al., 1997) except that each IP was normalized to contain 4mg of
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protein. As a negative control, preimmune serum from the same rabbit was vsed in IP
reaction. Immunoblotting was done using anti-HA (HA.11), or anti-FANCD?2 (FI17)
monoclonal antibody.

Ubiquitin Aldehyde Treatment, Hela cells were treated with 1mM hydroxyurea
for 24 hours, and whole cell extracts were prepared in Lysis Buffer supplemented with
protease inhibitors and phosphatase inhibitors. 200ug of cell lysate in 67ul of reaction
with 6.7ul of 25uM ubiquitin aldehyde (BostonBiochem) in DMSO or with 6.7u] of
DMSO were incubated at 30°C or at 37°C for the indicated periods. Sixty-seven
microliters of 2X sample buffer was added to each sample, and the samples were boiled
for 5 min, separated by 7.5% SDS-PAGE, and immunoblotted for FANCD2 using the
FI17 monoclonal anti-human FANCD?2 antibody.

Immunofiuorescence Microscopy. Cells were fixed with 2% paraformaldehyde
in PBS for 20 min., followed by permeabilization with 0.3% Triton-X-100 in PBS (10
min). After blocking in 10% goat serum, 0.1% NP-40 in PBS (blocking buffer), specific
antibodies were added at the appropriate dilution in blocking buffer and incubated for 2-
4 hours at room temperature. FANCD2 was detected using the affinity-purified E35
polyclonal antibody (1/100). For BRCAI detection, we used a commercial monoclonal
antibody (D-9, Santa Cruz) at 2 pg/mil. Cells were subsequently washed three times in
PBS +0.1% NP-40 (10-15 min each wash) and species-specific fluorescein or Texas
red-conjugated secondary antibodies (Jackson Immunoresearch) were diluted in blocking
buffer (anti-monse 1/200, anti-rabbit 1/1000) and added. After 1 hour at room
temperature three more 10-15 min washes were applied and the slides were mounted in
Vectashield (Vector laboratories). Irnages were captured on a Nikon microscope and
processed using Adobe Photoshop software. ' |

Meiotic Chromosome Staining. Surface spreads of pachytene and diplotene
spermatocytes from male mice between the ages of 16 and 28 days old were prepared as
described by (Peters et al., 1997). A polyclonal goat antibody to the mouse SCP3
protein was used to visualize axial elements and synaptonemal complexes in the meiotic
preparations. The M118 mouse monoclonal antibody against mouse BRCA1 was
generated by standard techniques, by immunizing mice with murine BRCA1 protein.
The affinity-purified E35 rabbit polyclonal antibody was used in 1:200 dilution to detect
FANCD. Antibody incubation and detection procedures were a modification of the
protocol of (Moens et al., 1987, L.Cell.Biol. 105: 93-103) as described by (Keegan et al.,
1996, Genes Dev. 10: 2423-2437). Combinations of donkey-anti mouse IgG-FITC-
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congugated, Donkey-anti rabbit IgG-TRITC-congugated, and Donkey-anti goat IgG-
Cy5-congugated secondary antibodies were used for detection (Jackson
ImmunoResearch Laboratories). All preparations were counterstained with 47, 6°
diamino-2-phenylindole (DAPI, Sigma) and mounted in a DABCO (Sigma) antifade
solution. The preparations were examined on a Nikon E1000 microscope (60X CFI Plan
Apochromat and 100X CFI Plan Fluor oil-immersion objectives). Each fluorochrome
(FITC, TRITC, Cy5 and DAPI) image was captured separately as an 800 x 1000 pixel
12-bit source image via IPLab software (Scanalytics) controlling a cooled-CCD camera
(Princeton Instruments MicroMax) and the separate 12 bit grey scale images were
resampled, 24-bit pseudocolored and merged using Adobe Photoshop.

Example 2: The FA genes interact in a common cellular pathway.

Normal lymphoblasts express two isoforms of the FANCD2 protein, a short form
(FANCD2-S, 155 kD) and a long form (FANCD2-L, 162 kD). Figure 1 shows what
happened when whole cell extracts were prepared from a lymphoblast line and cellular
profeins were immunoprecipitated with an anti-FANCD?2 antiserum. Normal wild type
cells expressed two isoforms of the FANCD2 protein - a low molecular weight isoform
FANCD2-S (155 kD isoform) and a high molecular weight isoform (FANCD2-L)
(162kD isoform). FANCD2-S is the primary translation product of the cloned FANCD2
cDNA. We next evaluated a Iargé series of FA lymphoblasts and fibroblasts for
expression of the FANCD?2 isoforms (Table 5). Correction of these FA cell lines with -
the corresponding FA cDNA resulted in functional complementation and restoration of
the high molecular weight isoform, FANCD2-L.

As previously described, FA cells are sensitive to the DNA crOSSlinldng agent,
MMC, and in some cases, to ionizing radiation (JR). Interestingly, FA cells from
multiple complementation groups (A, C, G, and F) only expressed the FANCD2-S
isoform (Figure 1A, lanes 3,7, 9, 11). FA cells from complementation groups B and E
also express only the FANCD2-S. Functional correction of the MMC and IR sensitivity
of these FA cells with the corresponding FANC ¢DNA restored the FA protein complex
{Garcia-Higuera et al., 1999} and restored the high molecular weight isoform (FANCD2-
L) (Figure 1A, lanes 4,8,10,12). Taken together, these results demonstrate that the FA
protein complex, containing FANCA, FANCC, FANCF, and FANCG, directly or
indirectly regulates the expression of the two isoforms of FANCD2. The six cloned FA

genes therefore appear to interact in a common pathway.
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Example 3: The FA protein complex is required for the monoubiquitination of
FANCD2

The high molecular weight isoform of FANCD2 could result from one or more

mechanisms, including altemative splicing of the FANCD2 mRNA or post-translational
modification(s) of the FANCD?2 protein. Treatment with phosphatase did not convert
FANCD2-L to FANCD2-S, demonstrating that phosphorylation alone does not account
for the observed difference in their molecular mass.

- In order to identify other possible post-translational modifications of FANCD2,
we initially sought cellular conditions which regulate the conversion of FANCD2-S to
FANCD2-L (Figure 1 B, C). Since FA cells are sensitive to MMC and IR, we reasoned
that these agents might reguiate the conversion of FANCD2-S to FANCD2-L in normal
cells. Interestingly, Hel.a cells treated with MMC (Figure 1B, lanes 1-6) or IR (Figure
1C, lanes 1-6) demonstrated a dose-dependent increase in the expression of the
FANCD?2-L isoform.

To determine whether FANCD2-L is a ubiquitinated isoform of FANCD2-S, we
transfected HeLa cells with a cDNA encoding HA-Ubiquitin (Treier et al., 1994).
Cellular exposure to MMC (Figure 1B, lanes 7-10} or IR (Figure 1C, lanes 7-10) resulted
in a dose-dependent increase in the HA-ubiquitin conjugation of FANCD2. Only the
FANCD2-L isoform, and not the FANCD2-S isoform, was immunoreactive with an anti-
HA antibody. Although FANCD2 was not ubiquinated in FA cells, FANCD2
ubiquination was restored upon functional complementation of these cells. Although
FANCD?2 was not ubiquitinated in FA cells, FANCD?2 ubiquitination was restored upon
functional complementation of these cells. Since the FANCD?2-S and FANCD2-L
1soforms differ by 7kD, the FANCD2-L. probably contains a single ubiquitin moiety (76
amino acids) covalently bound by an amide linkage to an internal lysine residue of
FANCD2.

To confirm the monoubiquitination, we isolated FANCD2-L protein from HeLa
cells and analyzed its tryptic fragments by mass spectrometry (Wu et al., 2000, Science
289, 11a). Ubiquitin tryptic fragmenté were unambiguously identified, and a site of
monoubiquitination (K561 of FANCD2) was also identified. Interestingly, this lysine
residue is conserved among FANCD?2 sequences from human, Drosophila, and C.

elegans, suggesting that the ubiquitination of this site is critical to the FA pathway in
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multiple organisms. Mutation of this lysine residue, FANCD2 (K561R), resulted in loss
of FANCD?2 monoubiquitination.

Example 4:  Formation of Nuclear Focj Containing FANCD? requires an intact FA

pathway,
‘We examined the immunofluorescence pattern of the FANCD?2 protein in

uncorrected, MMC-sensitive FA fibroblasts and functionally-complemented fibroblasts
(Figure 2). '

The corrected FA cells expressed both the FANCD2-S and FANCD2-L isoforms
(Figure 2A, lanes 2,4,6,8). The endogenous FANCD?2 protein was observed exclusively
in the nucleus of human cells, and no cytoplasmic staining was evident (Figure 2B, a-h).
The PD-20 (FA-D}) cells have decreased nuclear immunofluorescence (Figure 2B, d),
consistent with the decreased expression of FANCD?2 protein in these cells by
immunoblot (Figure 2A, lane 7). In PD-20 cells functionally-corrected with the
FANCD2 gene by chromosome transfer, the FANCID?2 protein stained in two nuclear
patterns. Most corrected cells had a diffuse nuclear pattern of staining, and a minor
fraction of cells stained for nuclear foci (see dots, panel h). Both nuclear patterns were
observed with three independently-derived anti-FANCD? antisera (1 polyclonal, 2
monoclonal antisera). FA fibroblasts from subtypes A, G, and C showed only the diffuse
pattern of FANCD?2 nuclear immunofluorescence. Functional complementation of these.
cells with the FANCA, FANCG, or FANCC ¢DNA, respectively, restored the MMC
resistance of these cells (Table 6), and restored the nuclear foci in some cells. The
presence of the high molecular weight FANCD2-L isoform therefore correlates with the
presence of FANCD?2 nuclear foci, suggesting that only the monoubiquitinated.
FANCD?2-L isoform is selectively localized to these foci.

Example 5:  The FANCD?2 protein is localized to nuclear foci during S phase of the

Cell Cycle
Since only a fraction of the asynchronous functionally-complemented cells

contained FANCD2 nuclear foct, we reasoned that these foci might assembile at discrete
times during the cell cycle. To test this hypothesis, we examined the formation of the
FANCD2-L isoform and FANCD?2 nuclear foci in synchronized cells (Figure 3). Hela
cells were synchronized at the G1/8S boundary, released into S phase, and analyzed for

formation of the FANCD2-L isoform (Figure 3A). The FANCD2-L. isoform was
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expressed specifically during late G1 phase and throughout S phase. Synchronized,
uncomplemented FA cells (FA-A fibroblasts, GM6914) expressed normal to increased
levels of FANCD2-S protein but failed to express FANCD2-L. at any time during the cell
cycle. Functional complementation of these FA-A cells by stable transfection with the
FANCA cDNA restored S phase-specific expression of FANCD2-L. The S phase-
specific expression of the FANCD2-L isoform was confirmed when Hela cells were
synchronized by other methods, such as nocodazole arrest (Figure 3B) or mimosine
exposure (Figure 3B). Cells arrested in mitosis did not express FANCD2-L, suggesting
that the FANCD2-L isoform is removed or degraded prior to cell division (Figure 3B,
mitosis). Taken together, these results demonstrate that the monoubiquitination of the
FANCD?2 protein is highly regulated during the cell cycle, and that this modification
requires an intact FA pathway.

The cell cycle dependent expression of the FANCD2-L isoform also correlated
with the formation of FANCD2 nuclear foci (Figure 3 C). Nocodazole arrested (mitotic)
cells express no FANCD2-L isoform and exhibit no FANCD?2 nuc¢lear foci (Figure 3C, 0
hour). When these synchronized cells were allowed to traverse S phase (15 to 18 hours),

an increase in FANCD?2 nuclear foci was observed.

Example 6: The FANCD?2 protein is localized to nuclear foci in response to DNA
damage. |

We examined the accumulation of the FANCD2-L isoform and FANCD?2 nuclear
foci in response to DNA damage (Figure 4). Previous studies have shown that FA cells
are sensitive to agents which cause DNA interstrand crosslinks (MMC) or double strand
breaks (IR) but are relatively resistant to ultraviolet light (UV} and monofunctional
alkylating agents. MMC activated the conversion of FANCD2-S to FANCD2-L in
asynchronous Hela cells (Figure 4A). Maximal conversion to FANCD2-L, occurred 12-
24 hours after MMC exposure, correlating with the time of maximal FANCD2 nuclear
focus formation. There was an increase in FANCD2 nuclear foci corresponding to the
increase in FANCD2Z-L. Ionizing radiation also activated a time-dependent and dose-
dependent increase in FANCD2-L in Hela cells, with a corresponding increase in
FANCD?2 foci (Figure 4B). Surprisingly, ultraviolet (UV) light activated a time-
dependent and dose-dependent conversion of FANCD?2-8 to FANCD2-L, with a
corresponding increase in FANCD2 foci (Figure 4C).
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We tested the effect of DNA damage on FA cells (Figure 4D). FA cells from
multiple complementation groups (A, C, and G} failed to activate the FANCD2-L
isoform and failed to activate FANCD?2 nuclear foci in response to MMC or IR
exposure. These data suggest that the cellular sensitivity of FA cells results, at feast in

part, from their failure to activate FANCD2-L and FANCD2 nuclear foci.

Example 7:  Co-localization of activated FANCD?2 and BRCA1 protein.
Like FANCD?2, the breast cancer susceptibility protein, BRCA1, is upregulated in

proliferating cells and is activated by post-translational modifications during S phase or
in response to DNA damage. BRCA has a carboxy terminus 20aminoacids which
contain a highly acidic HMG —like domain suggesting a possible mechanism for
chromatin repair The BRCA1 protein colocalizes in IR-inducible foci (IRIFs) with other
proteins implicated in DNA repair, such as RAD51 or the NBS/Mre11/RADS0 complex.
Cells with biallelic mutations in BRCA1 have a defect in DNA repair and are sensitive to
DNA damaging agents such as IR and MMC (Table 5). Taken together, these data
suggest a possible functional interaction between the FANCDZ2 and BRCA1 proteins.
BRCA foci are large (2mDa) multiprotein complexes including ATM and ATM
substrates involved in DNA repair (BRCA1) and checkpoint functions (NBS)

In order to determine whether the activated FANCD2 protein colocalizes with the
BRCALI protein, we performed double immunolabelling of Hel.a cells (Figure 5). In the
absence of ionizing radiation, approximately 30-50% of cells contained BRCA1 nuclear
foci (Figure 5A). In contrast, only rare cells traversing S phase contained FANCD?2 dots
(b,e). These nuclear foci were also immunoreactive with antisera to both BRCA1 and
FANCD?2 (c,f). Following IR exposure, there was an increase in the number of cells
containing nuclear foci and the number of foci per cell. These nuclear foci were larger
and more fluorescent than foci observed in the absence of IR. Again, these foci
contained both BRCA1 and FANCD2 protein (i, I). An interaction of FANCD2-L and
BRCAI1 was further confirmed by coimmunoprecipitation of the proteins (Figure 5B)
from exponentially growing Hela cells exposed to IR.

We examined the effect of BRCAT expression on the formation of FANCD2-L,
and nuclear foci (Figure 6). The BRCAI (-/-) cell line, HCC1937, expresses a mutant
form of the BRCA1 protein with a carboxy terminal truncation, Although these cells
expressed a Jow level of FANCD2-L (Figure 6A), IR failed to activate an increase in
FANCD?2-L levels. Also, these cells had a decreased number of IR-inducible FANCD?2
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foci (Figure 6B, panels ¢, d). Correction of these BRCAL {-/-) cells by stable
transfection with the BRCA1 cDNA restored IR-inducible FANCD2 ubiquitination and
nuclear foci (Figure 6B, panels k, 1). These data suggest that the wild-type BRCA1
protein is required as an “organizer” for IR-inducible FANCD?2 dot formation and

further suggests a functional interaction between the proteins.

Example 8:  Co-localization of FANCD?2 and BRCA1 on Meiotic Chromosomes.
The association of FANCD2 and BRCA1 in mitotic cells suggested that these

proteins might also colocalize during meiotic prophase. Previous studies have
demonstrated that the BRCA1 protein is concentrated on the unsynapsed/axial elements
of human synaptonemal complexes in zygotene and pachytene spermatocytes. To test
for a possible colocalization of FANCD2 and BRCA1 in meiotic cells, we examined
surface spreads of late pachytene and early diplotene mouse spermatocytes for the
presence of FANCD?2 and BRCA1 protein (Figure 7). We found that the rabbit
polyclonal anti-FANCD?2 antibody E35 specifically stained the unpaired axes of the X
and Y chromosomes in late pachynema (Figure 7a) and in diplonema (Figures 7d, 7e and
7g). Under the same experimental conditions, preimmune serum did not stain
synaptonemal complexes (Figures 7b and 7c¢). The M118 anti-BRCA1 antibody stained
the unpaired sex chromosomes in mouse pachytene and diplotene spermatocytes
(Figures 7f and 7h). FANCD2 Ab staining of the unsynapsed axes of the sex
chromosomes was interrupted, giving a beads-on-a-string appearance (Figure 7g). A
consecutive examination of 20 pachytene nuclei indicated that most (~65%) of these
anti-FANCD?2 foci colocalized with regions of intense anti-BRCA1 staining, further
supporting an interaction between these proteins (Figures 7g, 7h, and 7i). These resultﬁ
provide the first example of a FANC protein (activated FANCD2) which binds to

chromatin.

Example 9:  Experimental protocols for obtaining and analyzing the DNA and protein
sequence for FANCDZ,

Northern Hybridizations. Human adult and fetal muliti-tissue mRNA blots were
purchased frot Clontech (Palo Alto, CA). Blots were probed with P labeled DNA
from EST clone SGC34603. Standard hybridization and washing conditions were used.

Equal loading was confirmed by re-hybridizing the blot with an actin cDNA probe.
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Mutation Analysis. Total cellular RNA was reverse transcribed using a
commercial kit (Gibco/BRL). The 5’ end section of FANCD2 was amplified from the
resulting patient and control cDNA with a nested PCR protocol. The first round was
performed with primers (SEQ ID NO: 97) MG471 5-AATCGAAAACTACGGGCG-3’
and (SEQ ID NO: 98) MG457 5-GAGAACACATGAATGAACGC-3". The PCR
product from this round was diluted 1:50 for a subsequent round using primers (SEQ ID
NO: 99) MG492 5-GGCGACGGCTTCTCGG
AAGTAATTTAAG-3"and (SEQ ID NO: 100) MG472 5-
AGCGGCAGGAGGTTTATG-3". The PCR conditions were as follows: 94°C for 3 min,
25 cycles of 94°C for 45 sec, 50°C for 45 sec, 72°C for 3 min and Smin of 72°C at the
end. The 3’ portion of the gene was amplified as described above but with primers,
(SEQ ID NO: 101) MG474 5> TGGCGGCAGACAGAAGTG-3" and (SEQ ID NO: 102)
MGA475 5-TGGCGGCAGACAGAAGTG-3". The second round of PCR was performed
with (SEQ ID NO: 103) MG491 5~ AGAGAGCCAACCTGAGCGATG-3’ and (SEQ ID
NO: 104) MG476 5-GTGCCAGACTCTGGTGGG-3". The PCR products were gel-
purified, cloned into the pT-Adv vector (Clontech) and sequenced using internal primers.

Allele specific assays: Allele specific assays were performned in the PD20 family
and 290 control samples (=580 chromosomes). The PD20 family is of mixed Northern
European descent and VU008 is a Dutch family. Control DNA samples were from
unrelated individuals in CEPH families (n=95), samples from unrelated North American
families with either ectodermal dysplasia (n=95) or Fanconi Anemia (n=94). The
matemal nt376a—>g mutation in the PD 20 family created a novel Mspl restriction site.
For genomic DNA, the assay involved amplifying genomic DNA using the primers
(SEQ ID NO: 105) MG792 5- AGGA GACACCCTTC CTATCC-3 located in exon 4
and (SEQ ID NO: 106) MG803 5~ GAAG TTGGCAAAACAGACTG-3’ which is in
intron 5. The size of the PCR product was 340 bp, yielding two fragments of 283 bp and
57 bp upon Mspl digestion if the mutation was present. For analysis of the reverted
¢DNA clones, PCR was performed using primers (SEQ ID NO: 107) MG924 5°-
TGTCTTGTGAGCGTCTGCAGG-3’ and {(SEQ ID NO: 108) MG753 5-AGGTT
TTGATAATGGCAGGC-3". The paternal exon 37 mutation (R1236H ) in PD20 and
exonl2 missense mutation (R302W) in VUG0S were tested by allele specific
oligonucleotide (ASO) hybridization (Wu, et al., 1989, DNA 8: 135-142). For the exon
12 assay, genomic DNA was amplified with primers (SEQ 1D NO: 109) MG979 5--
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ACTGGACTGTGCCTACCCACTATG-3’ and (SEQ ID NO: 110) MG984 5
CCTGTGTGAGGATGAGCTCT-3". Primers (SEQ ID NO: 171) MG818 5-
AGAGGTAGGGAAGGAAGCTAC-3"and (SEQ ID NO: 172) MG813 5> CCAAAGT
CCACTTCTTGAAG-3’ were used for exon 37. Wild-type (SEQ ID NO: 111) (5~
TTCTCCCGAAGCTCAG-3’ for R302W and (SEQ ID NO: 112) 5>~ TTTCTTCC
GTGTGATGA-3’ for R1236H) and mutant SEQ ID NO: 111 (5-
TTCTCCCAAAGCTGAG-3"R302W and SEQ ID NO: 112 5-
TTTCTTCCATGTGATGA-3for R1236H) oligonucleotides were end-labeled with v*2P-
[ATP] and hybridized to dot-blotted target PCR products as previously ss novel Ddel
site. The wild-type PCR product digests into a 117 and 71bp product, whereas the
mutant allele yiclds three fragments of 56, 61 and 71bps in length. PCR in all of the
above assays was petformed with 50 ng of genomic DNA for 37 cycles of 94°C for 25
sec, 50°C for 25 sec and 72°C for 35 sec.

Generation of an anti-FANCD?2 antiserum: A rabbit polyclonal antiserum against
FANCD?2 was generated using a GST-FANCD2 (N-terminal) fusion protein as an
antigen source. A 5’ fragment was amplified by polymerase chain reaction (PCR) from
the full length FANCD2 cDNA with the primers (SEQ ID NO: 113) DF4EcoRI (5’
AGCCTCgaattcGTTTCC AAAAGAAGACTGTCA-3’) and (SEQ ID NO: 114)
DR816Xh (5'- GGTATCetcgagTCAAGA CGACAACTTATCCATCA-3%). The
resulting PCR product of 841 bp, encoding the amino-terminal 272 amino acids of the
FANCD?2 polypeptide was digested with‘EcoRIIXhoI and subcloned into the
EcoRI/Xhol sites of the plasmid pGEX4T-1 (Pharmacia). A GST-FANCD2 (N-
terminal) fusion protein of the expected size (54 kD) was expressed in E. coli strain
DH50, puriﬁed over glutathione-S-sepharose, and used to immunize a New Zealand
White rabbit. An FANCD2-specific immune antiserum was affinity-purified over an
AminoLink Plus column (Pierce) loaded with GST protein and over an AminoLink Plus
column loaded with the GST-FANCD?2 (N-terminal) fosion protein.

Immunoblotting As in Example 1.

Cell Lines and Transfections: PD20i is an immortalized and PIY733 a primary
FA fibroblast cell line generated by the Oregon Health Sciences Fanconi Anemia cell
repository {Jakobs, et al., 1996, Somet.Cell. Mol .Genet. 22: 151-157). PD20
lymphoblasts were derived from bone marrow samples. YUQOR is a lymphoblast and
VU423 a fibroblast line generated by the European Fanconi Anemia Registry (EUFAR).
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VU423t was an immortalized line derived by transfection with SV40 T-antigen (Jakobs,
et al., 1996) and telomerase (Bodnar, et af., 1998, Science 279: 349-352). The other FA
cell lines have been previously described. Human fibroblasts were cultured in MEM and
20% fetal calf serum. Transformed lymphoblasts were cultured in RPMJ 1640
supplemented with 15% heat-inactivated fetal calf serum.

To generate FANCD?2 expression constructs, the full-length cDNA was
assembled from cloned RT-PCR products in pBluescript and the absence of PCR
induced mutations was confirmed by sequencing. The expression vectors pIRES-Neo,
pEGFP-N1, pRevIRE and pRevTet-off were from ClonTech (Palo Alto, CA). The
FANCD2 was inserted into the appropriate multi-cloning site of these vectors.
Expression constructs were electroporated into cell line PD20 and a normal control
fibroblast cell line, GM639 using standard cohditions (van den Hoff, et al., 19925. |
Neomycin selection was carried out with 400 pg/ml active G418 (Gibco).

Whole cell fusions: For the whole cell fusion experiments, a PD20 cell line
(PD20i) resistant to hygromycin B and deleted for the HPRT locus was used (Jakobs, et
al., 1997, Somat. Cell. Mol. Genet. Vol. 23, pp. 1-7). Controls included PD 24 (primary
fibroblasts from affected sibling of PD20) and PD 319i (Jakobs, et al., 1997) (immortal
fibroblasts from a non-A, C, D or G FA patient). 2.5 x 10° cells from each cell line were
mixed in a T25 flask and allowed to recover for 24 hours. The cells were washed with
serum-free medium and then fused with 50% PEG for 1 min. After removal of the PEG,
the cells were washed 3x with serum-free medium and allowed to recover overnight in -
complete medium without selection. The next day, cells were split 1:10 into selective
medium containing 400 pg/mi hygromycin B (Roche Molecular) and 1X HAT. After
the selection was complete, hybrids were passaged once and then analyzed as described
below.

Retroviral Transduction of FA-D2 cells and complementation analysis: The full
length FANCD2 cDNA was subcloned into the vector, pMMP-puro (Pulsipher, et al.,
1998). Retroviral supernatants were used to transduce PD20¥F, and puromyecin resistant
cells were selected. Cells were analyzed for MMC sensitivity by the crystal violet assay
(Naf, et al., 1998).

Chromosome Breakage Analysis: Chromosome breakage analysis was performed
by the Cytogenetics Core Lab at OHSU (Portland, OR). For the analysis (Cohen, et al.,
1982} cells were plated into T»s flasks, allowed to recover and then treated with 300

ng/ml of DEB for two days. After treatment, the cells were exposed to colcemid for 3
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hours and harvested using 0.075 M KCl and 3:1 methanol:acetic acid. Slides were
stained with Wright’s stain and 50-100 metaphases were scored for radials.
Example 10: Mouse models for FA for use in screening potential therapeutic

agents,
Murine models of FANCD?2 can be made using homologous recombination in

embryonic stem cells or targeted disruption as described in D’ Andrea et al. (1997) 90:
1725-17736, and Yahg et al. (2001) Blood 98; 1-6. The knockout of FANCD2 locus in
mice is not a lethal mutation. These knock-out animals have increased susceptibility to
cancer and furthermoze display other symptoms characteﬁstic of FA. It is expected that
administering certain therapeutic agents to the knock-out mice will reduce their
sﬁsccptibﬂity to cancer. Moreover, it is expected that certain cstabiished
chemotherapeutic agents will be identified that are more effective for treating knock-out
mice who have developed cancers as a result of the particular genetic defect and ﬂﬁs will
also be useful in treating human subjects with susceptibility to cancer or who have
developed cancers as a result of a mutation in the FANCD2 locus.

We can generate experimental mice models with targeted disruptions of
FANCD?2 using for example the approach described by Chen et al (1996) Nat. Genet.
Vol. 12, pp. 448-451, for Fancc who created a disruption in an exon of the gene, and by
Whitney et al (1996) Vol. 88, pp. 49-58, who used homologous recombination to create
a disruption of an exon of the gene. In both animal models, spontaneous chromosome
breakage and an increase in chromosome breaks in splenic lymphocytes in response to -
bifunctional alkylating agents are observed. In both models, Fancd2-/- mice have germ
cell defects and decreased fertility. The Fancd2 murine knockout model is nseful in
examining (1) the role of the Fancd2 gene in the physiologic response of hematopoietic

cells to DNA damage, (2) the in vivo effects of inhibitory cvtokines on FA marrow cells.
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129/Sv and C57BL can be generated following standard protocols. Mouse tail genomic
DMA can be prepared as previously described and uséd as a template for polymerase
chain reaction (PCR) genotyping. _

Splenocytes can be prepared from 6-week-old mice of known Fancd2 genotype.
The spleen is dissected, crushed in RPMI medium into a single-cell suspension, and
filtered through a 70 um filter. Red cells are lysed in hypotonic ammonium chlotide.
The remaining splenic lymphocytes are washed in phosphate-buffered saline and
resuspended in RPMI/10% fetal bovine serum plus phytohemagglutinin. Cells are tested
for viability by the trypan blue exclusion assay. Cells are cultured for 24 hours ip media
and exposed to MMC or DEB for an additional 48 hours. Alternatively, cells are
cultured for 50 hours, exposed to IR (2 or 4 Gy, as indicated), and allowed to recover for
12 hours before chromosome breakage or trypan blue exclusion (viability) analysis. |

Mononuclear cells can be isolated from the ferours and tibiae of 4- to 6-week-old
Fancd2+/- or Fancd? /- mice, as previously described. A total of 2 x 104 cells were
cultured in 1 mL of MethoCult M343 media (StemnCell Technologies, Vancouver, BC)
with or without MMC treatment. Colonies are scored at day 7, when most of the
colonies belong to the granulocyte-macrophage éolony~for'ming unit or erythroid burst-
forming unit lineages. Each number are averaged from duplicate plates, and the data
derived from 2 independent experiments.

Lymphocytes isolated from thymus, spleen, and peripheral }ymph nodes are
stained for T- or B-lymphocyte surface molecules with fluorescein isothiocyanate-
conjugated anti-CD3, CD4, and CD19 and PE-conjugated anti-CD8, CD44, CD 458,
immonuglubulin M, and B220 (BD PharMingen, CA). Stained cells were analyzed on a
Counter Epics XL flow cytometry system.

Mice ovaries and testes were isolated and fixed in 4% paraformaldehyde and
further processed by the core facility of the Department of Pathology at Massachusetts
General Hospital.

Example 11: Screening assays using antibody reagents for detecting increased cancer
susceptibility in human subjects

Blood samples or tissue samples can be taken from subjects for testing for the

relative amounts of FANCD2-S compared to FANCD2-L and the presence or absence of

FANCD2-L. Using antibody reagents specific for FANCD2-S and FANCD2-L proteins

(Example 1), positive samples can be identified on Westerm blots as shown in Figure 14.
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Other antibody assays may be utilized such as, for example, one step migration binding
banded assays described in 5,654,162 and 5,073,484. Enzyme linked immunosorbent
assays (ELISA), sandwich assays, radioimmune assays and other immunodiagnostic
assays known in the art may be used to determine relative binding concentrations of
FANCD2-S and FANCD2-L.

The feasibility of this approach is illustrated by the following:
FANCD2 Diagnostic Western Blot for Screening Human Cancer Cell Lines

Human cancer cell lines were treated with or without ionizing radiation (as
indicated in Figure 14} and total cell proteins were electrophoresed, transferred to
nitrocellulose and immunoblotted with the anti-FANCD?2 monoclonal antibody of
Example 1. Ovarian cancer cell line (TOV21G) expressed FANCD2-S but not
FANCD2-L (see lanes 9, 10). This cell line has a deletion of human chromosome 3p
overlapping the FANCD?2 gene and is hemizygous for FANCD? and is predicted to have
a mutation in the second FANCD?2 allele which therefore fails to be monoubiquinated
by the FA complex hence no FANCD2-L (lanes 9, 10). This example demonstrates that
antibody based tests are suited for determining lesions in the FANCD?2 gene which lead

to increased cancer susceptibility.

Example 12: Screening assays using pucleic acid reagents for detecting increased cancer
susceptibility in human subjects

Blood samples or tissue samples can be taken from subjects and screened using -
sequencing techniques or nucleic acid probes to determine the size and location of the
genetic lesion if any in the genome of the subject. The screening method may include
sequencing the entire gene or by using sets of probes or single probes to identify lesions.
It is expected that a single lesion may predominant in the population but that other
lesions may arise throughout the gene with low frequency as is the case for other genetic
conditions such as cystic fibrosis and the P53 tumor suppressor gene.

The feasibility of this approach is illustrated by the following:

Peripheral blood lymphocytes are isolated from the patient using standard Ficoll-
Hypaque gradients and genomic DNA is isolated from these lymphocytes, We use
genomic PCR 1o amplify 44 exons of the human FANCD?2 gene (see primer Table 7) and
sequence the two FANCD?2 alleles to identify mutations. Where such mutations are
found, we distinguish these from benign polymorphisms by their ability to ablate the

functional complementation of an FA-D2 indicator cell line.
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Subtype | Estimated percentage Responsible Chromosome Number Protein
of patients gene location of exons product
A 66% FANCA 16q24.3 43 163Kd
B 4.3% FANCB - - -
C 12.7% FANCC 9g223 14 63Kd
m rare FANCD1 - - -
D2 rare FANCD2 3p25.3 44 155, 162kD
E 12.7% FANCE 6p21.2-21.3 10 60kD
F rare FANCF 11pl5 1 42kD
G Tare FANCG 9pl3 14 68kD

(XRCC9)
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TABLE 2
Diseases of Genornic Instability
Disease Damaging Agent Neoplasm Function

FA Cross-linking agents Acute myeloblastic Unkmown

leukemia, hepatic,

gastrointestinal, and

gynecological tumors
Xp UV light Squamous cell carcinomas  Excision repair
AT Ionizing radiation Lymphoma Afferent pathway

to p53

Bloom's Alkylating agents Acute lymphoblastic Cell-cycle
Syndrome leukemia regulation
Cockayne’s UV light Basal cell carcinoma Transcription
Syndrome repair coupled
Hereditary Unknown Adenocarcinoma of DNA mismatch
non-polyposis colon, ovarian cancer repair

colon cancer (HNPCC)
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Table 3
FANCD2 Sequence Alterations
Mutations
PD20 nt376a—g S126G/splice
nt3707g—a R1236H
VU008 ni904c—t R30ZW
nt958c—t Q320X
PD733 deletion of exon 17
Polymorphisms
nt1122a—g V374V
nti440t—c H480H
nt1509¢c—t’ N503N
nt2141c—t " L714P
nt225%—c¢ D753D -
nt4098t—g ' L1366L
nt4453g—a’ JUTR
" PD20 is heterozygous;

VU008 is heterozygous.
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TABLE 4

Chromosome Breakage Analysis of Whole-cell Fusions.

Cell line/hybrids | DEB MMC | %ofCells | - Phenotype
(ng/mi) (ng/ml) with radials
PD20i 300 58 S
PD24p 300 na* S
VU423p 300 na* S
PD319i 300 52 S
PD201/VU423p 360 6 R
PD201/PD24p 300 30 S
PD201/PD3191 300 0 R
PD20i 40 48 S
VU423i 40 78 S
PD20i/VU423i 40 10 R
VU423i + chr. 3, 40 74 S
clone 1
VU423i +chr. 3, 40 68 S
clone 2
VU423i + chr. 3, 40 88 S
clone 3
PD20i + empty 0 0 2
vector
40 24 S
200 62 S
PD20i + 0 0 0
FANCD?2 vector '
40 2 R
200 10 R

Groups of experiments are separated by line spaces. S, cross-linker
sensitive; R, cross-linker resistant; i = immortal fibroblast line; p =
primary fibroblasts

* Cell viability at this concentration was too low to score for radial
formation, indicating the exquisite sensitivity of primary fibroblasts to
interstrand DNA-crosslinks.
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TABLE 5
Cell line/ plasmid FA T'A protein MMC IR/Bleomycin
Group complex sensitivity sensitivity
(1) @ 3}
Lymphoblasts | PD7 Wt + R R
HSC72 A - 5
HSC72+A A + R
PD4 C . S
PD4+C c + R
EUFA316 G - S
EUFA316+G G + R
EUFAIlZ1 F - 8 ]
EUFA121+F F + R R
PD20 b + 5 S
PD2O(R) D + R R
Fibroblasts GMO637 Wt + R R
GM6914 A - 5 5
GM694+ A A + R R
PD426 C - 5
FD426+C c + R
FAG3265V G - S
FAG3265V+G G + R
PD20OF D + 5 S
20-3-15 (+D) D + R R
NBS (-/-} NBS + 5 5
) ATM (-/-) ATM + 5 S
BRCA1 {-/-) BRCAIL + S S
1) The presence of the FA protein complex (FANCA/FANCG/FANCC) was determined as previonsly
described (Garcia-Higuera et al.,
MCB 19:4866-4873, 199%)
2)  MMC sensitivity for determined by the XTT assay for lymphoblasts or by the crystal violet assay
for fibroblasts.
2) IR/Bleomycin sensitivity was determined by analysis of chromosome breakage (See

Materials and Methods)
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Table 6. The Intron/Exon Junctions of FANCD

Exon Size SEQID 3" -Donor site Score  Intron SEQ D 3'-Acceptor site Seore  Exon
NG, NO,
1 30 9 TCG gtgagtaagtg 87 52 gtttcoogattttgotetag Gas 85 2
2 97 10 CCA gtaagtateta a3 53 gaaaatttttctattttcag Aan 83 3
3 141 11 TAG gtaatatttta 78 54 ctettcttttttetgoatag CTG 1] '3
4 68 12 AAA gtatgtatttt Bl 159 55 attttttaaatctecttaag ATa 8 5
5 104 13 CAG gtgtggagaug 1 375 56 gatrtcttbtttttttacag TAT 91 6
6 61 14 CAG gtaagackgte 89 57 cectatgtettortbtttag COT 86 7
7 53 15 RAA gtaagtggcgt 87 58 ttetettectaacattttag CAR BD 8
3 19 16 AAG gtaggcttaty 83 364 59 aatagtgtcttctactgeag GAC 85 [*]
g 125 17 CAG gtggataaacc BO 60 tctttttctaccattcacag TGA 86 io
10 a8 18 AAG gtagaaaagac 76 61 tetgtgetittaatttttag GT?P 85 11
1i 105 18 GAG gtatgctctta BO 387 62 ctaatatitacttboctgeag GTA B7 12
12 101 20 AAG ghkaaagagcte B85S 342 63 ttecctototgotacttgtag TTC 84 13
13 101 21 AMG gtgagatcttt a3 237 64 actctctecetgtttitteag GCA 92 14
14 36 22 ARG gtaatgtteat 82 £5 tgecatatttattgacastag GTQ 73 i5
15 144 23 TTA gtaagtgtcag 80 66 tetactettoccccactcaag GTT 86 16
16 135 24 CAG gtatgttgaaa 85 &7 gttgactetecectgtatag GAn 84 17
17 132 25 AAG gtatctrattg 77 68 tggcatcatttittocacag GG a9 iR
18 112 26 CAG gttagadgcaa 83 6% tettecatcatoteattgoay GAT ey 19
19 110 27 CAG gtacacgigga B2 70 aaaaaattctttgtttttag Ang 79 20
20 €1 28 CAG otgagttcttt 93 71 atbcttectecttigetcoag CTG e3 21
21 120 29 CTG gtaaagecaat 81 445 72 tgtttgtttgettectgaay GAa 85 22
22 74 30 AGG gtaggtatigt 84 300 T3 attetggtttttetceogeag TGA 88 23
23 147 31 ARR gtcagtatagt 73 T4 aatttatttctcertcteag ATT 89 24
24 101 32 TAG gtatgggatga 84 370 75 azatgtttgtictctcteag ATT a6 25
25 116 i3 GAG gtgagcagagt 88 16 atgtaatttgtactttgeag ATT 82 26
26 109 34 CAG gtaagagaagth 89 7 cagcectgotgttbgtbteag TCA B1 27
27 133 35 TAG gtaagtatgtt 20 272 18 tectotttttantataanag hna 73 28
28 110 36 AACG gtattggaatg 78 ) 79 ttgetgtgacttecccatag GAG a5 29
20 144 37 GAA gtaagtgacag 85 80 tectttocteocatgtgacay QOT 84 30
an 117 38 ARG gttagtgkagg 8s 81 taactctgeatttattatag AAC 80 31
31 129 39 CAG gtcagaagect 82 118 B2 aaaatcatttttatttttag TET 79 32
32 118 40 TTG gtaagratgto a5 83 tottaccetgacttoottay GAG 85 33
33 111 41 CAG gtgagkcataa 20 84 trrtkckbgtocteoectbtacag COA 91 34
34 131 42 TTG gtgakgggect 73 85 tttgtcttettrtektaacay CTT B9 35
25 34 43 CEG gtgagatgttt 84 286 B& atatttgactctecaatgcag TAT 78 a6
36 123 a4 CAG gtaagggaghkt 92 87 atgetttteccgtettetag GCA 88 37
37 G4 45 CAG gtgagtmagat 92 88 catatattiggctgoccecrag ATT 81 38
38 T2 a6 BAAG gtgagtatgga 93 839 cttgtottbcacctetceag GTA 93 39
39 39 47 BAG gtgagagattt B9 S0 agtgtgteteteotbcticag TAT B6 40
475 48 CGG gtaagagctaa 26 91 tatmaacttattggttatag GRA 77 41
a1 75 12 MR gtaagaagggg 91 92 togttatttatttccatbcag ATT 511 42
42 147 50 CAG gtaagccttgg 91 93 cttggtcrakttcacatttag GGT B0 43
43 2728 CCA taa + 3'UTR a4 atttattctttgecoocttag GAT 44
96 51 GAG GTATCTCTACR

44 72 GAT tag + 3'UTR
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Table 7: PCR Primers to Amplify the 44 Exons of FANCD

MGES:

2 MG746 117 B : b e e
MG747 118 CTTCAGCAACAGCGAAGTAGTCT
G
R

GATTCTCAGCACTTGAAAAGCAG

LR MG 20 R EEAGT ok %
4-5 MGS816 121 F TCATCAGGCAAGAAACTTGG 467 50

MG803 122 R GAAGTTGGCAAAACAGACTG
TUCICATET

104N
125
126

“MGTS
MGR02

& “-,_ o ! M R N Ty e 2 ,_. AL A Q -"-,"- by TA [ =¥ A e ix: =

10 MG780 129 F: TGCCCAGCTCTGTTCAAACC 222 50

MG774 130 ' R: AGGCAATGACTGACTGACAC
: 5 AT RER L

12 MG751 133 E: 432 30
MGS72 134 TCATGGTAGAGAGACT GGACTGT
GC

R ACCCT GGAGCAAATGACAACC

TSIz 50

.
F.

15 MG975 137

MGY76 138 GGGAGTGTGTGGAACAAATGAGC
R:
AGTTITCTACAGGCTGGTCCTATTIC

TMGT94 141

MG778 142 R'
3 - 7 L5 C bl g
15 MG779 145 E: CATACCTTCTTTTGCTGTGC 199 48
MG795 146 R:

CCACAGAAGTCAGAATCTCCACG

¥ GTA n
21 MG788 149 3K GAGTTTGGGAAAGA'I‘TGGCAGC 232 50
MG772 150 R TGTAGTAAAGCAGCTCTCATGC
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2425 MG736 153 F: 732 50
MG737 154 CTCCCTATGTACGTGGAGTAATAC
R: GGGAGTCTTGTGGGAACTAAG

it TOGTATCAGCGAAAG ;
2728 MGT60 157 F: AGCCATGCTTGGAATTTTGG 653 50
MG781 158 R CTCACI'GGGATGTCACAAAC

R e e AT ; A} b
30 MGB09 161 F: CATGAAATGACTAGGACATTCC 281 43
MGT97 162 R: CFACCCAGTGACCCAAACAC
z HE" A3 A R

33 MGI16 165 E: 'I'I‘GATGGTACAGACTGGAGGC 274 50
MGB10 166 R:

AAGAMGTIGCCAATCCIOTTCC

35-36 MGTET 169 F: AGCAAGAATGAGGTCAAGTTC 590 50
MGS06 170 R:
GGGAAAAACTGGAGGAAAGAACT

i 9 G135 T g9 e T AU Eer i i e e RO
: MGE3 173 F:GATGCACTGOTIGCTACATC 273 50
MGS36 174 R: CCAGGACAGG’I"ITCI‘GC ) ‘%
40 MGBZS I F TGGGCTGGATGACACTATIC | 223 50
MG870 178 R:
CCAAGGACATATCTTCTGAGCAA
C

Hioas Il RO Ee s R S AT CCOCa AR AGE AR e
42 MG763 181 F CATTCAGATI‘CACCAGGACAC 227 50
MG?S.?. 182 :
TN

TMG1006 185

3'UTR MGI005 186 TGTATTCCAGAGGTCACCCAGAG
C
R:

CCAGTAAGAAAGGCAAACAGCG
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SEQUENCE LISTING
<110> Dana-Farber Cancer Institute
<120> Methods and Compositions for the Diagnosis of Cancer
Susceptibilities and Defective DNA Repair Mechanisms
and Treatment Thereof
<130> 07023/2058 (formerl|y 2486/107 W0}

<140> PGT/USO1/45561
141> 2001-11-02

150> US 60/245, 756
151> 2000-11-03

<160> 191

<170> FastSEQ for Windows Version 4.0
2100 1

<211> 1451

<212> PRT

£213> Homo sapiens

<220>

<221> PEPTIDE

222> (1)... {1451}

<223> Human fancd2

<400> 1
Met Val Ser Lys Agg Arg Leu Ser Lys ?gr Giu Asp Lys Glu ?gr Leu

1
Thr Glu Asp géa Ser Lys Thr Arg kgs Gln Pro Leu Ser hgs Lys Thr
Lys Lys Ser His |le Ala Asn Ala Val Glu Glu Asn Asp Ser |le Phe
35 40 45
Val %gs Leu Leu Lys Ile ggr Gly [le Ile Leu kgs Thr Gly Glu Ser
Gln Asn GIn Leu Ala Yal Asp Gin Ile Ala Phe Gln Lys Lys Leu Phe
65 70 75 80
Gln Thr Leu Arg ggg His Pro Ser Tyr 550 Lys [le |le Glu géu Phe
Val Ser Gly Leu Giu Ser Tyr tle Glu Asp Giu Asp Ser Phe Arg Asn
100 105 110
Cys Leu Leu Ser Cys Glu Arg Leu Gin Asp Glu Glu Ala Ser Met Gly
115 120 125
Ala Ser Tyr Ser Lys Ser Leu lle Lys Leu Leu Leu Gly lle Asp lle
130 135 140
Leu Gln Pro Ala lle |le Lys Thr Leu Phe Glu Lys Leu Pro Glu Tyr
145 150 155 160
Phe Phe Glu Asn Arg Asn Ser Asp Glu Ile Asn lle Phe Arg Leu [le
165 170 175
Val Ser Gln Leu Lys Trp Leu Asp Arg Val Val Asp Giy Lys Asp Leu
180 185 190
Thr Thr Lys [le Met Gin Leu {le Ser lie Ala Pro Glu Asn Leu GlIn
195 200 205
His Asp |le Ile Thr Ser Lys Pro Glu lle Leu Gly Asp Ser GIn His
210 215 220
Ala Asp Val Gly Lys Glu Leu Ser Asp Leu Leu Ile Glu Asn Thr Ser
225 230 235 240
Leu Thr Val Pro |le Leu Asp Val Leu Ser Ser Leu Arg Leu Asp Pro
245 250 255
Asn Phe Leu Leu Lys Val Arg Gin Leu Val Met Asp Lys Leu Ser Ser
260 265 270
Ile Arg Leu Glu Asp Leu Pro Val lle lle Lys Phe |le Leu His Ser
275 280 285
Va! ;36 Ala Met Asp Thr Leu Giu Val lle Ser Glu Leu Arg Glu Lys
Leu Asp Leu GIn His Gys Val Leu Pro Ser Arg Leu Gin Aia Ser GIn
305 310 315 320
Val Lys Leu Lys Ser Lys Gly Arg Ala Ser Ser Ser Gly Asn Gln Glu
325 330 335

Ser Ser Gly GIn Ser Cys lle lle Leu Leu Phe Asp Val lle Lys Ser

=)
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340 345 350
Ala Ile Arg Tyr Glu Lys Thr Ile Ser Glu Ala Trp Ile Lys Ala |ie
355 360 365
Glu g%r; Thr Ala Ser Vail g% Glu His Lys Val Phe Asp Leu Val Met
Leu Phe |le |le Val Ser Thr Asn Thr GIn Thr Lys Lys Tyr lle Asp
385 390 395 400
Arg Val Leu Arg Asn Lys |le Arg Ser Gly Cys lle GIn Glu GIn Leu
405 410 415
Leu Gin Ser Thr Phe Ser Val His Tyr Leu Val Leu Lys Asp Met Cys
420 425 430
Ser Ser lle Leu Ser Leu Ala GIn Ser Leu Leu His Ser beu Asp Gin
435 440 4
Ser lle lle Ser Phe Gly Ser Leu Leu Tyr Lys Tyr Ala Phe Lys Phe
450 455 460
Phe Asp Thr Tyr Cys Gln GIn Glu Val Val Gly Ala Leu Yal Thr His
465 470 475 480
Ile Cys Ser Gly Asn Giu Ala Glu Val Asp Asp Ala Leu Asp Val Leu
485 480 495
Leu Glu Leu Val Val Leu Asn Pro Ser Ala Met Met Met Asn Ala Val
500 505 510
Phe Val GIn Giy lle Leu Asp Tyr Leu Asp Asn lle Ser Pro GIn Gln
515 520 525
Ile Arg Lys Leu Phe Tyr Val Leu Ser Thr Leu Ala Phe Ser Lys Gin
530 535 540
Asn Glu Ala Ser Ser His lle GIn Asp Asp Met His Leu Val lle Arg
545 550 555 560
Lys GIn Leu Ser Ser Thr Val Phe Lys HB Lys Leu lle Gly éjlfg Ile
Gly Ala Val ggs Met Ala Gly lie Met Ala Ala Asp Arg ggcr, Glu Ser
Pro Ser Leu Thr Gln Glu Arg Ala Asn Leu Ser Asp Giu Gln Cys Thr
595 600 605
Gin g?{l) Thr Ser Leu Leu g'lg Leu Vat His Ser Cys Ser Glu GIn Ser
Pro G/n Ala Ser Ala Leu Tyr Tyr Asp Glu Phe Afa Asn Leu lle GlIn
625 630 640
His Glu Lys Leu Asp Pro Lys Ala Leu Glu Trp Val Gly His Thr fle
645 650 655
Cys Asn Asp Phe GIn Asp Ala Phe Val Val Asp Ser Cys Val Val Pro
660 665 670
Glu Gly Asp Phe Pro Phe Pro Val Lys Ala Leu Tyr Gly Leu Glu Glu
675 680 685
Tyr Asp Thr GIn Asp Gly Ile Ala lle Asn Leu Leu Pro Leu Leu Phe
690 695 700
Ser Gin Asp Phe Ala Lys Asp Gly Gly Pro Val Thr Ser Gln Glu Ser
705 710 715 720
Gly Gly Lys Leu Val Ser Pro Leu Cys Leu Ala Pro Tyr Phe Arg Leu
725 730 735
Leu Arg Leu Cys Vai Glu Arg Gin }_Ll'g Asn Gly Asn Leu {Tiég Glu lle
Asp Gly Leu Leu Asp Cys Pro IIe Phe Leu Thr Asp %gg Glu Pro Gly
Glu Lys Leu Glu Ser Met Ser Ala Lys Glu Ala Ser Phe Met Cys Ser
770 775 780
Leu Ile Phe Leu Thr I_}Sg Asn Trp Phe Arg %g Ile Val Asn Ala Phe
Cys Gln Glu Thr Ser Pro Glu Asn Lys Gly Lys Val Leu Thr Arg Leu
805 810 815
Lys His Ile Val Glu Leu GIn lle Leu Leu Glu Lys Tyr Leu Ala Val
820 825 830
Thr Pro Asp Tyr Val Pro Pro Leu Gy Asn Phe Asp Val Glu Thr Leu
835 840 845
Asp lle Thr Pro His Thr Val Thr Ala Ile Ser Ala Lys tle Arg Lys
850 855 860
Lys Giy Lys Ile Glu Arg Lys GIn Lys Thr Asp Gly Ser Lys Thr Ser
865 870 875 880
Ser Ser Asp Thr Leu Ser Glu Glu Lys Asn Ser Glu Cys Asp Pro Thr
885 890 895
Pro Ser His Arg Gly GIn Leu Asn Lys Glu Phe Thr Gly Lys Glu Glu
900 905 910
Lys Thr S% Leu Leu Leu His 333 Ser His Ata Phe Phe Arg Glu Leu

925
Asp lle Glu Val Phe Ser |le Leu His Cys Gly Leu Val Thr Lys Phe

R—T(D
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930 935 940
lle Leu Asp Thr Glu Met His Thr Glu Ala Thr Glu Val Val Gin Leu
945 950 960

955
Gly Pro Pro Glu Leu Leu Phe Leu Leu Glu Asp Leu Ser Gin Lys Leu
965 970 975
Glu Ser Met Leu Thr Pro Pro |le Ala Arg Arg Val Pro Phe Leu Lys
980 985 990
Asn Lys Gly Ser Arg Asn |le Gly Phe Ser His Leu Gin Gin Arg Ser
9485 1000 1005
Ala Gin Glu [le Val His Cys Val Glu GIn Leu Leu Thr Pro Met Cys
1010 1015 1020
Asn His Leu Glu Asn lle His Asn Tyr Ile Gln Cys Leu Ala Ala Glu
1025 1030 1035 1040
Asn His Gly Val Val Asp Gly Pro Gly Val Lys Val GIn Glu Tyr His
104 1050 1055
lle Met Ser Ser Cys Tyr GIn Arg LgusLeu Gin lle Phe ¥6§oﬁly Leu
Phe Ala Trg Ser Gly Phe Ser Gln Pro Glu Asn GIn ?ggsLeu Leu Tyr
Ser Alg Leu His Val Leu Ser Ser Arg Leu Lys ?{Boﬁly Glu His Ser
Gln Pro Leu Glu Glu Leu Leu Ser Gln Ser Val His Tyr Leu Gin Asn
1105 1110 1115 1120
Phe His GIn Ser [le Pro Ser Phe Gin Cys Ala Leu Tyr Leu lle Arg
1125 1130 1135
Leu Leu Met Val Ile Leu Glu Lys Ser Thr Ala Ser Ala Gin Asn Lys
1140 1145 1150
Glu Lys |le Ala Ser Leu Ala Arg GIn Phe Leu Cys Arg Vai Trp Pro
1155 1160 1165
Ser Gly Asp Lys Glu Lys Ser Asn |le Ser Asn Asp Gin Leu His Ala
1170 1175 1180
Leu Leu Cys lie Tyr Leu Glu His Thr Glu Ser lle Leu Lys Ala |le
1185 1190 1195 1200
Glu Glu |le Ala GIn Val Gly Val Pro Glu Leu lle Asn Ser Pro Lys
1205 1210 1215
Asp Ala Ser Ser Ser Thr Phe Pro Thr Leu Thr Arg His Thr Pro Val
1220 1225 1230
Val Phe Phe Arg Val Met Met Ala Glu Leu Glu Lys IIe Val Lys Lys
1235 1240 124
e Glu Pro Gly Thr Ala ?ég Asp Ser GIn Gin {égOH|s Glu Glu Lys
Leu Leu Tyr Trp Asn Het Ala Val Arg Asp Phe Ser Ile Leu lle Asn
1265 127 1275 1280
Leu |le Lys Val Phe Asp Ser His Pro Val Leu His Val Cys Leu Lys
1285 1290 1295
Yal Gly Arg lLeu Phe Val Glu Ala Phe Leu Lys GIn Cys Met Pro Leu
1300 1305 1310
Leu Asp |le Ser Phe Arg Lys His Arg Glu Asp Val Leu Ser Leu Leu
1315 1320 1325
Glu Thr Phe Gln Leu Asp Thr Arg Leu Leu His His Leu Cys Gly His
1330 1335 1340
Ser Lys |le His G!n Asp Thr Arg Leu Thr GIn His Val Pro Leu Leu
1345 1350

360

1355 1
Lys Lys Thr Leu Glu Leu Leu Val Cys Arg Val Lys Ala Met Leu Thr
1365 1375

Leu Asn Asn Cys Arg Glu Ala Phe Trp Leu Giy Asn Leu Lys Asn Arg
1380 1385 1390
Asp Leu Gln Gly Glu Glu Ile LySOSer Gin Asn Ser ?ASSGIU Ser Thr
Ala Asp Glu Ser Glu Asp Asp Met Ser Ser Gin Ala Ser Lys Ser Lys
1410 1415 1420

Ala Thr Glu Asp Gly Glu Glu Asp Glu Val Ser Ala Gly Glu Lys Glu
1425 1430 1435 1440
Gln Asp Ser Asp Glu Ser Tyr Asp Asp Ser Asp

1445 1450

210> 2

<211> 1269

<212> PRT

<213> Drosophila melanogaster

220>
<221> PEPTIDE
222> (1)...(1269)

~R—3(3)
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<223> Drosophi la fancd?2

<400> 2
M?t Tyr Lys Gin Pge Lys Lys Arg Ser %ss Lys Pro Leu Asn Thr lle

15
Asp Glu Asn %éa Thr |le Lys Val ggo Arg Leu Ala Glu ggr Thr Thr
Asn |le Ser Val Glu Ser Ser Ser Gly Gly Ser Glu Glu Asn tle Pro
35 40 45
Ala Egr Gin Glu His Thr gén Arg Phe Leu Ser gén His Ser Val lle
Leu Ala Ala Thr Leu Gly Ala Thr Gly Glu Ser Ser Arg Asp lle Ala
65 10 75 80
Thr Leu Ser Arg Gln Pro Asn Asn Phe Sge Glu Leu Val Leu Vaf Arg
Ala Gly Val Gln Leu Asp Gin Gly ?Eg Ser Leu [le Leu ?{8 Gys Asp
His Val ?;g Ile Val Ser Lys Leg Ala Glu Ile Phe Thr Ser Ala Ser
Ser Tyr Thr Asp Lys Met Glu Thr Phe Lys Thr Gly Leu Asn Ala Ala
130 135 140
Met Ala Pro Gly Ser Lys Leu Val Gin Lys Leu Leu Thr Gly Gys Thr
145 150 155 160
Val Asp Ala Ala Gly Glu Gfu GIn lle Tyr Gln Ser GIn Asn Ser Met
165 170 175
Phe Met Asn Phe Leu Met |le Asp Phe Met Arg Asp Ala Cys Val Glu
180 185 190
Val Leu Leu Asn Lys lle Glu Glu Val Ata Lys Ser Asp Arg Val |le
195 200 205
Met Gly Lys Ala Ala Jle Pro Leu Pro Leu Leu Pro lLeu Met Leu Thr
210 215 220
Gin Leu Arg Tyr Leu Thr Ala Ser His Lys Yal Glu |le Tyr Ser Arg
225 230 235 240
lie Glu Val lle Phe Asn Arg Ala Thr Glu Ser Ala Lys Leu Asp lle
245 250 255
Ile Ala Asn Ala Glu Leu lle Leu Asp Ala Ser Met His Asp Glu Phe
260 265 270
Val Giu %%E Leu Asn Thr Glu Asp leu Phe His Met ;gg Thr Val GIn
Thr Leg Gly Asn Leu Ser sgg Ser Asp Arg Thr Gln Ala Lys Leu Arg
Val Arg 1le Leu Asp Phe Ala Thr Ser Gly GIn Cys Ser Asp Ala lle
310 315 320
Leu Pro His Leu Ilg Arg Leu Leu Leu Asg Val Leu Lys lle ggg Thr
Asp Asp Ser Val Arg Asp Leu Arg Arg Arg Arg lie Lys Leu Glu His
340 345 350
lle Thr Val Ser |le Leu Glu Glu |le GIn His Tyr Arg His lle Leu
355 360 365
Glu GIn His Ile Thr Thr Leu Met Asn Ile Leu His Asp Phe Met Arg
370 375 380
Glu Lys Asn Arg |le Val Ser Asp Phe Ala Lys Ser Ser Tyr Ser lle
385 390 395 400
Leu Phe Lys tle Phe Asn Ser |le GIn Lys Asn |le Leu Lys Lys Leu
405 410 415
Leu Glu Leu Thr Gys Asp Lys Ser Ser Pro His Leu Thr Thr His Ala
420 425 430
Leu Glu Leu Leu Arg Glu Leu GlIn Arg Lys Ser Ala Lys Asp Val Gin
435 440 445
Asn Cys Ala Thr Leu Leu |le Pro Met Leu Asp Arg Thr Ser Asp Leu
450 455 460
Ser Leu Thr Gln Thr Arg Val Ala Met Asp Leu Leu Cys His Val Ala
465 470 475 480
Phe Pro Asp Pro Asn Leu Ser Pro Cys Leu Gin Leu Gln Glu GIn Val
485 490 495
Asp Met Val Val Lys Lys GIn Leu Ite Asn Ser |le Asp Asn lle Lys
500 505 510
Lys GIn Gly lle {le Gly Cys Val GIn Leu lle Asp Ala Met Ala Arg
515 520 525
Iie Ala Asn Asn Gly Val Asp Arg Asp Phe Phe |le Ala Ser Val Giu
530 535 540
Asn Val Asp Ser Leu ggg Asp Gly Arg Gly %gg Met Ala Ala Asn Leu

545 560
Ife Ile Arg Thr Glu Ala Ser |le Gly Asn Ser Thr Glu Ser Leu Ala

R—$ )
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565 570 h75
Leu Phe Phe Glu Glu Leu Ala Thr Val Phe Asn Gin Arg Asn Glu Gly
580 590

585
Thr Ser Gly Cys Glu Leu Asp é(s)a GIn Phe lie Ala gag Ala Cys Asp
lLeu \é?tl) Thr Phe Arg Phe G%g Ala Ser Phe Val Th(rJ Glu Asn Val Pro
Glu Thr Lys Ala Cys Asp Ser lle Tyr Va! Leu Ala Pro Leu Phe Asn
625 630 635 640
Tyr Val Arg Val léztsl Tyr Lys His Arg Eés Gln Asp Ser Leu Glu Ser
lte Asn Afa Leu Leu Gly Cys Ala lle Val Leu Pro Ser Phe Phe Glu
660 665 670
Asp Asp Asn Tyr Val Ser Val Phe Glu Asn Phe Glu Ala Giu GIn Gln
675 680 685
Lys Asp |le Leu Ser |le Tyr Phe His Thr Val Asn Trp Met Arg Val
690 695 700
Ser lle Ser Ala Phe Ala Ser Gln Arg Asp Pro Pro Thr Arg Arg Arg
705 710 715 720
Val Leu Ser Arg Leu Giy Glu Leu Ile Arg ile Glu Gin Arg Met Lys
725 730 735
Pro Leu Leu Ala Arg Ala Pro Val Asp Phe Val Ala Pro Pro Tyr Gin
740 745 750
Phe Leu Thr Asn Val Lys Leu Ser Asn GIn Asn Gin Lys Arg Pro Gly
755 760 765
Pro Lys Pro Ala Ala Lys Leu Asn Ala Thr Leu Pro Glu Pro Asp Leu
710 175 780
Thr Gly Asn Gin Pro Ser |le Ala Asp Phe Thr lle Lys Val Gly GIn
790 795 800
Cys Lys Thr Val Lyg Thr Lys Thr Asp Phe Glu GIn Met Tyr Glg Pro
Arg Glu Arg Tyr Arg Pro Met Glu ggé GIu lle lle Met Leu leu Val
Glu Gin Lys Phe Va! Leu Asn His GIn Leu Glu Glu Glu Gln Met Gly
835 840 845
Glu Phe Leu Gly Leu Leu Glu Leu Arg Phe Leu Leu Glu Asp Val Val
850 855 860
Gin Lys Leu Glu Ala Ala Yal Leu Arg His His Asp Ser Tyr Asp Ala
865 870 875 880
Asp Ser Phe Arg ng His Leu Ala Lys ng Glu Asp Phe lle Cys Asp
Leu Leu Pro Cg(s) Leu His Glu Val S(S)n Asn His Leu lle Th(r) Leu Gly
Glu Ala 1le Asp Asn GIn Leu Thr Glu Val Ser Ser His Val Tyr Ser
915 920 925
Asn Leu Asp Leu Phe Lys Asp Gin Phe Cys Tyr [le Lys Ser Cys Phe
930 935 940
Gly Leu Cys Va! Arg Leu Phe Ala Leu Tyr Phe Ala Trp Ser Glu Trp
945 950 955 960
Ser Asp Lys Ser GlIn Glu GIn Leu Leu His Arg Ile Leu Cys Gly Thr
965 970 975
leu Leu Arg Arg Lys Trp Phe His Tyr Ser Gly Thr Leu Asp Lys Gly
980 985 990
Gly Gin Cys Asn Ile Tyr Leu Asp Glu Leu Val Lys Gly Phe Leu Lys
995 1000 1005
Lys Sel]foAsn Ala Lys Ser Gln Thr Glu Leu Leu Thr Glu Leu Yal Lys
GIn Cys Ser |le Leu Asn Thr Lys Asp Lys Ala Leu Thr Ser Phe Pro
1025 1030 1035 040
Asn Phe Lys Lys Ala Asn Phe Pro Leu Leu Phe Arg Gly Leu Gys Glu
1045 1050
Val Leu |le His Ser Leu Ser Gly Gln Val Ser Val Asp Ser Arg Gly
1060 1065 1070
Asp Lys Leu Lys Leu Trp Glu Ser Ala Val Asp Leu Leu Asn Gly Leu
1075 1080 1085
Leu Ser |le Val GIn Gin Val Glu GIn Pro Arg Asn Phe Gly Leu Phe
1090 00
120
Ser Ala Leu Glu Ser Ile Val Arg Glu Asp Pro Glu Arg Leu Thr Arg
1125 1130 1135
Phe Leu His Glu Leu GIn Lys Val Thr Arg Phe Leu His Gln Leu Cys
1140 1145 1150

Cys His Ser Lys Ser lle Lys Asn Thr Ala lle lle Ser Tyr |le Pro
R (5)

1095 11
Leu Lys His Ser Leu Leu Phe Leu Lys Leu Leu Leu G!n His Gly Met
1105 1110 1115 1
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1155 1160 1165
Ser Leu Arg Glu Thr lle Glu Thr Leu Val Phe Arg Yal Lys Ala Leu
170 1175 1180

Leu Ala Ala Asn Asn Cys His Ser Ala Phe His Met Gly Asn Met |le
1195 1200

1185 1180
Asn Arg Asp Leu His Gly Asp Ser Ile |le Thr Pro Arg Ser Ser Phe
1205 121 1215

0
Ala Gly Glu Glu Asn Ser Asp Asp Glu Leu Pro Ala Asp Asp Thr Ser
1220 1225 1230
Val Asp Giu Thr Val Leu Gly Asp Asp Met Gly Ile Thr Ala Val Ser
1235 1240 1245
Val Ser Thr Arg Pro Ser Asp Gly Ser Arg Arg Ser Lys Ser Ser Ser
1250 1255 1260
Arg Ser Lys Cys Phe
1265
Q210> 3
211> 1286

<212> PRY
<213> Arabidopsis thaliana

220>

221> PEPTIDE

<222> (1)... (1286)

223> Arabidopsis fancd2

<400> 3
M<1=t Val Phe Leu Sgr Arg Lys Lys Pro Pro Pro Pro Pro Ser Ser Ser

10 15
Ser Ala Ala 560 Ser Leu Lys lie ;go Gin Pro GIn Lys géu Ser Val
Glu Phe ggp Ala Val Glu Lys xgt Thr Ala |le Leu Qéa Glu Val Gly
Cys ggr Leu Met Asn Pro ggr Gly Pro Pro Cys %gu Pro Ser Asp Leu
His Ala Phe Arg Arg Asn Leu Thr Gly Arg Leu Ser Ser Phe Ser Ala
65 70 15 80
Asn Ser Gly Glu ggg Asp Asn Val Gly géa Leu Cys Ser Val gge Val
Ala Gly Phe Ser Leu Tyr |le Gin Ser Pro Ser Asn Leu Arg Arg Met
100 105 110
Leu Ser Ser Ser Ser Thr Thr Lys Arg Asp Glu Ser Leu Val Arg Asn
115 120 125
Leu Leu Leu Val Ser Pro Ile Gln Leu Asp lfe Gin Glu Met Leu Leu
130 135 140
Glu Lys Leu Pro Glu Tyr Phe Asp Val Val Thr Gly Cys Ser Leu Glu
145 150 155 160
Glu Asp Val Ala Arg Leu {le |le Asn His Phe Arg Thr Leu Asp Phe
165 170 175
Ile Val Asn Pro His VYal Phe Thr Asp Lys Leu Met GIn Val Leu Ser
180 185 190
lle Cys Pro Leu Glu Leu Lys Lys Glu lle |le Gly Ser Leu Pro Glu
195 200 205
lie Ile Giy Asp His Asn Cys GIn Ala Val Val Asp Ser Leu Glu Lys
210 215 220
Met Leu GIn Glu Asp Ser Ala Val Val Val Ala Val Leu Asp Ser Phe
225 230 235 240
Ser Asn Leu Asn Leu Asp Asp Gin Leu Gin Glu GIn Ala [le Thr Val
245 250 255
Ala lle Ser Cys lle Arg Thr |le Asp Gly Glu His Met Pro Tyr Leu
260 265 270
leu Arg Phe Leu Leu Leu Ala Ala Thr Pro Val Asn Yal Arg Arg lle
215 280 285
Ile Ser GIn lte Arg Glu GIn Leu Lys Phe Thr Gly Met Ser Gin Pro
290 295 300
Cys Ala Ser Gin Asn Lys Leu Lys Gly Lys Val Pro Ala Tyr Asn Ala
305 310 315 320
Glu Gly Ser Ile Leu His Ala Leu Arg Ser Ser Leu Arg Phe Lys Asn
325 330 335
Ile Leu Cys GIn Glu lle lle Lys Glu Leu Asn Ser Leu Glu Lys Pro
340 345 350
Arg Asp ggg Lys Val lle Asp Val Trp Leu Leu |le ggg Met Tyr Met

360
Asn Gly Asp Pro Val Arg Lys Ser lle Glu Lys |le Phe Lys Lys Lys
AR—(6)
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370 375 380
Val Val Asp Glu Cys lle Gln Glu Ala Leu Leu Asp Gin Cys lle Gly
385 390 395 400

Gly Asn Lys Glu Phe Val Lys |le Leu Gly Ala Leu Val Thr His Val
405 410 415
Gly Ser Asp Asn Lys Phe Glu Val Ser Ser Val Leu Glu Met Met Thr
420 425 430
Ala Leu Val Lys Lys Tyr Ala GIn Gin Leu Leu Pro Phe Ser Ser His
435 440 445
Ile Asn Gly Ite Ser Gly Thr Cys lie teu Asp Tyr Leu Glu Gly Phe
450 455 460
Thr Iie Asp Asn Leu His Lys Thr Tyr Ser Gln Val Tyr Glu Val Phe
465 470 475 480
Ser Leu Leu Ala Leu Ser Ala Arg Ala Ser Gly Asp Ser Phe Arg Ser
485 490 495
Ser Thr Ser Asn Glu Leu Met Met Ile Val Arg Lys Gln Leu Thr Pro
500 505 510
Ser Cys Leu Val Leu Tyr Trp GIn Val Ser His Pro Asp Leu Lys Tyr
515 520 525
Lys Lys Met Gly leu Val Giy Ser Leu Arg lle Val Ser Ser Leu Gly
530 535 540
Asp Ala Lys Ser Val Pro Asp Phe Ser Ser Ser GIn Val Glu Arg Leu
545 550 555 560
Thr Asn Asp Gly Ser Leu Ala Gly Yal Asp Ala Leu Leu Gly Cys Pro
565 570 575
Leu His Leu Pro Ser Ser Lys Leu Val Giy Ser Leu Trp Gly Arg Ser
580 585 590
Arg Lys Lys Ser Ser Pro Ser Arg Tyr lle Met Leu Gln Thr Gly Tyr
595 600 605
Glu Asn Ser Leu Val Thr Ié?g Pro Cys |le Phe Cys Asp Leu Leu Asn
Ala Phe Ser Ser GIn fle Asp Glu Lys lle Gly Cys Ile Ser Gln Ma
625 630 635
Thr Val Lys Asp Val Thr Thr Lys Leu Leu Lys Arg Leu Arg Asn Leu
645 650 655
Val Phe Leu Glu Ser Leu Leu Ser AEE Leu Ile Thr Leu gt_;r Pro GIn
Ser Leu E;o Glu Leu His Pro TyB Ser Glu Ser His ggé Glu His Pro
Arg Lg(s} Lys Asn Giu Lys Arg Lys Leu Asp Asp ?{s}g Ala Ser GIn Arg
Lys Val Ser Met Lys Asn Asn Leu Lys Lys Ser Lys His Ser Asp Val
705 710 715 720
Asn Giu Lys Leu Arg GIn Pro Thr lie Met Asp Ala Phe Lys Lys Ala
725 730 735
Gly Ala Val Met Ser His Ser Gin Thr GIn Leu Arg Gly Thr Pro Ser
740 745 750
Leu Pro Ser Met Asp Gly Ser Thr Ala Ala Gly Ser Met Asp Glu Asn
755 760 765
Cys Ser Asp Asn Glu Ser Leu lle Val Lys |le Pro Gln Val Ser Ser
770 775 780
Ala Leu Glu Ala GIn Pro Phe Lys Phe Arg Pro Leu Leu Pro Gin Cys
785 795 800
Leu Ser |le Leu Asn Phe Pro Lys Val Leu Ser Gin Asp Met Gly Ser
805 810 815
Pro Glu Tyr Arg Ala Glu Leu Pro Leu Tyr Leu Tyr Leu Leu His Asp
820 825 830
Leu His Thr Lys Leu Asp Cys Leu Val Pro Pro Gly Lys GIn His Pro
835 840 845
Phe Lys Arg Gly Ser Ala Pro Gly Tyr Phe Gly Arg Phe Lys Leu Val
850 855 860
Giu Leu Leu Asn Gin lle Lys Arg Leu Phe Pro Ser Leu Asn lle Lys
865 870 875 880
Leu Asn lle Ala |le Ser Leu Leu |le Arg Giy Asp Glu Thr Ser GIn
885 890 895
Thr Thr Trp Arg Asp Glu Phe Ala Leu Ser Gly Asn Pro Asn Thr Ser
900 905 910
Ser !le Val Val Ser Glu Ser Leu Val Tyr Thr Met Yal Cys Lys Glu
915 920 925
Val Leu Tyr Cys Phe Ser Lys [le Leu Thr Leu Pro Glu Phe Glu Thr
930 935 940
Asp Lys Ser Leu Leu Leu Asn Leu Leu Glu Ala Phe GIn Pro Thr Glu
945 950 955 960
lie Pro Val Ala Asn Phe Pro Asp Phe Gin Pro Phe Pro Ser Pro Gly

_R—(D
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965 970 g75
Thr Lys Glu Tyr Leu Tyr |le Gly Val Ser Tyr Phe Phe Glu Asp |le
980 985 090

Leu Asn Lys Gly Asn Tyr Phe Cys Ser Phe Thr Asp Asp Phe Pro Tyr
995 1000 1005
Pro Cys Ser Phe Ser Phe Asp Leu Ala Phe Giu Cys Leu Leu Thr Leu
1010 1015
1025
Gfu Ala Asn Arg Lys Arg Asn Pro Gly His Phe His Gly Leu Val Pro
1045 1050 1055
Asn Leu His Ala Lys Leu Gly Thr Ser Ala Glu Lys Leu Leu Arg His
1060 10656 1070
Lys Trp Yal Asp Glu Ser Thr Asp Asn Lys Gly Leu Lys Asn Lys Val
1075 1080 1085
Cys Pro Phe Val Ser Asn Leu Arg lie Val GIn Phe Thr Gly Gliu Met
1090 1095
1105 1110
Asp Leu Leu Asp Glu Leu Ala Cys Thr |le Leu Pro Gln Ala Ser Leu
1126 1130 1135
Ser Lys Ser Thr Gly Glu Asp Asp Asp Ala Arg Asp His Glu Phe Pro
1140 1145 1150
Thr Leu Cys Ala Ala Thr Phe Arg Gly Trp Tyr Lys Thr Leu Leu Glu
1155 1160 1165
Glu Asn Leu Afa lle Leu Asn Lys Leu Val Lys Thr Val Ser Ser Glu
1170 1175

1180
L{gsArg Gly Asn Cys Gin Pro Lys Thr Thr Glu Ala His Leu Lys Asg0

119 1195
Ile GIn Lys Thr Val Asn Val Val Val Ser Leu Vaf Asn Leu ?5?5Arg
Ser His Giu Lys Val Thr Ile His Gly Met Ala Hle Lys Tyr Giy Gly
1220 1225 1230
Lys Tyr Val Asp Ser Phe Leu Lys Gly Ser Leu Lys His Lys Asp Leu
1235 1240 1245
Arg Giy GIn lle Val Ser Ser GIn Ala Tyr lle Asp Asn Glu Ala Asp
1250 1260
1265
Glu Leu Pro Leu Thr Pro
1285
210> 4
<211> 1471
<212> PRT
<213> Homo sapiens
220>
<221> PEPTIDE
{22 (1)...(04n)
<223> Human fancd?

<400> 4
M?t Val Ser Lys Agg Arg Leu Ser Lys ?gr Glu Asp Lys Glu ?gr leu

Thr Glu Asp géa Ser Lys Thr Arg 5gs GIn Pro Leu Ser gas Lys Thr

Lys Lys Ser His Ile Ala Asn Ala Val Glu Glu Asn Asp Ser Ile Phe
35 40 45

Yal kgs Leu Leu Lys !le ggr Gly lle le Leu %55 Thr Gly Glu Ser

GIn Asn Gin Leu Ala Val Asp GIn lle Ala Phe Gin Lys Lys Leu Phe

65 70 75 80

Gin Thr Leu Arg Qgg His Pro Ser Tyr 550 Lys lle lle Glu géu Phe

Val Ser Gly Leu Glu Ser Tyr lle Glu Asp Glu Asp Ser Phe Arg Asn

100 105 110

Cys Leu Leu Ser Gys Giu Arg Leu GIn Asp Glu Glu Ala Ser Met Gly
115 120 125

Ala Ser Tyr Ser Lys Ser Leu lie Lys Leu Leu Leu Gly Ile Asp Ile

130 135 140
Leu GIn Pro Ala lle [le Lys Thr Leu Phe Glu Lys Leu Pro Giu Tyr
145 150 165

160
Phe Phe Glu Asn Arg Asn Ser Asp Glu |le Asn Ile Phe Arg Leu ile

A= (8)

0
GIn Leu Val Yal Thr Ser Val GIn Lys Tyr Leu Gly Lys Val Ser Glu
1030 103 1040

1100
Val GIn Thr Ile Leu Arg lle Tyr Leu Glu Ala Ser Gly Ser Thr Ser
1115 1120

1255
Glu Yal Glu Glu Thr Met Ser Gly Glu Glu Glu Pro Met Gin Glu Asp
1270 1275 1280
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165 170 175
Val Ser GIn Leu Lys Trp Leu Asp Arg Val Val Asp Gly Lys Asp Leu
180 185 190

Thr Thr Lys Ile Met GIn Leu |le Ser fle Ala Pro Glu Asn Leu GIn
195 200 205
His Asp |le |le Thr Ser Lys Pro Glu |le Leu Gly Asp Ser Gln His
210 215 220
Ala Asp Val Gly Lys Glu Leu Ser Asp Leu Leu lle Glu Asn Thr Ser
225 230 235 240
Leu Thr Val Pro lie Leu Asp Val Leu Ser Ser Leu Arg Leu Asp Pro
245 250 255
Asn Phe Leu Leu Lys Val Arg Gln Leu Val Met Asp Lys Leu Ser Ser
260 265 270
|le Arg Leu Glu Asp Leu Pro Val |le lle Lys Phe |le Leu His Ser
275 280 285
Vai Thr Ala Met Asp Thr Leu Glu Val |le Ser Glu Leu Arg Glu Lys
295 300

240
Leu Asp Leu GIn His Cys Val Leu Pro Ser Arg Leu Gln Ala Ser Gin

305 310 315 320
Val Lys Leu Lys Ser Lys Gly Arg Ala Ser Ser Ser Gly Asn Gin Glu
325 330 335
Ser Ser Gly GIn Ser Cys lle lle Leu Leu Phe Asp Val lle Lys Ser
340 345 350
Ala Ile Arg Tyr Glu Lys Thr Ile Ser Glu Ala Trp lle Lys Ala lle
355 360 365
Glu Asn Thr Ala Ser Val Ser Glu His Lys Val Phe Asp Leu Val Met
370 375 380
Leu Phe ile lie Val Ser Thr Asn Thr Gln Thr Lys Lys Tyr lle Asp
385 390 395 400
Arg Val Leu Arg Asn Lys lie Arg Ser Gly Cys |le Gin Glu Gln Leu
405 410 415
Lev Gln Ser Thr Phe Ser Val His Tyr Leu Val Leu Lys Asp Met Cys
420 425 430
Ser Ser |fe Leu Ser Leu Afa GIn Ser Leu Leu His Ser Leu Asp GlIn
440 445
Ser lle |le Ser Phe Giy Ser Leu Leu Tyr Lys Tyr Ala Phe Lys Phe
450 455 460
Phe Asp Thr Tyr Cys Gln GIn Glu Val Val Gly Aia Leu Vai Thr His
465 410 475 480
Ile Cys Ser Gly Asn Glu Ala Glu Val Asp Asp Ala Leu Asp Val Leu
485 490 4095
Leu Glu Leu Val Val Leu Asn Pro Ser Ala Met Met Met Asn Ala Val
500 h05 510
Phe Val Gln Gly Ile Leu Asp Tyr Leu Asp Asn [le Ser Pro Gln Gln
515 520 525
lie Arg Lys Leu Phe Tyr Val Leu Ser Thr Leu Ala Phe Ser Lys GlIn
530 535 540
Asn Glu Ala Ser Ser His fle GIn Asp Asp Met His Leu Val Ile Arg
545 550 b5h 560
Lys Gin Leu Ser Ser Thr Val Phe Lys Tyr Lys Leu lle Gily lle Ile
565 5710 575
Gly Ala Val Thr Met Ala Gly Ile Met Ala Ala Asp Arg Ser Glu Ser
580 585 590
Pro Ser Leu Thr Gin Glu Arg Ala Asn Leu Ser Asp Glu Gln Cys Thr
595 600 605
Gin Val Thr Ser Leu Leu Gin Leu Val His Ser Cys Ser Glu GIn Ser
610 619 620
Pro Gin Ala Ser Ala Leu Tyr Tyr Asp Glu Phe Ala Asn Leu lle Gin
625 630 635 640
His Glu Lys Leu Asp Pro Lys Ala Leu Glu Trp Val Gly His Thr lle
645 650 655
Cys Asn Asp Phe Gin Asp Ala Phe Val Val Asp Ser Cys Val Val Pro
660 665 670
Giu Gly Asp Phe Pro Phe Pro Val Lys Ala Leu Tyr Gly Leu Glu Glu
675 680 685
Tyr Asp Thr GIn Asp Gly |le Ala fle Asn Leu Leu Pro Leu Leu Phe
690 695 700
Ser Gin Asp Phe Ala Lys Asp Gly Gly Pro Val Thr Ser Gln Glu Ser
705 1o 715 720
Gly Gly Lys Leu Val Ser Pro Leu Cys Leu Ala Pro Tyr Phe Arg Leu
725 730 135
Leu Arg Leu Cys Val Glu Arg Gln His Asn Gly Asn Leu Glu Glu lle
740 745 750

Asp Gly Leu Leu Asp Cys Pro |le Phe Leu Thr Asp Leu Glu Pro Gly
A=
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755 765
Glu Lys Leu Glu Ser Met _Slgr Ala Lys Glu Ala Ser Phe Met Cys Ser

TI0 780
Leu {ie Phe Leu Thr Leu Asnh Trp Phe Arg Glu |le Val Asn Ala Phe
785 790 795 800
Cys Gin Glu Thr Ser Pro Giu Asn Lys Gly Lys Val Leu Thr Arg Leu
805 810 815
Lys His lle Val Glu Leu Gin Ile Leu Leu Glu Lys Tyr Leu Ala Val
820 825 830
Thr Pro Asp Tyr Val Pro Pro Leu Gly Asn Phe Asp Val Glu Thr Leu
835 840 845
Asp lle Thr Pro His Thr Val Thr Ala lle Ser Ala Lys Ile Arg Lys
850 855 860
Lys Gly Lys !le Glu Arg Lys GIn Lys Thr Asp Gly Ser Lys Thr Ser
865 870 875 880
Ser Ser Asp Thr Leu Ser Glu Glu Lys Asn Ser Glu Cys Asp Pro Thr
885 890 895
Pro Ser His Aag Gly GIn Leu Asn Lys Glu Phe Thr Gly 5¥8 Glu Glu
Lys Thr g?g Leu Leu Leu His Asn Ser His Ala Phe ggg Arg Glu Leu
Asp IIe Glu Val Phe Ser Ile Leu His Cys Gly Leu Yal Thr Lys Phe
930 935 940
éig Leu Asp Thr Glu Met His Thr Glu Ala Thg Glu Val Vai GIn ng
Gly Pro Pro Glu Leu Leu Phe Leu Leu Glu Asp Leu Ser GIn Lys Leu
965 970 975
Glu Ser Met Leu Thr Pro Pro |le Ala Arg Arg Val Pro Phe Leu Lys
980 985 990
Asn Lys Gly Ser Arg Asn lle Gly Phe Ser His Leu Gin Gin Arg Ser
995 1000 1005
Ala GIn Glu lle Val His Cys Val Glu GIn Leu Leu Thr Pro Met Cys
1010 1015 1020
Asn His Leu Glu Asn Ile His Asn Tyr lle Gin Cys Leu Ala Ala Glu
1025 030 1035 1040
Asn His Gly Val Val Asp Gly Pro Gly Val Lys Val Gln Glu Tyr His
1045 1050 1055
lle Met Ser Ser Cys Tyr Gln Arg Leu Leu GIn |le Phe His Gly Leu
1060 1065 1070
Phe Ala Trp Ser Gly Phe Ser GIn Pro Glu Asn Gln Asn Leu Leu Tyr
1075 1080 1085
Ser Ala Leu His Val Leu Ser Ser Arg Leu Lys GIn Gly Glu His Ser
1090 1095 1100
th Pro Leu Glu Glu %??OLBU Ser GIn Ser Val HIS Tyr Leu GIn ??30
Phe His Gin Ser fle Pro Ser Phe GIn Cys Ala Leu Tyr Leu |le Arg
1128 1130 1135
Leu Leu Met Val Ile Leu Glu Lys Ser Thr Ala Ser Ala Gln Asn Lys
1140 1145 1150
Glu Lys Ile Ala Ser Leu Ala Arg Gln Phe Leu Cys Arg Val Trp Pro
1155 1160 1165
Ser Gly Asp Lys Glu Lys Ser Asn |le Ser Asn Asp Gin Leu His Ala
1170 1175 1180
Leu Leu Cys lle Tyr Leu Glu His Thr Glu Ser [le Leu Lys Ala |le
1185 1190 1195 1200
Glu Glu Ile Ala GIn Val Gly Val Pro Glu Leu |le Asn Ser Pro Lys
1205 1210 1215
Asp Ala Ser Ser Ser Thr Phe Pro Thr Leu Thr Arg His Thr Pro Val
1220 1225 1230
Yal Phe Phe Arg Val Met Met Ala Giu Leu Glu Lys {le Val Lys Lys
1235 1240 1245
tle Glu Pro Gly Thr Ala Ala Asp Ser Gln GIn |le His Giu Giu Lys
1250 1255 1260
Leu Leu Tyr Trp Asn Met Ala Val Arg Asp Phe Ser lle Leu |le Asn
1265 1270 1275 1280
lLeu Ite Lys Val Phe Asp Ser His Pro Val Leu His Vai Cys Leu Lys
1285 1290 1295
Val Gly Arg Leu Phe Val Glu Ala Phe Leu Lys GIn Cys Met Pro Leu
1300 1310
Leu Asp |le Ser Phe Arg Lys His Arg Glu Asp Val Leu Ser Leu Leu
1315 1320 1325
Glu Thr Phe Gln Leu Asp Thr Arg Leu Leu His His Leu Cys Gly His
1335 1340

1330
Ser Lys lle His GIn Asp Thr Arg Leu Thr Gln His Val Pro Leu Leu
A—T0
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1345 1350 1355 1360
Lys Lys Thr Leu Glu Leu Leu Yal Cys Arg Val Lys Ala Met Leu Thr
1 1370 1375

365
Leu Asn Asn Cys Arg Glu Ala Phe Trp Leu Gly Asn Leu Lys Asn Arg
380 1385 1390
Asp Leu GIn ny Glu Glu tle Lys Ser Gln Asn Ser GlIn Glu Ser Thr
1395 1400 1405
Ala Asp Glu Ser Glu Asp Asp Met Ser Ser Gln Ala Ser Lys Ser Lys
1415 1420

1410
Ala Thr Glu Val Ser Leu Gin Asn Pro Pro Glu Ser Gly Thr Asp Gly
1425 1430 1435 440
Cys lle Leu Leu Ile Val Leu Ser Trp Trp Ser Arg Thr Leu Pro Thr
1445 1455

Tyr Val Tyr Cys GIn Met Leu Leu Cys Pro Phe Pro Phe Pro Pro
1460 1465 1470

Q10> 5

<211> 5189

<212> DNA

<213> Artificial Sequence

220>
<223> cDNA seguence

<400> &

tcgaaaacta cgggcgecga cggctictcg gaagtaattt aagtgcacaa gacattzgtc 60
aaaatggttt ccaaaagaag actgtcasaa totgaggata aagagagect gacagaagat 120
goctccaaaa ccaggaagea accactttcc aaaaagacaa agaaatctca tattgctaat 180
gaagttgaag aaaatgacag catctttgta aagettctta agatatcagg aattattctt 240
aaaacgggag agagtcagaa tcaactagot gtggatcaaa tagetttcca aaagaagete 300
tttcagacce tgaggagaca ccottoctat cccaaaataa tagaagaatt tgttagtmec 360
ctgeagteott acattgagga tgaagacagt ttcaggaact gocttttetc ttetgageet 420
ctegcaggatg aggaagocag tatggeteca tottatteta agagtoteat caaactgett 480
ctegeeatty acatactgea goctgecatt atcaaaacct tatttgagaa gttgccagaa 540
tatttttttg aaaacaagaa cagtgatgaa atcaacatac ctcgactcat tgtcagtcaa 600
ctaaaatggc ttgacagagt tgtggatgec aaggacctca ccaccaagat catgcagcte 660
atcagtattg ctccagagaa cotgoageat gacatcatca ccagectace tgagatccta 720
gegeattooc agoacgctga tgtggegaaa gaactcagtg acctactgat agagaatact 780
tcactcactg tcccaatcet ggatgtoctt tcaagcctoc gacttgacoc aaacttocta 840
ttgaaggtic gocagttegt gatpgataag ttetogtcta ttagattega geatttacct 900
gtpataataa agttcattct tcattccgta acagccatgg atacacttga ggtaatttct 960
gagottcege agaagttgea tctgoagcat tetgtittgc catcacgstt acaggcticc 1020
caagtaaagt trasaagtaa aggacgagea agttcctcag gamatcaaga aagcageget 1080
cagagctgta ttattcteet ctttegatgta ataaagicag ctattagata tgagaaaacc 1140
atttcagaag cctggattaa ggcaattgaa aacactecct cagtatctga acacaaggte 1200
tttgacetee tgatgctttt catcatctat agcaccaata ctcagacasa gaagtacatt 1260
gacagggtgc taagaaataa gattcgatca ggctgcatic aagaacaget gotecagagt 1320
acattctctg ttcattactt agttcttaag gatatetgtt catccattct gtcectgect 1380
cagagtttge ttcactctct agaccagagt ataatttcat ttggcagtct cctatacaaa 1440
tatgeattta agttitttes cacgtactec cageaggaag tggtipgtec cttagtpace 1500
catatctgca gtgggaatga agotgaagtt gatactgect tagatgtcct tctagagttg 1560
gtagtgttaa acccatctgc tatpatgatg aatectgtct tigtaaaggg cattttagat 1620
tatctgeata acatatccee toagcaaata cgaaaactet totatgttot cagcacactg 1680
gcatttagca aacagaatga agccageage cacatccagg atgacatgca cttgeteata 1740
agaaagcage tctotageac cgtattcaag tacaagetca ttgggattat tggtgctetg 1800
accatgectz goatcateec ggcagacaga agtgaatcac ctagittgac ccaagagaga 1860
gecaacctga gogatgagea gtgcacacag gtpaccteet tettpoagtt getteattce 1920
tgcagtgage agtctectea ggoctetgea ctttactatg atgaatttge caacctgatc 1980
caacatgaaa agcotggatcc aaaagocctyg gaatgggttg ggcataccat ctgtaatgat 2040
ttccaggatg cottcogtagt ggactcctgt gttettccee aaggtgactt tocatttect 2100
gtpaaagcac tptacepact gpaagaatac pacactcagg atgggattec cataaacctc 2160
ctgcegetee tegttttotea ggacttigca aaagatggee gtocggtgac ctcacaggaa 2220
tcagegccaaa aattggtetc tcogctstec ctegctocgt atttccgett acteagactt 2280
tgtgtegaga gacagcataa cggaaacttg paggagattg atgegtotact agattgtoct 2340
atattcctaa ctgacctgga goctgzagag aagttgeaet ccatgtctge taaagagegt 2400
teattcatgt pgtteteteat atttettact ctcaactegt tccgagagat tgtaaatgcc 2460
ttctgccage aaacatcacc tgagatgaag gggaagegtge tcactcggtt aaagcacatt 2520
gtagaattpc aaataatcot ggaaaagtac ttegcagtca ccccagacta tgtocctoct 2580
cttggaaact ttgatgtgea aactttagat ataacaccic atactpttac tgetatttca 2640
gcaaaaatca gaaagaaagg aaaaatagaa aggaaacasa aaacagatgeg cagcaagaca 2700
toctoctetg acacactttc agaagagaaa aattcagaat gtgaccctac pecatctcat 2760
agagegccagc taaacaagga gltcacages aaggaagaaa agacatcatt gttactacat 2820
aattcccatg cttttttecg agagetggac attgagetct tctctattct acattgtgga 2880
cttgtgacea apttcatett agatactgaa atgcacactg aagctacaga agttgtgcaa 2940

_—=(11)
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ctteeeccee
ctgacacctc
geattctcac
cteaccecaa
gagaatcacg
toctectate
caacctgaaa
cagggagaac
aatttccate
gttatttigg
agacaattce
gaccagcteceo
atagaggaga
toctocacat
getgaactag
attcatgaag
aacttgataa
ctetttgtee
caccgggaag
cacctgtgte
ctcaaaaaga
tgtagagage
aagtoccaaa
goctccaaga
gettgcattt
tgtcaaatge
tttteggace
gtegoattte
catatctgaa
aatgagttaa
ggtgaaagee
agttcttaceg
atgtagacat
gtaggaggat
atctccacaa
cactttggga
acatagtgaa
cectgttatet
210> 6
211> 5194
<212> DNA
<213> Homo

<400> 6

tagaatcgaa
tegtcaaaat
aagatgccte
ctaatgaagt
ttottaaaac
agctetttea
gtegectega
agegtetgea
tecttcteee
cagaatattt
gtcaactaaa
agctgatoag
toctagggga
atacttcact
tectattgaa
tacctgteat
tttotgaget
cttcccaagt
gogetcagag
aaaccattte
aggtgttitga
acattgacag
agagtacatt
tgegctoagag
acaaatatgc
tgacccatat
agtteetagt
tagattatoet
cactggeatt
tgataagaaa

(132)

ctgagetget tttettecte gaagatotot cccagaaget ggagagtatg 3000
ctattgccag gagagtcccc ttitctcaaga acaaaggaag ccggaatatt 3060
atctccaaca gagatctgec caagaaattg ttcattgtst ttttcaactg 3120
tgtgtaacca cotegagaac attcacaact attttcagtg tttagetget 3180
gtegtagttea tggaccagega gtgaaagttc ageagtacca cataatgtct 3240
agaggctect goagattttt catgegettt tiecttegegag teggattttct 3300
atcagaattt actgtattca geccctccatg toccttagtag copactgaaa 3360
acagccagcc titggaggaa ctactcagec agagegtoca ttacttegcag 3420
aaagoattcc cagtttccag tetectottt atctcatcag acttttgatg 3480
agaaatcaac agcttctgct cagaacaaag aaamaaattgc ttcccttgce 3540
tetetepeet gtepccaapt gepgataaag agaagageaa catctetaat 3600
atgotctget ctgtatctac ctgeagecaca cagagagcat tctgaaggce 3660
ttegcteggtet teegtetecca gaactzatca actotcctaa agatgeatet 3720
tcectacact gaccagecat acttttette ttttottocg tgteatgatz 3780
agaagacggt gaaaaaaatt gagcctggea cagcagcaga ctcgecagcag 3840
agaaactcct ctactggaac atggctgttc gagacttcag tatoctcate 3900
aggtatttega tagtcatcct gttctecate tatgtttgaa sgtatgzegcet 3960
aagcatttct gaagcaatgt atgccgetcc tagacttcag ttttagaaaa 4020
atgttctgag cttactggaa accttccagt tggacacaag getgctteat 4080
ggcattccaa gattcaccag gacacgagac tcacccaaca tgtgoctctg 4140
coctggaact tttagtttec agagtcaaag ctatgctcac tectcaacaat 4200
cttteteect geecaatota aaaaacceee acttgeageg tepaagagatt 4260
attcccagga gagcacagca gatgagagtg aggatgacat gtoatcccag 4320
gcaaagccac tgaggtatct ctacaaaacc caccagagtc tggcactgat 4380
tettaattet tctaagtiee tgpagecagaa ctttpectac ttatgtttat 4440
ttctatgeoce atttccattc cctoccataac agettctgteg cttatataat 4500
cagaagaaac aacgacacaa tcttagaatc actoctgagt atctcgagtt 4560
ttatagagtt gacaattttc tgcattatag cctotcattt tecatgaatt 4620
accattttag aagggagaag tcatcgaagt attttctgag tgttgagaag 4680
accatttaaa cacatttgaa acatacaaaa atagaaatgt gaaagcattt 4740
aaagcacaga gioagaaget gocaccttag agaactgaaa taaaaataga 4800
cttttttete gtacagatec tttcgacaat ttaaagaaag ctaaataaaa 4860
gecteecgea gtpectoate cttptaatec tageacttitt tgaggccaag 4920
tgctteagte cggeagctca agegcaaaget geoacaacata acaagaccct 4980
aaaaaategaa aaataaacct ggeteceete geteacacot gtaatcccag 5040
geccgatgtg ggcagatcac aaggtcagea ggtcoaagacc agcctggeca 5100
accccatctc tactgaaaat acaaaaatta gotgegtete gieecacgtg 5160
cagotacttg gzaagotea b189

sapiens

aactacggec gecgaceget tctcgeaagt aatttaagtg cacaagacat 60
getttcocaaa agaagactet caaaatotea gpatasagag apecigacag 120
caaaaccagg aagcaaccac tttccaaaaa gacaaagaaa totcatattg 180
tgaagaaaat gacagcatct ttgtaaagct tcttaagata tcaggaatta 240
gegagagagt cagaatcaac tagctetega tcaaataget ttccaaaaga 300
gaccctgagg agacaccctt cotatcccaa aataatagaa gaatttgtta 360
gtettacatt gagpatgaag acagtttcag gaactpcctt ttgtcttete 420
gegatgaggaa gocagtatge gtecatctta ttotaagagt ctcatcaaac 480
gattgacata ctgcagecte ccattatoaa aaccttattt gagaagttec 540
ttttgaaaac aagaacagtg atgasatcaa catacctcga ctcattgtca 600
atggettgac agagtigteg atgecaagsa cctcaccacc aagatcatgc 660
tattgctcca gagaacctge ageatgacat catcaccage ctacctgaga 720
ttcccagoac gotgategtege ggansagaact cagigaccta ctegatagaga 780
cactgtccca atcctggateg tcctttcaag cotocgactt gacccaaact 840
gettegocag ttgetgatgg ataagtigtc gtotattaga ttggaggatt 900
aataaagttc attctteatt ccgtaacage catggataca cttpagetaa 960
tcggeagaag ttggatctee ageatigtgt tttgccatca cggttacagg 1020
aaagttgaaa agtaaaggac gagcaagttc ctcaggazat caagaaagca 1080
ctgtattatt ctoctottte atgtaataaa gtcageotatt agatatgaga 1140
agaagcctge attaaggcaa ttgaaaacac tgcctcagta tetgaacaca 1200
coctggtgatg cttttcatca tctatageac caatactcag acaaagaagt 1260
getegctaaga aataagattc gatcaggctg cattcaagaa cagetgctec 1320
ctetettcat tacttagttc ttaaggatat gtettcatec attotgtoec 1380
tttegcttecac totctagace agagtataat ttocatttgec agtctcctat 1440
atttaagttt tttgacacgt actgccagoa ggaagtggtt getgccttag 1500
ciecagteee aatgaagcte aagtigatac tgccttagat gtocttictag 1560
gttaaaccca tetectatea teatgaatege tgtetttegta aagggeattt 1620
gegataacata tcccctcage aaatacgasa actcttctat gttctcagea 1680
tagcaaacag aatgaagcca goagocacat ccaggatgac atgcactigg 1740
geagetetet agcaccgtat tcaagtacaa getcattgge attattgete 1800

_R—2(12)

JP 2010-246550 A 2010.11.4



ctgteaccat ggotggeate
agagagccaa ccigagegat
attcotgcag tgageaptot

atgecegcag acagaagiga
gagcagtgea cacaggtgac
cctoaggeot ctgeactita

(133)

atcacctagt ttgacccaag 1860
ctecttette cagtteggttc 1920
ctatgatgaa tttgccaacc 1980

tgatccaaca tgaaaagetg gatccaaaag coctggaatg gettegecat accatctgta 2040

atgatttcca ggatgoctte
ttcctgteaa agcactegtac
acctoctgece gotgotgttt
aggaatcagg ccaaaaattg
gactttegtet gpagagacag
gtoctatatt coctaactgac
agegttcatt catgtettct
atgccttcte ccaggaaaca
acattgtaga attgcaaata
cteotettege aaactttgat
tttcagcaaa aatcagaaag
agacatcctc cteotgacaca
ctcatagagg ccagctaaac
tacataattc coatgetttt
gtggacttgt gacgaagttc
tgcaacttgg gecccotgag
gtatgeotgac acctectatt
atattggatt ctcacatctc
aactgctgac cccaatgtat
ctgctgagaa toacgeteta

tgtottecte ctatcagagg ctgctecaga tttttcatge gotttttget
tttctcaacc tgaaaatcag aatttactgt attcagecct ccatgtectt

tgaaacagge agaacacage
tpcagaattt ccatcaaage
tgatggttat tttggagaaa
ttgccagaca attoctetgt
ctaatgacca gctocatect
aggecataga geagattget
catctteete cacattccot
tgatggctea actagagaag
agcagattca tgaagagaaa
tcatcaactt gataaageta
gecetotott tptggaagea
gaaaacaccg ggaagatgtt
ttcatcacct
ctetgcteaa
acaattgtag
agattaagte
cccaggecte
ctgatggttg
tttattgtea

aaagaccctg
agaggcltte
ccaaaatticc
caagagcaaa
cattttgtta
aatgctteta
ataatttttg ggacccagaa
gagttgtege atitgitata
gaattcatat cigaaaccat
agaagaatpga gttaaaccat
catttgetga aagccaaage
atagaagtic ttacgctttt
taaaaatgta pacatggcte
ccaaggtagg aggattgett
accctatctc cacaaaaaaa
cecageactt tgggaggocg
ggccaacata gigaaaccce
acgtecotgt tatctcapget
Q10 17

<211> 4455

<212> DNA

<213> Homo sapiens

<400> 7

tcgaaaacta cgggcggcea
aaaatggttt ccaaaagaag
goctecaaaa ccaggaagea
gaagttgaag aaaatgacag
aaaacgggag agagtcagaa
tttcapaccc tgaggagaca
ctggagtett acattgagga
ctgcageate aggaagecag
ctggegattg acatactgea
tattttttte asaacaagaa
ctaaaatgpe ttzacagagt

gtagtggact cetgtgtigt
gegactggaag aatacgacac
tctcaggact ttecaaaaga
gtegtetecee tgteccteec
cataacggaa acttggagga
ctgeagccte gagagaagtt
ctcatatite ttactctcaa
tcacctgaga tgaaggggaa
atcctegaaa agtacttgee
gtgeaaactt tagatataac
aaaggaaaaa tagaaaggaa
ctttcagaag agaaaaatic
aaggagttca cagggaagga
ttccgagage tgegacattga
atcttagata ctgaaatgea
ctgcttttet tgctemaaga
gecaggagag toooctttet
caacagagat ¢tpcccaaga
aaccacctgg agaacattca
gttgatggac caggagteaa

cagcctttgg aggaactact
attcccagtt tocagtetee

tocggaaggt gactttecat 2100
tcaggatgee attgccataa 2160
tepgeetocg gtgaccteac 2220
tccgtattte cggttactega 2280
gattgatgpt ctactagatt 2340
ggagtccatg tctgctaaag 2400
ctggttccea gagattgtaa 2460
getgctoact cggttasage 2520
agtcacccca gactatgtce 2580
acctcatact gttactegcta 2640
acaaaaaaca gatggcagea 2700
agaatgtgac cctacgccat 2760
agaaaagaca tcattgttac 2820
ggtottotet attctacatt 2880
cactgaagct acagaagttg 2940
tototeocag aagetggaga 3000
caagaacaaa ggaagccgga 3060
aattgttcat tegtgtttttc 3120
caactatttt cagtgtttag 3180
agttcaggag taccacataa 3240
tggagtggat 3300
agtagccgac 3360
gtccattact 3420
atcagacttt 3480

cagccagagc
tetttatete

tcaacagett
cgggteteec
ctecteteta

ctgctcagaa caaagaaaaa
caagtgpgga taaagagaag
tctacctgga gcacacagag

attgettccc 3540
ageaacatet 3600
agcattctga 3660

tccocagaact
gpcatactitt
aaattgagee
gegaacatgec
atcotgttct
aatgtatgec
tegaaacett

ggtgttgets
acactgacca
acggtegaaaa
ctectotact
ttteatagte
tttetgaage
ctgagettac

gaacttttag tttgcagast
tpgctegeggca atctaaaaaa
caggagagea cagcagatga
gocactgage tatctcetaca
attgttctaa gttggtegag
tgoccatttc cattoccctco
gaaacaacga cacaatctta
gagttgacaa ttttectgeat
tttagaaggg agaagtcate
ttaaacacat ttgaaacata
acagagtcag aagctgccac
ttgtgetaca gatpottteg
gogcagtgge teatgottgt
gagtccgega gotcaaggca
atgaaaaata aaccigggtg
atgteggecag atcacaaget
atctctacteg azaatacaaa
acttggeaag ctga

gaagtaattt
tctgaggata
accactticc aaaaagacaa
catctttgta aagcttcita
tcaactaget gtgpatcaaa
cecttoctat cocaaaataa
tgaagacagt ttcaggaact
tatgggtgca tcttattcta
gectgecatt atcaaaacct
cagtgategaa atcaacatac
tgtggatggc aaggacctca

cgecttotop
actgtcaaaa

gatcaactet cctasagatg 3720
tgttgtttte ttocetgtea 3780
tggocacagoa goagactoge 3840
tgttogagac ttcagtatce 3900
geatgtatgt ttgaagtatg 3960
gotoctagac ttoagtttta 4020
ccagttggac acaaggcetge 4080

gtetesecat tocaagatte accaggacac gagactcace caacatgtge 4140

caaagctatg cteactctea 4200
ccegggactte cagggtgaag 4260
gagteaggat gacatgtcat 4320
aaacccacca gagtctggca 4380
cagaacttte cctacttatg 4440
ataacagett ctgtecttat 4500
gaatcactcc tgagtatctc 4560
tatagectot cattttccat 4620
gaagtatttt ctgagtgtieg 4680
cazaaataga aatgtgaaag 4740
cttagagaac tzaaataaaa 4800
acaatttaaa gasagctaaa 4860
aatcctagea ctitttzage 4920
aagetecaca acataacaag 4980
cgetggctea cacctgtaat 5040
caggagttca agaccagoot 5100
aattagetes etetestzgc g}gg

aagtgcacaa gacattgegtc 60

aagagagcet gacagaagat 120
agaaatotca tattgctaat 180
agatatcagg aattattctt 240
tagctttcca aaagaagctc 300
tagaagaatt tgttagtgec 360
gocttttete ttptpapcet 420
agagtctcat casactgett 480
tatttgagaa gttegccagaa 540
ctegacteat tetcagtcaa 600
ccaccaagat catgcagetg 660
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atcagtattz ctccagagaa
ggggattooe agcacgotga
tcactcactg tcccaateot
ttgaaggtic gocagttaat
gtgataataa agttcattct
gagettogge agaagtigea
caagtaaagt tgaaaagtaa
cagagetgta ttattetect
atttcagaag cctiggattaa
ttteacctgg tgatpetttit
gacagggtac taagaaataa
acattctetp tteoattactt
cagagttige ttcactctet
tatgeattta agttttttga
catatctgca gtgggaatga
gtagtegttaa acccatctge
tatctggata acatatcecce
geatttagea aacagaatga
agaaagoage tetotageac
accatggotg geatcatgge
gccaacctga gogatgagea

cctgocageat gacatcatca
tgtggeeaaa gaactcagte
geategtoott teaagectoc
gatggataag ttgtogteta
tcattecgta acagccatee
totgoageat tptgttttge
apgacgagea agttcctcag
ctttegatgta ataaagtcag
ggcaattgaa aacactgect
catcatctat agcaccaata
gattcgatca ggctgcattc
agttcttaag gatatgtett
agaccagagt ataatttcat
cacgtactge cagcaggaag
apgctgaagtt gatactgect
tatgatgate aatectgict
tcagcaaata cgaaaactct
agccageage cacatccage
cgtattcaag tacaagctca
gecagacaga agtgaatcac
gtecacacag gtegacctoct

(134)

ccagectacec tgagatccta 720
acctactgat agagaatact 780
gacttgacce aaacttccta 840
ttagattega geatttacct 900
atacacttga ggtaatttct 960
catcacggtt acaggcttcc 102

gaaatcaaga aagcageggt 1080
ctattagata tgagaaaacc 1140
cagtatctga acacaaggteg 1200
ctcagacaaa gaagtacatt 1260
aagaacagct gotccagagt 1320
catccattet gtegetgget 1380
ttggeagtct cotatacaaa 1440
tgetteegtec ottagtgace 1900
tagatgtoot totagagttg 1560
ttetaaagge cattttagat 1620
tctatgttet cagcacactg 1680
atgacatgca cttggtgata 1740
ttpgpattat tggtgctgte 1800
ctagtttgac ccaagagaga 1860
tgttgeagtt gettcattcc 1920

ggoctetgcea
aaaageoctg
geacteotet

tgcagtgage agtctoctea
caacatgaaa agctggatce
ttccaggatg cottegtagt
gtgaaagcac tegtacgpact ggaagaatac
ctgocgotgc tgtttictea gpactttigea
tcaggccaaa aattggtgte tecgetgige
tgtgtgeaga gacageataa cggaaacttg
atattcctaa ctgacotgga gectggagag
tcattcategt gttctoteat atttettact
ttotgccagg daacatcacc tgagatgaag
gtagaattgc aaataatecct ggaaaagtac
cttggaaact ttgatetgga aactttagat
gocaaaaatca gaaagaaagg aaaaatagaa
toctectctg acacactttc agaagagaaa
agaggccage taaacaagga gticacaggg
aattcccatg cttttttccg agagetggac
cttgtgacga agttcatett agatactgaa
cttgggecce ctgagotget tttctigetg
ctgacaccte ctattgccag gagagtccee
geattctcac atctccaaca gagatcigee
cteaccccaa tgtgtaacca cctggagaac
gagaatcace gtgtagttea tggaccagga
toctgotate apaggctget geagattttt
caacctgaaa atcagaattt actgtattca
cagggagaac acagecagec tttggaggaa
aatttccatc aaagcattcc cagtitccag

atgaatttge caacctgatc 1980
gecataccat ctgtaatgat 2040
aagetgactt tcocatttcct 2100
atgggattge cataaacctc 2160
aaagatggee gtocggtgac ctcacaggaa 2220
ctggotoegt atttccggtt actgagactt 2280
gaggagatty atggtotact agattgtoct 2340
aagtteggagt ccatgtctge taaagagcet 2400
ctcaactggt tccgapagat tgtaaatgcc 2460
ggpaagetec tcactcggtt aaagcacatt 2520
ttggcagtea coccagacta tgtecctoct 2580
ataacacctc atactgttac tgctatttca 2640
aggaaacaaa aaacapgatgg cagcasgaca 2700
aattcagaat gtgaccctac gecatctcat 2760
aaggaagaaa agacatcatt gttactacat 2820
attgaggtct totctattet acatigtgga 2880
atgcacactg aagctacaga agttetgcaa 2940
gaagatotot cccagaaget ggagagtatg 3000
tttctcaaga acaaaggaag ccggaatatt 3060
caagaaattg ttcattptet ttttcaactg 3120
attcacaact attttcagtg tttagctect 3180
gtgaaagttc aggapgtacca cataatgtct 3240
catgggcttt ttpettegag tggattttct 3300
gocctecatg tocttagtag ccgactgaaa 3360
ctactcagee agagogtcca ttacttgoag 3420
tgtectettt atcteatcag acttttgatg 3480

ctttactatg
gaatgggtte
gttgttoogg
gacactcagg

gttattttge agaaatcaac
agacaattce totgtegeet
gaccagetee atgctotget

agettotget cagaacaaag
gtggccaagt ggegataaag
ctgtatctac ctggageaca

aaaaaattgc ttccottzce 3540
agaagagcaa catctctaat 3600
cagagagcat totgaaggcc 3660

atapaggaga ttgeteggtet tgetetocca
tectecacat tocctacact gaccaggcat
getgaactag agaagacget gaaaaaaatt
attcatgaag agaaactcct ctactggaac
aacttgataa aggtattiga tagtcatcct
ctotttgteeg aagecatttct pgaagcaatet
caccegggaag atgttctgag cttactggaa
cacctetegte gecattccaa gattcaccag
ctcaaaaaga ccctggaact tttagtttge
tetagagagg ctttcteget gegcaatcta
aagtcccaaa attcccagga gageacagea
goeotccaaga geaaagecac tgagegatget
gagcaagata gtgatgagag ttatgatgac
gottotetet cteaa

210> 8

<211> 5516

<212> DNA

<213> Mus musculus

<400> 8

ggaaagtcga aaacgaaggg aagcaactgg
aagacgtitag tcaaaatgat ttccaaaaga
ctgacagaag atgcctoccaa aaccatgeoce

actctectaa agatgeatct 3720
ttttettocg tgtgatgatg 37380
cagcageaga ctogcagcag 3840
gagacttcag tatcctcatc 3900
tatgtttgaa gtatgegoet 3960
tagacttcag ttttagaaaa 4020
tggacacaag gotgotteat 4080
tcacccaaca tgtgectotg 4140
ctatgctcac totcaacaat 4200
acttgcagpe tgaagagatt 4260
aggatgacat gtcatcccag 4320
aagtaagtec tpegapgaaaag 4380
cocccagataa attgttgect :222

gaactgatoea
acttttgtte
gagectgeca
atggctgtte
gtictgeate
atgoccgetee
accttecagt
gacacgagac
agagtcaaag
aaaaacCEEE
gatgagagte
gaagaagace
tetgattaga

ggaagtaata taagtgecag 60
attctgagga taaagaaaac 120
tgecaaagaa gtotcacaat 180

R—-(14)

cgggtecoccea
cgtogectag
ctttccaage
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tctcatpaag ttgzagaaaa teggeagtete
actcttaaaa ctggagagaa ccaaaatcag
aagctettte appccttpgag paagcatoct
aategccteg agtoctacac tgaggacagt
gagegoeotge aggatgagga agecageatg
ctacttctge sgattgacat tttacagect
cotcapgttte tttttgasag tgagaacaga
aatcaactaa aatggctgga tagaattetg
cagttgatca gtegttectoc cgteaactta
atcctaggee attcccagea tgotaatgig
aatacttcce tgactpgttec aattttegat
ttectgteca agatccgeca gttggtgatg
tteoctgtga ttgtaaagtt cottetteat
atteccgage ttcggegagaa cttgaacgtc
gcttcccaaa goaaattgaa aagtaaagga
agteataaag actgtatigt tottgtottt
aaaaccattt cagaggectg gtttaageca
aagectttgg acegtgegteat gotgetoate
ggoptgeaga agetgetgag aaacaagatt
gacagtgeet tctectacaca ttacctgett
ctggetecaga cttigtttca ctctcaagac
tacaaatatg otfttaagtt ttttgatact
gtcacccatg tetgeagtee gactgagget
gagcetgattg tgctaaacge ctotgctatg
ttagattatt tgpaaaatat gtccccteag
actcttgcat ttagccaaca goccggaace
gteatccgga ageagototc tagcactgte
goagteacca tggecggcat catggoggaa
aggagegoca atgtgageag tgagcagege
cattcttgea ctgagcactc tocttgggee
ctgatccaag aaaggaagtt ggeiccaaaa
aatgatttcc aagatgcctt tgtggtagac
tttoctetga aagcgcteta tgpactpeaa
aacctcetge cgotgttota tcaggaatet
gaatcgagee agagatcaat gtottotttg
ctttgcetes caagacaaca tgatggaaac
cecetgttee tecotgacet ggaacctgga
cgttcgetta tgtetteect cacattocta
gocttetgce aacaaacatc tecctgagateg
cttgtagaac ttcagegaat cctagagaag
cotttopcaa gegttgactt ggacacttta
goagoaaaaa acagaaacaa EEEAAaFace
aaagcatcot gttcggacac acttctaaca
tetegegagaa gccacgtaga caaggagtee
ctgeagaatt accgegettt titccgagag
tctggactte tgaccaagtt catcttagac
gtacagctge gpectgetga gotpgetotte
aatatgetiga ctgctecttt tgecaagaga
aatattggct tctcacatct tcatcagaga
cagcetgetaa ccccgatgte taaccatcig
getectgage atctcagtge agatpacaag
atggcotget gotaccagaa gotgetgeag
tttactcacc aatcaaagea cogectootg
ctaaagcaga tggaacagga ccagecctig
ttegcagaact tccaccatag tgttcccagt
ctgatgecce tictgeagaa gtetgcagta
ctggccaaac agetecttte ccgagcatge
tttaatgacc acctgcatea tgtectttac
aaggccatag aggagatvac tggtettest
geogecteet ctacattooc tacgtteace
atgatggetg aactcgagaa gacggtgaag
cagcaggttc acgaagagaa gotcctetat
cttytcaate tgatgaaagt attteacagt
ggccgtoget ttgtggagec atttctgaag
agaaagcatc gggaagatet tctgagctig
ctteatcace tttgtggaca ctecaagatt
cctttactca aaaagtcact ggaactgtta
aacaactgta gagaggcttt ctggtigest
gaaattattt cccaggatec ctottectea
gteacatctc acgtcticcag gaacagagca
gaacagaagg accaggacag tgatgaaagt
tzgeteccet getcacctet gacagactot
gtttttetag tcagaagcat cotpgtttgte
agtggegtttc acagegttgtc taacctccag

(135)

tttgtaaage ttcttaagec ttcaggactc 240

ctagetgtege atcaggtaat cttccaaagg 300

gcttatccca aagtaataga agagttitett 360

gagagtctca ggaactgect gotgtettpt 420

gecacatttt actccaagag tctgatcaag 480

gocattatea aaatgttatt tgaaaaagtg 540

gatggaatca acatgegccag actcattatc 600

gatggcaage acctcacggc ccagatgatg 660

cageatgact tcatcacgag ccttoctgaa 720

geganagage ttegegaget goteggtgcag 780

gtettttcca gtotcogact tgaccccaac 840

ggcaagetgt catctgtceg tctagaggat 900

tctegtaacag acaccacttic cottgaggtc 960

cagcagttta ttttecogte acgaattcag 1020
ctagcaaget cttcaggaaa tcaagagaac 1080
gatgtaataa agtcagccat tagatatgag 1140
attgaacgca ttgagtccegc gegctegaacat 1200
atctacagca ccagcacgea gaccaagaag 1260
cagtcagact geattcaaga acagctgett 1320
cttaaggata tttgoccatec tattettite 1380
cagaggatca ttttgtttege cagtettete 1440
tactgccage aggaagtggt tggtgoccta 1500
gaagtcegaca ctgcactegga tegtoctectz 1560
aggoteaate ctgettttet taagggcate 1620
caaatacgaa aaatcttctg tattctcage 1680
agcaaccata tccaggacea catgcacctz 1740
ttcaagtaca agotcattge gatcatiget 1800
gacagaagtg taccatctaa ctcatcccag 1860
acacaggtga cttctttect acaactagtt 1920
tettotetpt attatgatga atttgccaac 1980
accttggagt gmettgesca gaccatctic 2040
tteteteote ctocagagee tegactttoca 2100
gagtacageca ctcaagacgg cattgteatc 2160
gcaaaagatg ccagtcgage gacatcacaa 2220
tecctgectt cocatttoce gotpctpaga 2280
ttggatgaga togatggtet cttagattgt 2340
gagaaactgg agtccatgtc tgctaaagac 2400
actttcaact ggttccgapa gettgtgaat 2460
aagegcaagg ttottagtcg gotaaaggac 2520
tacttggcag tcatcccaga ctatgttccg 2580
gatatgatge ctaggagcag ttotgetgtt 2640
Egegsaaaga aacaaaaage tgatagcaac 2700
gaagacactt cagagtgtga catggcgcca 2760
acagggaagg aaggaaagac gtttgtgtca 2820
ctggacatte aggtcttctc tattctacat 2880
actgaaatgc acactgaage tacagaggtc 2940
ttgctggaag atctttccca gaagctagag 3000
atctgotect ttaagaataa aggaaggcag 3060
totetecapge acattetszea ctgteteett 3120
gagaacattc acaacttott tcagtegctta 3180
gopgagagcga cagetcagga goagcacacc 3240
gtettgeaceg cectottiec gtegaaggga 3300
cactcageoe tteagegtect ctogaaccga 3360
gaggaactgg tcagccagag cttoagttac 3420
ttccagtgte gtototacoct totcagactt 3480
cctaaccaga agaaagaaaa acttgoctct 3540
cctcatgees aanaagagaa gaaccccact 3600
atctacttee agcacacaga caatpgttcteg 3660
gtoccagaac tggtoagtge tocgaaagac 3720
grecacacct ttgtecatatt cttocgtgtg 3780
ggtetycage ctggeacage agcagattog 3840
tkgaacateg ctgtcogaga tttcagyatc 3900
tatcctettc tecatetete tttaaagtat 3960
caatgtatge cactcctega cttcagettt 4020
ctegcaaacce ttcagttgaa cacgaggcta 4080
cgccaggaca caagactoac caagoaygtg 4140

JP 2010-246550 A 2010.11.4

gtttgecagag tcaaagccat gottgtocte 4200 -

actctcaaaa accgagactt acagggtgaa 4260
gagagcaatg cagaggacag tgaggatgge 4320
acagageate gggaagatga agcaagtgat 4380
gacgacaget coagttagag copagteeca 4440
catctcttte geggtttgaag tcagatgtot 4500
catcaagaag geegtptttat ttaattccoe 4560
gteootgett caggagtcca gtgtageate 4620
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catcgttgac taggaygaac atggctegge tgcagtgcag tkcagtgeag gtgccctage 4680
tgegcottee getttteaaa ctaasattta gecttataat agotttgtaa ataaatetet 4740
ttcagagttt tpocctcaget acctttttec tcactttaga tgtgattatt caaggatctc 4800
attattcaag gattagetaa tattgagttg aggtttgtec aatcgtactg stggoctaaa 4860
agtatgttec gtactgttat cttcoctggag gaatgaccca actttcttat caatgatcaa 4920
gtetttgett tpgtetetgt caggetotet ttacatagtc ctggotggtg tgttattaga 4980
tatgttgacc aggaggetet tgaacattac ttttgaattt taaacatitt tgtacatatg 5040
tgtatgepca tatatgtgec actetgcata tgtgtagstc agaggatage ttatgegagt 5100
gagetoctote cttocaccat gtgggttoca pegttcasac tctagacctt cacctgetca 5160
gecaccttac cottttaaaa tgtttggtta ttaatatata aaageaagga agacaacatc 522(
aaacatgtgec tggctttpta tetatatata gtttttattt ccacattaat ttgaattatg 5280
cotataatat atttgtaata atcatacaaa ataattgtaa tttattagaa atagaacatc 5340
aggagttaaa atagggeatt cttotgtett ctpecaggaa goccagtetc agagatgete 5400
ccaggetett cctopetetg cocattaagat tatttaattt ttgttaatat ttttactcat 5460
gg?ggtgtta aagttatgtt ttetigeaaz aaaaaaaaaa aaaaaaaaaa aaaaaa 5516
<2115 14

<212> DNA

<213> Homo sapiens

{2205

<221> MISC_FEATURE

222> (1)..(4)

<223> Intron/Exon Junction of FANCD

<400> 9 )
teggteagta agte 14

Q210> 10
Q1 14
<212> DNA
<{213> Homo sapiens

220>

<221> WiSC_FEATURE

222> (1).. (4

€223> Intron/Exon Junction of FANGD

<400> 10
ccagtaagta tota 14

<2100 11

Q211> 14

<212> DNA

<213> Homo sapienss

<2200

<221> WISCG_FEATURE

Q22> (1)..(14)

<223> Intron/Exon Junction of FANCD

<400> 11
taggtaatat ttta 14

<210 12

Q> 14

<212> DNA

<213> Homo sapienss

L2200

<221> MISC_FEATURE

222 (1).. Q4

<223> intron/Exon Junction of FANGD

<400> 12
aaagtatgta ttit 14

<2100 13

211> 14

<212> DNA

<213> Homo sapiens

<2205
€221> WISC_FEATURE

~—L(16)



(137)

22 (.. (4
<223> Intron/Exon Junction of FANCD

<400 13
caggtgtgga gagg 14

<2100 14
211> 14
<212> DNA
<213> Homo sapiens

<220>

<221> WISG_FEATURE

222> (1)..(14)

€223> Intron/Exon Junction of FANCD

400> 14
caggtaagac tgte 14

<2100 15

Q11> 14

<212> DNA

<{213> Homo sapiens

<2200

<221> MISC_FEATURE

Q222> (1).. (14

<223> Intron/Exon Junction of FANCD

<400> 15
aaagtaagtg gogt 14

<210> 16

<11> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

Q222 ). (14

<223> Intron/Exon Junction of FANCD

<400> 16
aagetagect tate 14

210> 17

Q211> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (1).. (4

<223> intron/Exon Junction of FANCD

<400> 17
cagegteggata aace 14

<210> 18

211> 14

<212> DNA

<213> Hemo sapiens

220>

<221> MISC_FEATURE

22 ()., (4

<223> intron/Exon Junction of FANGD

<400> 18
aagetagaaa agac 14

<210> 19
211> 14
<212> DNA

A—=Z(17
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<213> Homo sapiens

220>

<221> WISC_FEATURE

2% (1).. (14

€223> Intron/Exon Junction of FANCD

<400> 19
gagetategct ctta

210> 20
Q1> 14
<212> DNA
<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (1).. (148

<223> |ntron/Exon Junction of FANCD

<400> 20
aaggtaaaga golc

210 21

<211 14

<212> DNA

<213> Homo sapiens

220>

<221> WiSC_FEATURE

222> (1).. (14

<223> Intron/Exon Junction of FANGD

<400> 21
aageigagat ottt

<210> 22

<211> 14

<212> DNA

<213> Homo sapiens

Q20>

<221> MISG_FEATURE

22> (). (4

<223> Intron/Exon Junction of FANCD

<400> 22
aaggtaatet tcat

< 23

{2110 14

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

<22Z> (1).. (14

<223> Intron/Exon Junction of FANCD

<400> 23
ttagtaagtg tcag

210> 24
Q11> 14
<212> DNA
<213> Homo sapiens

<220>

<221> WISC_FEATURE

222> (1}.. (14)

<223> Intron/Exen Junction of FANCD

<400> 24
caggtatgtt gaaa

(138)

14

14

14

14

4

14
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<2100 25

211> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISG_FEATURE

222> (.. (14)

€223> Intron/Exon Junction of FANCD

<400> 25
aagegtatett atteg

<210> 26

1> 14

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (.. (14)

<223> Intron/Exen Junction of FANCD

400> 26
cagettagag peaa

<2100 27

21> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (1).. (4

€223> Intron/Exon Junction of FANCD

<400> 27
caggtacacg tgga

<210> 28

<211> 14

<212> DNA

<213> Homo sapiens

<220>

221> MISC_FEATURE

222> (1).. (14)

<223> Intron/Exon Junction of FANCD

<400> 28
cagetegagtt ctit

210> 29

<> 14

<212> DNA

£213> Homo sapiens

220>

221> WISC_FEATURE

222 .. (4)

223> Intron/Exon Junction of FANGD

<400> 29
ciggtaaage caat

21> 30
Q1> 14
<212> DNA
<213> Homo sapiens

<2205
<221> MISC_FEATURE
<222> (1)..(14)

(139)

14

14

14

14
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<223> Intron/Exon Junction of FANCD

<400> 30
agggtaggta ttgt

Q210 3

211> 14

<212> DNA

<213> Homo sapiens

{2200

<221> WISG_FEATURE

Q2 (1).. 48

€223> Intron/Exon Junction of FANCD

<400> 31
aaagtcagta tagt

L2100 32

211 14

<212> DNA

<213> Homo sapiens

{220>

<221> MISC_FEATURE

22 (1).. (4

€223> Intron/Exon Junction of FANCD

<400> 32
taggtatgog atga

<210> 33

211> 14

212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

Q22> (1)..(14)

<223> Intron/Exon Junction of FANCD

<400> 33
gagetegagea gagt

210> 34

Q11> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (.. (14

223> Intron/Exon Junction of FANCD

<400> 34
cagegtaagag aagt

<210> 35

211> 14

<212> DNA

<213> Homo sapiens

<2200

<221> WISC_FEATURE

222> (1).. (4)

<223> Intron/Exon Junction of FANCD

<400> 35
tagetaagta tett

<210> 36

211> 14

<212> DNA

<213> Homo sapiens

(140)

14

14

14

14

14

14
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<220>

€221> MiSC_FEATURE

222 (1).. (14)

<223> Intron/Exon Junction of FANCD

<400> 36
aaggtattgg aatg

Q10> 37

21> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

<222 (). (4

<223> Intron/Exon Junction of FANCD

<400> 37
gaagtaagtg acag

<210> 38

211> 14

<212> DNA

<213> Homo sapiens

220>

€221> MISC_FEATURE

222> (1).. (4

<223> Intron/Exon Junction of FANCD

<400> 38
aagettagte tagg

<210> 39

Q211> 14

<212> DNA

<213 Homo sapiens

<2205

<221> MI1SC_FEATURE

222> (.. (14

<223> Intron/Exon Junction of FANCD

<400> 39
caggtcagaa goct

<210> 40

211> 14

<212> DNA

<213> Homo sapiens

<220>

221> MISG_FEATURE

22> (1).. (14)

223> Intron/Exon Junction of FANCD

<400> 40
ttgptaasta tgtg

210> 41

Q211> 14

<212> DNA

<213> Homo sapiens

<2207

<221> MISC_FEATURE

222> (.. (4

<22%> Intron/Exon Junction of FANCD

<400> 41
caggtegagtc atae

(141)

14

14

14

14

14

14
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<2100 42

211> 14

<212> DNA

<213> Homo sapiens

<220>

<221> MISC_FEATURE

22 (.. (%

<223> Intron/Exon Junction of FANCD

400> 42
ttegegtgatgg ecct

<210> 43

211> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (.. (4

£223> Intron/Exon Junction of FANCD

<400> 43
ctggtegagat gttt

210> 44

211> 14

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

<222y (1).. Q4 ,

€223> Intron/Exon Junction of FANCD

<400> 44
caggtaagge agtt

210> 45

211> 14

<212> DNA

<213> Homo sapiens

{220

<221> MISC_FEATURE

Q2 (1).. (4

<223> Intron/Exon Junction of FANCD

<400> 45
caggtgagta agat

<210> 46

<> 14

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

<22 (1)..(14)

<223> tntron/Exon Junction of FANCD

<400> 46
aaggtgagta tgga

<210> 47

Q11> 14

<212> DNA

<213> Homo sapiens

{2200

221> MISG_FEATURE

222> (1).. 04

<223> intron/Exon Junction of FANCD

(142)

14

14

14

14

14
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<400> 47
aaggipgagag attt

210> 48

Q1> 14

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (1).. (4

<223> Intron/Exon Junction of FANCD

<400> 48
cgggtaagag ctaa

L2100 49

211> 14

<212> DNA

<213> Homo sapiens

<2200

<221> MISC_FEATURE

22 (.. 4

£223> Intron/Exon Junction of FANCD

<400> 49
aaggtaagaa gEgg

<10> 50
<1> 14
<212> DNA
<213> Homo sapiens

<220>

<221> WISC_FEATURE

222> (1).. (4

<223> Intron/Exon Junction of FANCD

<400> 50
cagetaagec tteg

<210> 51

<21> 14

<212> DNA

<213> Homc sapiens

220>

<221> MISC_FEATURE

222> (1).. (4

<223> Intron/Exon Junction of FANGD

<400> 51
gagegtatctc taca

210> 52

Q11> 23

<212> DNA

<213> Homo sapiens

220>

<221> WISG_FEATURE

222> (1)..(23)

€223> Intron/Exon Junction of FANCD

<400> 52
gtttcocgat tttgctetag gaa

<210> 53

2> 23

£212> DNA

<213> Homo sapiens

(143)

14

14

14

14

23
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(144)

220>

<221> W SC_FEATURE

222 (1)..(23)

€223> Intron/Exon Junction of FANCD

<400> 53
gaaaattttt ctattttcag aaa 23

<210> 54

<1> 23

<212> DNA

<213> Homo sapiens

<2200

<221> MISG_FEATURE

<22 (1).. (@2

<223> Intron/Exon Junction of FANCD

<400> 54
ctottetttt ttotgeatag ctg 23

{210> 55

1> 23

<212> DNA

<213> Homo sapiens

<2200

<221> WISC_FEATURE

<2227 (1).. (23)

<223> Intron/Exon Junction of FANGCD

<400> 55
attttttaaa tctcottaag ata 23

<2105 56

21> 23

<212> DNA

<213> Homo sapiens

2200

<221> MISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 56
gatttotttt ttttttacag tat 23

<2100 57

Q21 23

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 57
coctatgtet tottttttag cot 23

<210> 58

211> 23

<212> DNA

<213> Homo sapiens

2200

<221> MISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANGD

<400> 58
ttctottect aacattttag caa 23

<210> 59
=24
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211> 23
<212> DNA
<213> Homo sapiens

Q220>

<221> MISG_FEATURE

222> (.. (23

<223> Intron/Exon Junction of FANCD

<400> 59
aatagtgtet tctactgcag gac

<210> 60

21> 23

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

22> (.. @29

{223> Intron/Exon Juncticn of FANCD

<400> 60
tottttteta ccattcacag tga

<210> 61

<> 23

<212> DNA

<213> Homo sapiens

<220>

<221> WISC_FEATUYRE

222> (1)..(23)

<223> Intron/Exon Junction of FANCD

400> 61
totgtgottt taatttttag gtt

<210> 62

211> 23

<212> DNA

<213> Homo sapiens

<220>

<221> WISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 62
ctaatattta ctttctecag gta

<210> 63

11> 23

<212> DNA

<213> Homo sapiens

<2205

<221> WiSC_FEATURE

02> (.. 2%

<223> Intron/Exon Junction of FANCD

<400> 63
tteotototg ctacttetag tte

<210> 64

<211 23

<212> DNA

<213> Homo sapiens

{2200

<221> MISG_FEATURE

222 (1).. (23

<223> intron/Exon Junction of FANCD

(145)

23

23

23

23

23
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<400> 64
actctctcot gttttitcag gea 23

<210> 65

Q211> 23

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 65
tgcatattta ttgacaatag gtg 23

210> 66

Q11> 23

<212> DNA

<213> Homo sapiens

<2200

<221> MISC_FEATURE

222> (1).. 2%

<223> Intron/Exon Junction of FANCD

400> 66
tetactette cccactcaag gtt 23

<2 67

<2 23

<212> DNA

<213> Homo sapiens

<2205

<221> WMISC_FEATURE

<2225 (1).. (23)

<223> Intron/Exon Junction of FANCD

<400> 67
gttgactcte cectgtatag gaa 23

<210> 68

211> 23

<212> DNA

<213> Homo sapiens

22

<221> WISC_FEATURE

222> (1).. 23

£223> Intron/Exon Junction of FANCD

<400> 68
tggeatcatt ttttccacag gge 23

<210> 69

{1 23

<212> DNA

<213> Homo sapiens

<220>

<221> MISC_FEATURE

Q222> (1)..(23)

{223> Intron/Exon Junction of FANGCD

<400> 69
tcttecatcat ctcattgcag gat 23

2100 70

Q21> 23

<212> DNA

<213> Homo sapiens

<220>

+*

N—
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<221> MISC_FEATURE
222> (1)..(23)
€223 Intron/Exon Junction of FANCD

<400> 70
aaaaaattct ttetttttag aag

Q21 N

211> 23

<212> DNA

<213> Homo sapiens

<2205

<221> MiSC_FEATURE

222 (1).. 2%

<223> Intron/Exon Junction of FANCD

400> Tt
attecttecte tttgectecag gig

<2100 72

1> 23

<212> DNA

<213> Home sapiens

<220>

<221> WISG_FEATURE

222> (1)..{(23)

<223> Intron/Exon Junction of FANCD

<400> 72
tegtttgtttg cttectgaag gaa

<2100 73

211> 23

<212> DNA

<213> Homoc sapiens

<2200

<221> MISC_FEATURE

Q2> (1)..(23)

<223> Intron/Exon Junction of FANCD

<400> 73
attctegttt ttetocgoag tga

210> 74

211> 23

<212> DNA

<213> Homo sapiens

Q2200

<221> MISC_FEATURE

222> (1).. @2

<223> |ntron/Exon Junction of FANCD

<400> 74
aatttatttc teccttetcag att

210> 75

Q211> 23

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (1)..(23)

<223> Intron/Exon Junction of FANCD

<400> 75
aaatgtttet tetctctecag att

<210> 76
(VAP

(147)

23

23

23

23

23

23
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<212> DNA
<213> Homo sapiens

<220>

<221> MISC_FEATURE

222> (.. 23

<223> intron/Exon Junction of FANCD

<400> 76
atetaattte tactttecag att

210> 77

211> 23

<212> DNA

<213> Homo sapiens

<2200

221> WISC_FEATURE

222> (.. (2%

<223> Intron/Exon Junction of FANCD

400> 77
cageetgotg tttgtttcag tca

<210> 78

2 23

<212> DNA

<213> Homo sapiens

{2200

<221> WISG_FEATURE

<222 (1)..(23)

<223> Intron/Exon Junction of FANGD

<400> 18
ttectettttt aatataaaag aaa

<210> 79

Q11> 23

<212> DNA

<213> Homo sapiens

<2200

<221> WISC_FEATURE

222> (1).. (2%

<223> Intron/Exon Junction of FANGD

<400> 79
ttgetgtgac ttecccatag gaeg

<210> 80
A 23
<212> DNA
<213> Homo sapiens

Q200

<221> MISC_FEATURE

222> (1).. (23

€223> Intron/Exon Junction of FANCD

<400> 80
tectttocte catgtgacag got

<210> 81

<> 23

<212> DNA

<{213> Homc sapiens

<220>

<221> MISC_FEATURE

222 (.. 2

<223> Intron/Exon Junction of FANCD

(148)
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<400> 81
taactectgca tttattatag aac

£210> 82

<C1 22

<212> DNA

<213> Homo sapiens

220>

<221> WISC_FEATURE

222> (1).. 2%

<223> Intron/Exon Junction of FANGD

<400> 82
aaaatcattt ttatttttag tgt

<210> 83

211> 23

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 83
tcttacctte acttecttag gag

<210> 84
11> 23
<212> DNA
<213> Homo sapiens

L2202

<221> MISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 84
tttttcttet ctecttacag cca

<210> 85

2015 23

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

202 (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 85
tttgtcttet tttctaacag ctt

<210> 86

211> 23

<212> DNA

<213> Home sapiens

<2200

<221> MISC_FEATURE

222> (1)..(23)

<223> Intron/Exon Junction of FANCD

<400> 86
atatttgact ctcaategcag tat

<210> 87

Q> 23

<212> DNA

<213> Homo sapiens

<220>

(149)
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<221> MISC_FEATURE
222> (1).. (2%
<223> intron/Exon Junction of FANCD

<400> 87
atgettttec cgtettctag gea

<210> 88

211> 23

<212> DNA

<213> Homo sapiens

220>

<221> MiSC_FEATURE

222> (1).. (23

€223> Intron/Exon Junction of FANCD

<400> 88
catatatttg gcteccocag att

210> 89

<211> 23

<212> DNA

<213> Homo sapiens

220>

<221> MISC_FEATURE

222 (1)..(23)

<223> Intron/Exon Junction of FANGD

<400> 89
cttgtotttc acctetecag gta

<2100 90

21> 23

<212> DNA

<213> Homo sapiens

<2200

£221> MISC_FEATURE

222> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 90
agtetgtete tottctteag tat

<2100 N

211> 23

<212> DNA

<213> Homo sapiens

<220>

221> MISG_FEATURE

222> (1)..(23)

<223> Intron/Exon Junction of FANCD

<400> 91
tatasactta ttggttatag gaa

210> 92

Q201> 23

<212> DNA

<213> Homo sapiens

<2200

<221> WISC_FEATURE

Q22> (1).. (23

<223> Intron/Exon Junction of FANCD

<400> 92
tegttatttat ttccattcag att

<210> 83
N> 23

(150)
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(151)

<212> DNA
<213> Homo sapiens

<220>

<221> WISC_FEATURE

222> (1).. (23

{223> Intron/Exon Junction of FANCD

<400> 93
cttggtecat tcacatttag ggt

<210> 94

211> 23

<212> DNA

<213> Homo sapiens

220>

221> MiSC_FEATURE

222> (1).. 23

<223> Intron/Exon Junction of FANCD

<400> 94
atttattett tgccccttag gat

<0> 95

211> 33

<212> DNA

213> Artificial Sequence

220>
<223> DF4EcoR|

<400> 95
agcctogaat tcogtttccaa aagaagactg tea

210> 96

Q211> 3%

<212> DNA

<213> Artificial Seguence

<2205
<223> DR816Xh

<400> 96
getatoctcg agtcaagacy acaacttatc catea

<H0> 97

<211> 18

<{212> DNA

{213> Artificial Sequence

<220
<223> MG4T1

<400> 97
aatcgaaaac tacgggcg

<210> 98

<21 20

<212> DNA

213> Artificial Seguence

<220>
<223> WG457

<400> 98
gagaacacat gaatgaacge

<210> 99

Q211> 28

<212> DNA

{213> Artificial Seguence

<220>
R—230N
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<223> MG492

<400> 99
gecgacgect totopggaagt aatttaag

<210> 100

211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> MG472

<400> 100
agcggoagga getttatg

<210> 101

<211> 18

<212> DNA

{213> Artificial Sequence

<2200
<223> MG474

<400> 101
tggcgegeaga cagaagte

<210 102

211> 18

<212> DNA

<213> Artificial Sequence

<2205
<223> MG475

<400> 102
tggceecaga cagaagtg

<2100 103

11>

<212> DNA

<213> Artificial Sequence

<220>
<223> MG49

<400> 103
agagagccaa cotgagegat g

<210> 104
211> 18
<212> DNA
<213 Artificial Segquence

<220>
<223> MG476

<400> 104
gtegccagact ctegetege

<210> 105
Q1> 0
<212> DNA
213> Artificial Sequence

<220>

<223> MGT792

<400> 105

aggagacacc cttcctatceo
<210> 106

Q21> 20
<212> DNA

(152)
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<213> Artificial Sequence

<220>
<223> ¥G803

<400> 106
gaagttggca aaacagacte

Q210> 107

Q21 2

<212> DNA

<213> Artificial Sequence

<220>
<223> MG924

<400> 107
tgtottgtga gogtoctecag g

<210> 108

211> 20

<212> DNA

<213> Artificial Seguence

<2207
<223> MG753

<400> 108
aggttttpat aatggcagge

<210> 109
Q211> 24
<212> DNA
<213 Artificial Seguence

<220
<223> MG979

<400> 109
actggactet goctacccac tatg

<210> 110

<211> 20

<212> DNA

<213> Artificial Sequence

<2207
<223> MG984

<400> 110
cctetetgag gatpgagetet

<2100 111

211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> R302%

<400> 111
ttcteccgaa geteag

210> 112

Q21 17

<212> DNA

<213> Artificial Sequence

220>
<223> R1236H

<400> 112
tttettcegt gtgatga

(153)

_R—3(33)
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(154) JP 2010-246550 A 2010.11.4

<0> 113

211> 33

<212> DNA

€213> Artificial Sequence

<220>
<223> DF4EcoRI

<4005 113
agcctcgaat togtttocaa aagaagactg tcea 33

<210 114
211> 35
<212> DNA
{213 Artificial Seguence

<2205
<223> DR816Xh

<400> 114
getatcctcg agtcaagacg acaacttatc catca 35

<210> 115
Q1> 20
<212> DNA
<213> Artificial Sequence

<2205
<223> MG914

<400> 115
ctagcacaga actctgetes 20

L2100 116

211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> NGad7

<400> 116
ctagcacaga actctgetec 20

<210 117

211> 24

<212> DNA

{213> Artificial Seguence

<2200
<223> MG746

<400> 117
cttcagcaac agcgaagtag toig 24

<2100 118
Q11> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> MG747

<400> 118
gattctcage acttgaaaag cagg 24

Q210> 119

211> A

<212> DNA

<213> Artificial Sequence

<2205
<223> MGT73

_R— (34



<400> 119
geacacatca gttttectet ¢

<2105 120
Q211> 20
<212> DNA
<213> Artificial Seguence

<220>
<223> MG789

400> 120
gaaaacccat gattcagtco

<10 11
211> 20
<212> DNA
£213> Artificial Sequence

<220>
<223> MG816

<400> 121
tcatcaggca agaaacttgg

<210> 122

211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> MGBO3

<400> 122
gaagttgeca aaacagacte

<210> 123
Q11> 20
<212> DNA
213> Artificial Sequence

<220>
<223> MG804

<400> 123
gagecatetg cteatttetg

<210> 124
211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> MG812

<400> 124
cocgetattt agacttgage

<210> 125

<> 2

<212> DNA

<213> Artificial Sequence

<2207
<223> WGT75

<4000 125
caaagtgttt attccageag c

210> 126

211> 22

<212> DNA

<213> Artificial Sequence

(155)
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<220>
<223> MG802

<400> 126
catcaggeta ctitgaacat tc

210> 127

21 22

<212> DNA

<213 Artificial Sequence

<2207
<223> MG727

<400> 127
ttgaccagaa aggotcagtt oo

<210> 128

<H1> 23

<212> DNA

<213> Artificial Sequence

<2207
<223> MGE915

<400> 128
agatgatgec agagpettita tce

<210> 129

<211> 20

<212> DNA

<3 Artificial Sequence

220>
<223> MG790

<400> 129
tecccagetc tgttcaaace

<2100 130

211> 20

<212> DNA

{HN3> Artificial Sequence

<220>
<223> MG774

<400> 130
aggcaatgac tgactgacac

210> 131

<> 23

<212> DNA

<213> Artificial Sequence

220>

<223> MGBOS

400> 131

tezcceptota titttgatga age

Q2100 132

Q211> AN

<212> DNA

<213> Artificial Sequence

<2200
<223> NG9

<400> 132
tctcagttag tetegegggaca g

<210> 133
211> 2

(156)
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<212> DNA
<213 Artificial Sequence

<2206
<223> MG751

<400> 133
tcatggtaga pagactggac tgtge

210> 134

Q1 A

<212> DNA

<213> Artificial Sequence

<220>
<223> MGY72

<400> 134
accctggage aaatgacaac ¢

<210> 135

Q21 21

<212> DNA

<213> Artificial Sequence

<2205
<223> MG973

<400> 135
atttgctcca ggetacatee ¢

<210> 136

<211 22

<212> DNA

<213> Artificial Seguence

<220
<223> MG974

<400> 136
gaaagacagt gggaaggeaa gc

<210> 137

211> 23

<212> DNA

{213> Artificial Sequence

{2200
<223> MG975

<400> 137
gggagtgtet gegaacaaatg agc

<210> 138

11> 25

<212> DNA

<213> Artificial Sequence

<2205
<223> MGg76

<400> 138
agtttctaca ggetggtect attec

<210> 139

Q1 2

<212> DNA

213> Artificial Seguence

<220>
<223> WG755

<4000 139
aacgtggaat cccattgatg ¢

(157)
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<H0> 140

211> 20

<212> DNA

{213> Artificial Sequence

<220>
<223> WG730

400> 140
tttetgtgtt coctectige

<2100 141
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> MG794

<400> 141
patggtcaag ttacactgec

<210> 142

<H1> 24

<212> DNA

213> Artificial Sequence

<220>
{223> WG718

<400> 142
cacctcocac caattatagt atte

<2100 143

<21 23

<212> DNA

{213> Artificial Seguence

<220>
<223> MG8OB

<400> 143
ctatgtgtet ctettttaca geg

<210> 144

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> MGB17

<400> 144
aatotttece accatattge

210> 145
211> 20
<212> DNA
<213> Artificial Seguence

<220>
<223> MGT79

<400> 145
cataccttet tttgetetec

<210> 146

211> 23

<212> DNA

<213> Artificial Sequence

{220>
<223> MG785

(158)

_R—(38)

20

20

24

23

20

20

JP 2010-246550 A 2010.11.4



<400> 146
ccacagaagt cagaatctoc acg

<210> 147

211> 20

<212> DNA

<213> Artificial Sequence

<2205
223> MG731

<400> 147
tgtaacaaac ctgcacgtig

210> 148

Q1M 23

<212> DNA

<213> Artificial Sequence

<2200
<223> MG732

<400> 148
tgotacccaa gecagtagtt tee

<2107 149

211> 22

<212> DNA

213> Artificial Sequence

<2200
<223> MG788

<400> 149
gagtttgeea aagattgeca go

<210> 150

211> 22

<212> DNA

<213> Artificial Seguence

<220>
<223> MG7172

<400> 150
tgtagtaaag cagetctcat ge

<210> 191
Q11> 20
<212> DNA
<213> Artificial Sequence

<2205
<223> MG733

<400> 151
caagtacact ctgcactgee

<210> 152

<211> 23

<212> DNA

<213> Artificial Sequence

220>

223> MG758

<400> 152

tgactcaact tecccaccaa gag

<210> 153
211> 24
212> DNA
<213> Artificial Seguence

(159)
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<220>
<223> MG736

<400> 153
ctecoctatgt acgtggagta atac

<210> 154

211> A

<212> DNA

213> Artificial Sequence

2207
<223> MG737

<400> 154
gggagtottg tegggaactaa g

<2100 155

<21 23

<212> DNA

213> Artificial Sequence

<220>
<223> MG780

<400> 155
ttcatagaca tctctcaget otg

<210> 156
<2117 20
<212> DNA
Q13> Artificial Sequence

220>
<223> MG759

<400> 156
gttttegtat cagggaaage

<2100 157
Q11> 20
<212> DNA
<213> Artificial Sequence

<2205
<223> MG760

<400> 157
agccatgctt ggaatttise

<2107 158

<2115 20

<212> DNA

213> Artificial Sequence

220>
<223> MGT81

<400> 158
ctcactggga tgtcacaaac

<210> 159

211> 25

<212> DNA

<213> Artificial Seguence

<220>
<223> WG740

<400> 159
getottgate tetgacttgt atoce

210> 160

(160)
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<211> 25
<212> DNA
{3 Artificial Sequence

<2207
<223> MG741

<400> 160
cctcagtgte acagtgttot ttgte

<210> 161

<211 22

<212> DNA

<213> Artificial Sequence

<220>
<223> MGBO9

<400> 161
catgaaatga ctaggacatt cc

<210> 162
211> 20
<212> DNA
{213> Artificial Sequence

<220>
<223> MG797

<400> 162
ctacccagtg acccaaacac

<210> 163

211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> MG761

<400> 163
cgaaccctta gtttctgaga cec

<210> 164
<2M1> 20
<212> DNA
<213> Artificial Sequence

<2205
<223> NG742

<400> 164
tcagtgectt ggteactgte

<210> 165

Q21 A

<212> DNA

<213> Artificial Sequence

<220>
<223> MGO16

<400> 165
ttgatggtac agactggage ¢

<210> 166

L ARD K]

<212> DNA

<213> Artificial Sequence

220>
<223> MG810

<400> 166

(161)
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aagaaagttg ccaatectpgt tec

<210> 167
211> 20
<212> DNA
<213> Artificial Sequence

<2205
<223> MGT62

<400> 167
agcacctgaa aataaggagg

<210> 168

Q11> 22

<212> DNA

<213> Artificial Sequence

<2205
{223> MG743

<400> 168
geccaaagtt tgtaagtste ag

<210> 169

211 N

€212> DNA

{213> Artificial Seguence

220>
<223> MG787

<400> 169
apgcaagaatg aggtcaagtt ¢

<210> 170
Q11> 24
<212> DNA
<213> Artificial Seguence

<220>
<223> MGBO6

<400> 170
gegeaaaaact ggaggaaaga acte

210> 171

211> 21

212> DNA

<213> Artificial Sequence

<2205
<223> MG818

<400> 171
agaggtagge aaggaageta ¢

<210 172
Q211> 20
<212> DNA
<213> Artificial Sequence

<2207
<223> MGB13

<400> 172
ccaaagtcca cttcttgaag

<0 173
211> 20
<212> DNA
<213 Artificial Sequence

<220>

(162)
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<223> MGBl4

<400> 173
gatgcactgg ttectacate

<210> 174

211> 20

<212> DNA

<213> Artificial Sequence

<220>
{223> MGB36

<4000 174
ccaggacact tggtttotge

210> 175

1> 20

<212> DNA

213> Artificial Sequence

<220>
<223> MG83Y

400> 1715
acactcccag ttggaatcag

<2100 176

Q2115 20

212> DNA

<213 Artificial Sequence

<220
<223> MG8N

<400> 176
cttgtgegca agaaattgag

<2100 177
<2115 20
<212> DNA
<213> Artificial Sequence

<2205
<223> MG829

<400> 177
tgesctggat gagactattc

<210> 178

Q1> 24

<212> DNA

213> Artificial Sequence

<2207
<223> ME870

<400> 178
cocaaggacat atcttetgag caac

210> 119
211> 20
<212> DNA
<213> Artificial Sequence

220>
(223> MG820

<400> 179
tgattatcag cataggctee

<210> 180
211> 20
<212> DNA

(163)
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<213> Artificial Seguence
<220>
<223> Mas1

<400> 180
gatcooccaa tagoaactec

<210> 181

Q21 2

<212> DNA

213> Artificial Sequence

<220>
<223> MG763

<400> 181
cattcagatt caccaggaca ¢

<210> 182
211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> MG782

<400> 182
ccttacatge catctgatge

<210> 183

Q211> 20

<212> DNA

213> Artificial Sequence

<2207
<223> MG764

<400> 183
aaccttotec cotattacce

<210> 184

Q1 22

<212> DNA

<213 Artificial Sequence

<220>
<223> MG835

<400> 184
geaaaatgag apgctataat ge

<210> 185
211> 24
<212> DNA
<213> Artificial Sequence

<220>
<223> MG1006

<400> 185
tgtattccag aggtcaccca gage

<210> 186

211> 22

<212> DNA

213> Artificial Seguence

<2200
<223> MG1005

<400> 186
ccaptaagaa aggcaaacag og

(164)
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{210> 187
<211> 1094
<212> DNA

<213> Artificial Sequence

<2205
<223> FANCD-S. ORF. s

<400> 187

ggagaacaca gecagoctit
ttccatcaaa geattcocag
attttgeaza aatcaacage
caattectet gtegggtete
cagctecateg ctctgctetg
gaggagatte ctagtettpe
tecacattec ctacactgac
gaactagaga agacggtgaa
catgaagaga aactcctota
ttegataaage tatttgatag
tttetegaag catttctgaa
cggpaagateg ttctgagett
tetetegeca ticcaagatt
aaaagaccct gpaacttita
gtagagagge tttctggcts
agtcccaaaa ttoccaggag
cctcoaagag caaagccact
agcaagatag tgatgagagt
cttotgtgte tcaa

<210, 188
211> 1115
<212> DNA

gpaggaacta
tttocagtet
ttctgotcag
gccaagtege
tatctaccteg
tgtcccagaa
caggeatact
aaaaatigag
ctggaacatg
teateotgtt
goaatgtatg
actggaaace
caccaggaca
gtttgcagag
gecaatctaa
agcacageag
gaggatggty
tatgatgact

<213> Artificial Seguence

<2205
<223> FANCD cDNA OR

<400> 188

(165)

ctecagccaga gegtecatta cttgeagaat 60

gototttate tcatcagact tttgatgett 120
aacaaagaaa aaattgcttc ccttegccaga 180
gataaagaga agagoaacat ctctaatgac 240
gagcacacag agagcattct gaaggccata 300
ctgatcaact ctcctaaaga tecatcttec 360
tttgttpttt tettoogtet gatgatgect 420
coctggcacag cagcagactc goagcagatt 480
gotgttegag acttcagtat cctcatcaac 540
ctgcatgtat gtttgaagta tggecgtote 600
cogctoctag acttcapttt tagaaaacac 660
ttccagtteg acacaaggte c¢ttcateace 720
cgagactcac ccaacatgtg cctotgetea 780
tcaaagctat gctcactctc aacaacaatt 840
aaaaccggea cttgcapget gaagagatta 900
atgagagtga ggatgacatg tcatcccagg 960
aagaagacea agtaagtgct ggagaaaageg 1020
ctgattagac cccagataaa tigttgectg }832

ggagaacaca geccagoecttt ggaggaacta ctcagocaga gogtocatta cttgeagaat 60
ttecatcaaa goattcccag tttccagtgt gotoctitatc tcatcagact tttgatgett 120
attttggaga aatcaacagc ttetgctcag aacaaagaaa aaattgetic ccttgccaga 180
caattcctet gtoppgtetg gocaagtggg gataaagaga agagcaacat ctotaatgac 240

cagetccatg ctotgetetg
gaggagatte ctggtatice
tccacattec ctacactgac
gaactagaga agacgetgaa
catgaagaga aactcctota
ttgataaage tatttgatag
tttgtegeaag catttctgaa
cgggaagatg ttctgaectt
tegtgteeggca ticcaagatt
aaaagaccct gpaactttita
gapagpcttt ctggctegec
cccaaaattc ccaggagage
ccaagageaa agccactgag
goattttegtt aattgticta
aaatgettet atgeccattt

<210> 189
<11 52
<212> DNA

tatctaccteg
tegtoccagaa
caggeatact
aaaaattgag
ctggaacatg
teatcctgtt
gcaatgtate
actggaaacc
caccaggaca
gtttgcagag
aatctaaaaa
acagcagatg
gtatctetac
agttggtega
cecattececcte

<213> Artificial Sequence

<2200
<223> Wild-type
<400> 189

gegaagccagg tgtggagagg aggeatggaa tettgetgaa attecagtetg te

<210> 190
211> 52
<212> DNA

<213> Artificial Sequence

gagcacacag agagoattct gaaggccata 300
ctgatcaact ctcctaaaga tgeatettec 360
tttgttettt tcttoogtet gatgateect 420
cctggoacag cagcagactc goagcagatt 480
gotgttogag acttcagtat cotcatcaac 540
ctgcatgtat gtttgaagta tsgecgtete 600
cogctoctag acttcagttt tagaaaacac 660
tteocagttee acacaapgetg cttcatcace 720
cgagactcac ccaacatgtg coctotgetca 780
tcaaagctat gotcactctc aacaattgta 840
acceggactt goagggtegaa gagattaagt 900
agagteagga tgacatgtoa tcccaggoct 960
aaaacccacc agagtctgge actgatggtt 1020
gcagaacttt goctacttat gtttattgtc 1080
cataa 1115

52

~R—T(45)
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L2200
<223> Maternal Mutation

<400> 190
ggaagecgge tetgeapage aggcatggaa tottgcteaa attcagtete to

<210> 19t
<211> 52
<212> DNA
{213 Artificial Sequence

<2205
<223> Maternal Mutation and Reversion

<400> 191
geaagecgee tgteaagage aggcatggaa tcttgeotgaa atteagtetg to

~_R—T (46)

52

52
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We claim:
L. An isolated nucleic acid molecule, comprising: a polynucleotide
selected from

(a) a nucleotide sequence encoding a polypeptide having an aminoacid
sequence as shown in SEQ 1D NO: 4
' (b} a nucleotide sequence at least 90% identical to the nucleotide
sequence of (a);
(¢) a nucleotide sequence complementary to the nucleotide sequence of
®;
(d) a nucleotide sequence at least 90% identical to the nucleotide
sequénce shown in SEQ ID NO: 5-8, 187-188; and
{e) a nucleotide sequence complementary to the nucleotide sequence of
().
2. An isolated nucleic acid molecule according to claim 1, wherein the

polynucleotide is a DNA molecule

3. An isolated nucleic acid molecule of claim 2, wherein the
polynucleotide is cDNA.
4. An isolated nucleic acid molecule according to claim 1, wherein the

polynucleotide is an RNA molecule.

5. An isolated nucleic acid molecule consisting essentially of a nucleotide
sequence encoding a polypeptide having an amino acid sequence sufficiently similar
to that of SEQ ID NO: 4 to retain the biological property of convetsion from a short
form to a long form of FANCD?2 in the nucleus of a cell for facilitating DNA repair.

- 6. An isolated nucleic acid molecule consisting essentially of a
polynucleotide having a nucleotide sequence at least 90% identical to SEQ ID NO: 9-
191 or complementary to a nucleotide sequence that is at least 90% identical to SEQ
D NO: 9-191.

7. An isolated nucleic acid molecule according to claim 6, wherein the
sequence is an intron/exon sequence selected from SEQ ID NO: 9-94 disclosed in
Table 6.

8. An isolated nucleic acid molecole according to claim 6, wherein the
sequence is a PCR primer selected from SEQ ID NO: 115-186 disclosed in Table 7.

9. A method for making a recombinant vector comprising inserting the
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isolated nucleic acid molecule of claim 1 into a vector.
10. A recombinant vector produced by the method of claim 9.
11. A method of making a recombinant host cell comprising:
introducing the recombinant vector of claim 10 into a host cell.
12. A recombinant host cell produced by the method of claim 11.
13. A method of making an FA-D2 cell line, comprising:
(a) obtaining cells from a subject having a biallelic mutation in a
complementation group associated with FA-D2; and
(b) infecting the cells with a transforming virus to make the FA-D2
cell line.
14. A method according to claim 13, wherein the cells are selected from
fibroblasts and lymphocytes.
15. A method according to claim 13, wherein the transforming virus is
selected from Epstein Barr virus and retrovirus.
16. A method according to claim 13, further comprising:
characterizing the FA-D2 cell line by determining the presence of a defective
FANDC2.
17. A method according to claim 16, wherein characterizing the FA-D2
cell line further comprises:
performing a diagnostic assay on the cell line, the diagnostic assay
selected from (i) a Westem blot or nuclear immunofluorescence using an antibody
specific for FANCD2 and (ii) a DNA hybridization assay.
i8. A recombinant method for producing a polypeptide, comprising:
culturing a recombinant host cell wherein the host cell comprises the isolated nucleic
acid molecule of claim 1.
19.  Anisolated polypeptide, comprising an aminoacid sequence selected
from
(2) SEQ ID NO: 4;
(b) an aminoacid sequence at least 90% identical to {(a);
(c) an aminoacid sequence which is encoded by a polynucleotide
having a nucleotide sequence which is at least 90% identical to at least one of SEQ ID
NO: 5-8, 187-188; and
(dya polypeptide fragment of (a) — (d) wherein the fragment is at least

50 aminoacids in length.
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20.  Anisolated polypeptide according to claim 19, encoded by a DNA
having a mutation selected from nt 376 A to G, nt 3707 G to A, nt904C to T and nt
958Cto T.

21.  Anisolated polypeptide according to claim 19, the polypeptide
characterized by a polymorphism in DNA encoding the polypeptide, the
polymorphism being selected from nt 1122A to G, nt 1440T to C, nt1509C to T,
nt2141C to T, nt2259T to C, nt4098T to G, nt4453G to A.

22.  Anisolated polypeptide according to claim 19, the polypeptide
characterized by a mutation at aminoacid 222 or aminoacid 561.

23.  An antibody preparation having a binding specificity for a FANCD2
protein.

24.  An antibody preparation according to claim 23, further comprising:
monoclonal antibodies.

25.  Anantibody preparation according to claim 23, further comprising:
polyclonal antibodies.

26.  An antibody preparation according to claim 23, wherein the FANCD?2
protein is FANCD2-S

27.  An antibody preparation according to claim 23, wherein the FANCD2
protein is FANCD2-L.

28. A diagnostic method for measuring FANCD?2 isoforms in a biological
sample, the method comprising: |

(a) exposing the sample to a first antibody for forming a first complex

‘with FANCD2-L and optionally a second antibody for forming a second complex

with FANCD2-S ; and
(b) detecting with a marker, the amount of the first complex and the

second complex in the sample.

29. A diagnostic method according to claim 28, wherein the sample
comprises intact cells.

30. A diagnostic method according to claim 28, wherein the sample
comprises lysed cells in a ]ysate. '

31. A diagnostic method according to claim 28, wherein the biological
sample is from a human subject with a susceptibility to cancer or having the initial

stages of cancer.
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32. A diagnostic method according fo claim 31, wherein the biological
sample is from a cancer in a human subject, wherein the cancer is selected from
melanoma, leukemia, astocytoma, glioblastoma, lymphoma, glioma, Hodgkins
lymphoma, chronic lymphocyte leukemia and cancer of the pancreas, breast, thyroid,
ovary, uterus, testis, pituitary, kidney, stomach, esophagus and rectum.

33. A diagnostic method according to claim 28, wherein the biological
sample is from a human fetus.

34. A diagnostic method according to claim 28, wherein the biological
sample is from an adult human.

35. A diagnostic method according to claim 28, wherein the biological
sample is selected from: a blood sample, a biopsy sample of tissue from the subject
and a cell line.

36. A diagnostic method according to claim 28, wherein the biological
sample is derived from heart, brain, placenta, liver, skeletal muscle, kidney, pancreas,
spleen, thymus, prostate, testis, uterus, small intestine, colon, peripheral blood and
fymphocytes.

37. A diagnostic method according to claim 28, wherein the marker is a
fluorescent marker, the fluorescent marker optionally conjugated to the FANCD2-L
antibody.

38. A diagnostic method according to claim 28, wherein the marker is a
chemiluminescent marker, the chemiluminescent marker optionally conjugated to the
FANCD2-L antibody.

39. A diagnostic method according to claim 28, further comprising;
binding the first and the second complex to a third antibody conjugated to a substrate.

40. A diagnostic method according to claim 30, wherein the lysate is
subjected to a separation procedure to separate FANCD?2 isoforms and the seperated
isoforms are identified by determining binding to the first or the second FANCD2
antibody. '

41. A diagpostic test for identifying a defect in the Fanconi Anemia
pathway in a cell population from a subject, comprising:

selecting an antibody to FANCD?2 protein and determining whether the
amount of an FAND?2-L isoform is reduced in the cell population compared with
amounts, in a wild type cell population; such that if the amount of the FANCD2-L
protein is reduced, then determining whether an amount of any of FANCA, FANCB,
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FANCC, FANCDI1, FANCE, FANCF or FANCG protein is altered in the cell
population compared with the wild type so as to identify the defect in the Fanconi
Anemia pathway in the cell population.

42. A diagnostic test according to claim 41, wherein determining the
amount of an isoform relies on a separation of the FANCD2-L and FANCD2-S
isoforms. |

43. A diagnostic test according to claim 41, wherein the separation is
achieved by gel electrophoresis.

44. A diagnostic test according to claim 41, wherein the separation is
achieved by a migration binding banded test strip.

45. A screening assay for identifying a therapeutic agent, comprising:

selecting a cell population in which FAND2-L is made in reduced
amounts;

exposing the cell population to individual members of a library of
candidate therapeutic molecules; and

identifying those individual member molecules that cause the amount
of FANCD2-L to be increased in the cell population.

46. A screening assay according to claim 45, wherein the cell population is
an in vitro cell population.

47. A screening assay according to claim 45, wherein the cell population is

an in vivo cell population, the in vivo population being within an experimental

 animal, the experimental animal having a mutant FANCD2 gene.

48. A screening assay according to claim 45, wherein the experimental

animal is a knock-out mouse in which the mouse FAND?2 gene has been replaced by a

human mutant FANCD?2 gene.

49, A screening assay according to claim 45, wherein a chemical
carcinogen is added to the cell population in which FANCD?2 is made in reduced
amounts, to determine if any member molecules can cause the amount of FANCD2-L
to be increased so as to protect the cells form the harmful effects of the chemical
carcinogen.

50.  An experimental animal model in which the animal FANCD2 gene has
been removed and optionally replaced by a nucleic acid molecule of claim 1.

51. A method for identifying in a cell sample from a subject, a mutant

FANCD?2 nucleotide sequence in a suspected mutant FANCD?2 allele which
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comprises comparing the nucleotide sequence of the suspected mutant FANCD2
allele with the wild type FANCD?2 nucleotide sequence wherein a difference between
the suspected mutant and the wild type sequence identifies a mutant FANCD?2
nucleotide sequence in the cell sample.

52. A method according to claim 51, wherein the suspected mutant allele is
a germline allele.

53. A method according to claim 51, wherein identification of a mutant
FANCD?2 nucleotide sequence is diagnostic for a predisposition for a cancer in the
subject.

54. A method according to claim 51, wherein identification of a2 mutant
FANCD2 nucleotide sequence is diagnostic for an increased risk of the subject
bearing an offspring with Fanconi Anemia.

55. A method according to claim 51, wherein the suspected mutant allele is
a somatic allele in a tumor type and identifying a mutant FANCD2 nucleotide
sequence is diagnostic for the tumor type.

56. A method according to claim 51, wherein the nucleotide sequence of -
the wild type and the suspected mutant FANCD2 nucleotide sequence is selected from
a gene, a mRNA and a cDNA made from a mRNA.

57. A method according to claim 51, wherein comparing the
polynucleotide sequence of the suspected mutant FANCD2 allele with the wild type
FANCD2 polynucleotide sequence, further comprises: selecting a FANCD2 probe -
which specifically hybridizes to the mutant FANCD2 nucleotide sequence, and
detecting the presence of the mutant sequence by hybridization with the probe.

58. A method according to claim 51, wherein comparing the
polynucleotide sequence of the suspected mutant FANCD?2 allele with the wild type
FANCD?2 polynucleotide sequence, further comprises amplifying all or part of the
FANCD?2 gene using a set of primers specific for wild type FANCD2 DNA to
produce amplified FANCD2 DNA and sequencing the FANCD2 DNA so as to
identify the mutant sequence. '

59. A method according to claim 51, wherein the mutant FANCD?2
nucleotide sequence is a germline alteration in the FANCD2 allele of the human

subject, the alteration selected from the alterations set forth in Table 3.
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60. A method according to claim 51, wherein the mutant FANCD2
nucleotide sequence is a somatic alteration in the FANCD?2 allele of the human
subject, the alteration selecfed from the alterations set forth in Table 3.

61. A method for diagnosing a susceptibility to cancer in a subject which
comprises comparing the germline sequence of the FANCD?2 gene or the sequence of
its mRNA in a tissue sample from the subject with the germline sequence of the
FANCD? gene or the sequence of its mRNA wherein an alteration in the germline
sequence of the FANCD2 gene or the sequence of its mRNA of the subject indicates
the susceptibility to the cancer.

62. A method according to claim 61, wherein an alteratton is detected in a
regulatory region of the FANCD?2 gene.

63. A method according to claim 61, wherein the detection in the alteration
in the germline sequence is determined by an assay selected from the group consisting
of (a) observing shifts in electrophoretic mobility of single-stranded DNA on non-
denaturing polyacrylamide gels, (b) hybridizing a FANCD2 gene probe to genomic
DNA isolated from the tissue sample, (c) hybridizing an allele-specific probe to
genomic DNA of the tissue sample, (d) amplifying all or part of the FANCD?2 gene
from the tissue sample to produce an amplified sequence and sequencing the
amplified sequence, (¢) amplifying all or part of the FANCD2 gene from the tissue
sample using primers for a specific FANCD2 mutant allele, (f) molecular cloning all
or part of the FANCD?2 gene from the tissue sample to produce a cloned sequence and
sequencing the cloned sequence, (g) identifying a mismatch between (i) a FANCD2
gene or a FANCD2 mRNA isolated from the tissue sample, and (i1) a nucleic acid
probe complementary to the human wild-type FANCD2 gene sequence, when
molecules (i) and (ii) are hybridized to each other to form a duplex, (h) amplification
of FANCD?2 gene sequences in the tissue sample and hybridization of the amplified
sequences to nucleic acid probes which comprise wild-type FANCD?2 gene sequences,
(I) amplification of FANCD?2 gene sequences in the tissue sample and hybridization
of the amplified sequences to nucleic acid probes which comprise mutant FANCD?2
gene sequences, (j) screening for a deletion mutation in the tissue sample, (k)
screening for a point mutation in the tissue sample, (1) screening for an insertion
mutation in the tissue sample, (m) in situ hybridization of the FANCD2 gene of the

tissue sample with nucleic acid probes which comprise the FANCD?2 gene.
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64. A method of diagnosing a susceptibility for cancer in a subject,
comprising:

{(a) accessing genetic material from the subject so as to determine
defective DNA 1epair;

(b) determining the presence of mutations in a set of genes, the set
comprising FAND2 and at least one of FANCA, FANCB, FANCC, FANCDI,
FANCDE, FANDF, FANDG, BRACA1 and ATM; and

(c) diagnosing susceptibility for cancer from the presence of mutations
in the set of genes.

65. A method for detecting a mutation in a neoplastic lesion at the
FANCD?2 gene in a human subject which comprises:

comparing the sequence of the FANCD2 gene or the sequence of its
mRNA in a tissue sample from a lesion of the subject with the sequence of the wild-
type FANCD2 gene or the sequence of its mRNA, wherein an alteration in the
sequence of the FANCD?2 gene or the sequence of its mRNA of the subject indicates a
mutation at the FANCD?2 gene of the neoplastic lesion.

66. A method according to claim 65, further comprising :
determining a therapeutic protocol for treating the neoplastic lesion according to the
mutation at the FANCD2 gene of the neoplastic lesion.

67. A method for confirming the lack of a FANCD2 mutation in a
neoplastic lesion from a human subject which comprises comparing the sequence of
the FANCD2 gene or the sequence of its mRNA in a tissue sample from a lesion of
said subject with the sequence of the wild-type FANCD2 gene or the sequence of its
RNA, wherein the presence of the wild-type sequence in the tissue sample indicates
the lack of a mutation at the FANCD2 gene.

68. A method for determining a therapeutic protocol for a subject having a
cancer, COmprising:

(a) determining if a deficiency in FANCD2-L occurs in a cell sample
from the subject by measuring FANCD?2 isoforms according to claim 25;

(b) if a deficiency is detected int (a) , then determining whether the
deficiency is a result of genetic defect in non-cancer cells; and

(c) if (b) is positive, reducing the use of a therapeutic protocol that
causes increased DNA damage so as to protect normal tissue in the'subject and if (b)

is negative, and the deficiency is contained within a genetic defect in cancer cells



10

15

20

25

30

(175) JP 2010-246550 A 2010.11.4

63

only, then increasing the use of a therapeutic protocol that causes increased DNA
damage so as to adversely affect the cancer cells.

69. A method of treating a FA pathway defect in a cell target, comprising:
administering an effective amount of FANCD?2 protein or an exogenous nucleic acid
to the target.

70. A method according to claim 69, wherein the FA pathway defect is a
defective FANCD?2 gene and the exogenous nucleic acid vector further comprises
introducing a vector according to claim 10.

71. A method according to claim 69, wherein the vector is selected from a
mutant herpesvirus, a E1/E4 deleted recombinant adenovirus, a mutant retrovirus, the
viral vector being defective in respect of a viral gene essential for production of |
infectious new virus particles.

72, A method according to claim 69, wherein the vector is contained in a
lipid micelle.

73. A method for treating a patient with a defective FANCD2 gene,
comprising:

providing a polypeptide described in SEQ ID No: 4, for functionally
correcting a-defect arising from a condition arising from the defective FANCD?2 gene.

74.  Acell based assay for detecting a FA pathway defect, comprising:

{a) obtaining a cell sample from a subject;

(b) exposing the cell sample to DNA damaging agents; and

(c) detecting whether FANCD?2-L is upregulated, the absence of
upregulation being indicative of the FA pathway defect

75 A cell based assay according to claim 74, wherein amounts of
FANCD?2 are measured by an analysis technique selected from: immunoblotting for
detecting nuclear foci; Westem blots to detect amounts of FANCD?2 isoforms and
quantifying mRNA by hybridising with DNA probes.

76.  Akit for use in detecting a cancer cell in a biological sample,
comprising:

(a) a primer pair which binds under high stringency conditions to a
sequence in the FANCD?2 gene, the primer pair being selected to specifically amplify
an altered nucleic acid sequence described in Table 7; and

(b) containers for each of the pn'niers.
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(57) Abstract: Methods and compositions for the diagnosis of cancer susceptibilities, defective DNA repair mechanisms and treat-
ments thereof are provided. Among sequences provided here, the FANCD?2 gene has been identified, mapped on the 3p chromosome,
cloned into recombinant vectors, used to prepare recombinant cells and sequenced. The FANCD?2 gene sequence provides probes
and primers for screening patients in genetic based test and for diagnosing Fanconi anemia and cancer. It has also been possible
to target the FANCD2 gene in vivo for preparing experimental mouse models for use in screening new therapeutic agents for treat-
ing conditions involving defective DNA repair. Vectors are described for use in gene therapy. The FANCD2 polypeptide has been
sequenced and has been shown to exist in two isoforms identified as FANCD2-S and the mono-ubiquinated FANCD-L form. An-
tibodies including polyclonal and monoclonal antibodies have been prepared that distinguish the two isoforms and have been used
in diagnostic tests to determine whether a subject has an intact FA pathway. The FANCD2 has been localized to the nucleus and is

associated with BRCA 1 foci.
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S Tt . SEQ ID NO: 6
AENTTEECAGTS Human FANCD-2 long form
v e e e reaatit sl e e ol s 13

TAGAATCGAAAACTACGGGCGGCGACGGCTTCTCGGAAGTAATTTAAGTGCACAA
GACATTGGTCAAAATGGTTTCCAAAAGAAGACTGTCAAAATCTGAGGATAAAGA
GAGCCTGACAGAAGATGCCTCCAAAACCAGGAAGCAACCACTTTCCAAAAAGAC
AAAGAAATCTCATATIGCTAATGAAGTTGAAGAAAATGACAGCATCTTTGTAAAG
CTTCTTAAGATATCAGGAATTATTCTTAAAACGGGAGAGAGTCAGAATCAACTAG
CTGTGGATCAAATAGCTTTCCAAAAGAAGCTCTT TCAGACCCTGAGGAGACACCC
'I'I’CCTATCCCAAAATAATAGAAGAAT’ITGTIAGTGGCCTGGAGTC'ITACATTGAGG
ATGAAGACAGTTTCAGGAACTGCCTTTTGTCTTGTGAGCGTCTGCAGGATGAGGA
AGCCAGTATGGGTGCATCTTATTCTAAGAGTCTCATCAAACTGCTTCTGGGGATTG
ACATACTGCAGCCTGCCATTATCAAAACCTTATTTGAGAAGTTGCCAGAATATTTT
TTTGAAAACAAGAACAGTGATGAAATCAACATACCTCGACTCATTGTCAGTCAAC
TAAAATGGCTTGACAGAGTTGTGGATGGCAAGGACCTCACCACCAAGATCATGCA.
GCTGATCAGTATTGCTCCAGAGAACCTGCAGCATGACATCATCACCAGCCTACCT
GAGATCCTAGGGGATTCCCAGCACGCTGATGTGGGGAAAGAACTCAGTGACCTAC
TGATAGAGAATACTTCACTCACTGTCCCAATCCTGGATGTCCTTTCAAGCCTCCGA
CTTGACCCAAACTTCCTATTGAAGGTTCGCCAGTTGGTGATGGATAAGTTGTCGTC
TATTAGATTGGAGGATTTACCTGTGATAATAAAGTITCATTCTTCATTCCGTAACAG
CCATGGATACACTTGAGGTAATTTCTGAGCTTCGGGAGAAGTTGGATCTGCAGCAT
TGTGTTTTGCCATCACGGTTACAGGCTTCCCAAGTAAAGTTGAAAAGTAAAGGAC
GAGCAAGTTCCTCAGGAAATCAAGAAAGCAGCGGTCAGAGCTGTATTATICTCCT
CTTTGATGTAATAAAGTCAGCTATTAGATATGAGAAAACCATTTCAGAAGCCTGG
ATTAAGGCAATTGAAAACACTGCCTCAGTATCTGAACACAAGGTIGTITGACCTGG
TGATGCTTTTCATCATCTATAGCACCAATACTCAGACAAAGAAGTACATTGACAG
GGTGCTAAGAAATAAGATTCGATCAGGCTGCATTCAAGAACAGCTGCTCCAGAGT

g
-8, .0 chod . ot O T I R ACATTCTCTGITCATTACTTAGTICTTAAGGATATGTGTTCATCCATICTGTCGCTG
PAED Ch OR CMGRACERAGRD MG AT AW IomOKcca 400 GCTCAGAGTITIGCTTCACTCTCTAGACCAGAGTATAATITCATITGGCAGTCTCCTA
i TACAAATATGCATTTAAGTITTTTGACACGTACTGCCAGCAGGAAGTGGTTGGTGC
o ? an CTTAGTGACCCATATCTGCAGTGGGAATGAAGCTGAAGTIGATACTGCCTTAGAT

. GTCCTTCTAGAGTTGGTAGTGTTAAACCCATCTGCTATGATGATGAATGCTGTCTTT
GTAAAGGGCATTTTAGATTATCTGGATAACATATCCCCTCAGCAAATACGAAAAC
SEQID NOS: 187-188 TCTICTATGTTCTCAGCACACTGGCATTTAGCAAACAGAATGAAGCCAGCAGCCA
CATCCAGGATGACATGCACTTGGTGATAAGAAAGCAGCTCTCTAGCACCGTATIC
AAGTACAAGCTCA'I'I‘GGGATTATTGGTGCTGTGACCATGGCTGGCATCATGGCGG
CAGACAGAAGTGAATCACCTAGTTTGACCCAAGAGAGAGCCAACCTGAGCGATG
AGCAGTGCACACAGGTGACCTCCTIGTTGCAGTTGGTTCATTCCTGCAGTGAGCAG
. TCTCCTCAGGCCTCTGCACTITACTATGATGAATTTGCCAACCTGATCCAACATGA
Figure 17 AAAGCTGGATCCAAAAGCCCTGGAATGGGTTGGGCATACCATCTGTAATGATTTC
CAGGATGCCTTCGTAGTGGACTCCTGTGTITGTTCCGGAAGGTGACTTICCATTTCCT
GIGAAAGCACTGTACGGACTGGAAGAATACGACACTCAGGATGGGATTGCCATA
AACCTCCTGCCGCTGCTGTITTCTCAGGACTTTGCAAAAGATGGGGGTCCGGTGAC
CTCACAGGAATCAGGCCAAAAATTGGTGTCTCCGCTGTGCCTGGCTCCGTATTTCC

Figure 18



(184)

8/14

GGTTACTGAGACTTTGTGTGGAGAGACAGCATAACGGAAACTIGGAGGAGATTGA
TGGTCTACTAGATTGTCCTATATTCCTAACTGACCTGGAGCCTGGAGAGAAGTTGG
AGTCCATGTCTGCTAAAGAGCGTTCATTCATGTGTICTCTCATATTTCTTACTCTCA
ACTGGTTCCGAGAGATTGTAAATGCCTTCTGCCAGGAAACATCACCTGAGATGAA
GGGCAAGGTGCTCACTCGGTTAAAGCACATTGTAGAATTGCAAATAATCCTGGAA
AAGTACTTGGCAGTCACCCCAGACTATGTCCCTCCTCTTGGAAACTTIGATGTGGA
AACTTTAGATATAACACCTCATACTGITACTGCTATTTCAGCAAAAATCAGAAAG
AAAGGAAAAATAGAAAGGAAACAAAAAACAGATGGCAGCAAGACATCCTCCIC
TGACACACTTTCAGAAGAGAAAAATTCAGAATGTGACCCTACGCCATCTCATAGA
GGCCAGCTAAACAAGGAGTTCACAGGGAAGGAAGAAAAGACATCATIGTTACTA
CATAATTCCCATGCTTTTTTCCGAGAGCTGGACATTGAGGICTICTCTATICTACAT
TGTGGACTIGTGACGAAGTTCATCTTAGATACTGAAATGCACACTGAAGCTACAG
AAGTTGTGCAACTTGGGCCCCCTGAGCTGCTTTICTIGCIGGAAGATCTCTCCCAG
AAGCTGGAGAGTATGCTGACACCTCCTATTGCCAGGAGAGTCCCCTTTICTCAAGA
ACAAAGGAAGCCGGAATATTGGATTCTCACATCTCCAACAGAGATCTGCCCAAG
AAATTGTTCATTGTGTTTTTCAACTGCTGACCCCAATGTGTAACCACCTGGAGAAC
ATTCACAACTATTTTCAGTGTTTAGCTGCTGAGAATCACGGTGTAGTIGATGGACC
AGGAGTGAAAGTTCAGGAGTACCACATAATGTCTTICCTGCTATCAGAGGCTIGCTG
CAGATTTTTCATGGGCTTITIGCTTGGAGTGGATTTTCTCAACCTGAAAATCAGAAT
TTACTGTATICAGCCCTCCATGTCCTTAGTAGCCGACTGAAACAGGGAGAACACA
GCCAGCCTTTGGAGGAACTACTCAGCCAGAGCGTCCATTACTTGCAGAATTTCCAT
CAAAGCATTCCCAGTITCCAGTGTGCTCTTTATCTCATCAGACTITIGATGGTTATT
TTGGAGAAATCAACAGCTTCTGCTCAGAACAAAGAAAAAATTGCTTCCCTIGCCA
GACAATTCCTCTGTCGGGTGTGGCCAAGTGGGGATAAAGAGAAGAGCAACATCTC
TAATGACCAGCTCCATGCICTGCTCTGTATCTACCTGGAGCACACAGAGAGCATTC
TGAAGGCCATAGAGGAGATTGCTGGTGTTIGGTGTCCCAGAACTGATCAACTCTCC
TAAAGATGCATCTTCCTCCACATTCCCTACACTGACCAGGCATACTTITGTTGTITIT
CTTCCGTGTGATGATGGCTGAACTAGAGAAGACGGTGAAAAAAATIGAGCCTGGC
ACAGCAGCAGACTCGCAGCAGATTCATGAAGAGAAACTCCTCTACTGGAACATG
GCTGTTCGAGACTTCAGTATCCTCATCAACTTGATAAAGGTATTTGATAGTCATCC
TGTTCT GCATGTATGTTTGAAGTATGGGCGTCTCITTGTGGAAGCATTICTGAAGCA
ATGTATGCCGCTCCTAGACTTCAGTTTTAGAAAACACCGGGAAGATGITCTGAGCT
TACTGGAAACCTICCAGTTGGACACAAGGCTGCTTCATCACCTGTGTGGGCATICC
AAGATTCACCAGGACACGAGACTCACCCAACATGTGCCICTGCTCAAAAAGACC
CTGGAACTTTTAGTTTGCAGAGTCAAAGCTATGCTCACTCTCAACAATTGTAGAGA
GGCTTICTGGCTGGCCAATCTAAAAAACCGGGACTTGCAGGGTGAAGAGATTAAG
TCCCAAAATTCCCAGGAGAGCACAGCAGATGAGAGTGAGGATGACATGTCATCC
CAGGCCTCCAAGAGCAAAGCCACTGAGGTATCTCTACAAAACCCACCAGAGICT
GGCACTGATGGTTGCATTTTGITAATTGTICTAAGTTGGTGGAGCAGAACTTTGCCT
ACTTATGITTATTGTCAAATGCTTCTATGCCCATITCCATTCCCTCCATAACAGCTT
CTGTGCTTATATAATITTTG_GGACCCAGAAGAAACAACGACACAATC'ITAGAATC
ACTCCTGAGTATCTCGAGTIGTGGCATTTGTTATAGAGTTGACAATITTCTGCATTA
TAGCCTCTCATTTTCCATGAATTCATATCTGAAACCATTTTAGAAGGGAGAAGTCA
TCGAAGTATTTTCTGAGTGTTGAGAAGAATGAGTTAAACCATTTAAACACATTIGA

SEQID NO: 7
Human FANCD2 short form

TCGANAACTACGGGCGGCGACGGCTTCTCGGAAGTAATTTAAGTGCACAAGACAT
TGGTCAAAATGGTITCCAAAAGAAGACTGTCAAAATCTGAGGATAAAGAGAGCC
TGACAGAAGATGCCTCCAAAACCAGGAAGCAACCACTTTCCAAAAAGACAAAGA
AATCTCATATTGCTAATGAAGTTGAAGAAAATGACAGCATCTITGTAAAGCTTCTT
AAGATATCAGGAATTATTCTTAAAACGGGAGAGAGTCAGAATCAACTAGCTGTGG
ATCAAATAGCTTTCCAAAAGAAGCTCTTTCAGACCCTGAGGAGACACCCTICCTA
TCCCAAAATAATAGAAGAATTTGTTAGTGGCCTGGAGTCTTACATTGAGGATGAA
GACAGTITTCAGGAACTGCCTTTTGTCTTGTGAGCGTCTGCAGGATGAGGAAGCCA
GTATGGGTGCATCTTATICTAAGAGTCTCATCAAACTGCTTCTGGGGATTGACATA
CTGCAGCCTGCCATTATCAAAACCTTATTTGAGAAGITGCCAGAATATTTTITTGA
AAACAAGAACAGTGATGAAATCAACATACCTCGACTCATTGTCAGTCAACTAAA
ATGGCTTGACAGAGTITGTGGATGGCAAGGACCTCACCACCAAGATCATGCAGCIG
ATCAGTATTGCTCCAGAGAACCTGCAGCATGACATCATCACCAGCCTACCTGAGA
TCCTAGGGGATTCCCAGCACGCTGATGTGGGGAAAGAACTCAGTGACCTACTGAT
AGAGAATACTTCACTCACTGTCCCAATCCTGGATGTCCTITCAAGCCTCCGACTTG
ACCCAAACTTCCTATTGAAGGTTCGCCAGTTGGTGATGGATAAGTTGTCGTCTATT
AGATTGGAGGATTTACCTGTGATAATAAAGTITCATTICTTCATTCCGTAACAGCCAT
GGATACACTTGAGGTAATTTCTGAGCTTCGGGAGAAGTTGGATCTGCAGCATTGTIG
TITTGCCATCACGGTTACAGGCTTCCCAAGTAAAGTTGAAAAGTAAAGGACGAGC
AAGTTCCTCAGGAAATCAAGAAAGCAGCGGTCAGAGCTGTATTATICTCCTCTTTG
ATGTAATAAAGTCAGCTATTAGATATGAGAAAACCATTTCAGAAGCCTGGATTAA
GGCAATTGAAAACACTGCCTCAGTATCTGAACACAAGGTGTTTGACCTGGTGATG
CTTTTCATCATCTATAGCACCAATACTCAGACAAAGAAGTACATTGACAGGGTGC
TAAGAAATAAGATTCGATCAGGCTGCATTCAAGAACAGCTGCTCCAGAGTACATT
CTCTGTTCATTACTTAGTTCTTAAGGATATGTGTTCATCCATTCTGTCGCTGGCTCA
GAGTTTGCTTCACTCTCTAGACCAGAGTATAATTTCATTTGGCAGTCTCCTATACA
AATATGCATTTAAGTTTTTTGACACGTACTGCCAGCAGGAAGTGGTTIGGTGCCTTA
GTGACCCATATCTGCAGTGGGAATGAAGCTGAAGTTGATACTGCCTTAGATGICCT
TCTAGAGITGGTAGTGTTAAACCCATCTGCTATGATGATGAATGCTGTCTTTGTAA
AGGGCATTTTAGATTATCTGGATAACATATCCCCTCAGCAAATACGAAAACTCTTC
TATGTTCTCAGCACACTGGCATTTAGCAAACAGAATGAAGCCAGCAGCCACATCC
AGGATGACATGCACTTGGTGATAAGAAAGCAGCTCTCTAGCACCGTATTCAAGTA
CAAGCTCATTGGGATTATTGGTGCTGTGACCATGGCTGGCATCATGGCGGCAGAC
AGAAGTGAATCACCTAGTTTGACCCAAGAGAGAGCCAACCTGAGCGATGAGCAG
TGCACACAGGTGACCTCCTTGTTGCAGTTGGTTCATTCCTGCAGTGAGCAGICTCC
TCAGGCCTCTGCACTTTACTATGATGAATTITGCCAACCTGATCCAACATGAAAAGC
TGGATCCAAAAGCCCTGGAATGGGTTGGGCATACCATCTGTAATGATTICCAGGA
TGCCTTCGTAGTGGACTCCTGTGTTGITCCGGAAGGTGACTTTCCATTTCCTGTGAA
AGCACTGTACGGACTGGAAGAATACGACACTCAGGATGGGATTGCCATAAACCT
CCTGCCGCTGCTGTTTTCTCAGGACTTTGCAAAAGATGGGGGTCCGGTGACCTCAC
AGGAATCAGGCCAAAAATTGGTGTCTCCGCTGTGCCTGGCTCCGTATTTCCGGTTA

Figure 19
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AACATACAAAAATAGAAATGTGAAAGCATTTGGTGAAAGCCAAAGCACAGAGTC
AGAAGCTGCCACCTTAGAGAACTGAAATAAAAATAGAAGTTCTTACGCTTTTTIGT
GGTACAGATGCTTTCGACAATTTAAAGAAAGCTAAATAAAAATGTAGACATGGCT
GGCGCAGTIGGCTCATGCTIGTAATCCTAGCACTITTTGAGGCCAAGGTAGGAGGA
TIGCTTGAGTCCGGGAGCTCAAGGCAAAGCTGCACAACATAACAAGACCCTATCT
CCACAAAAAAAATGAAAAATAAACCTGGGTGCGGTGGCTCACACCTGTAATCCC
AGCACTTTIGGGAGGCCGATGTGGGCAGATCACAAGGTCAGGAGTTCAAGACCAG
CCTGGCCAACATAGTGAAACCCCATCTCTACTGAAAATACAAAAATTAGCTGGGT
GIGGTGGCACGTGCCTGTTATCTCAGCTACTTGGGAAGCTGA
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CTGAGACTTTGTGTGGAGAGACAGCATAACGGAAACTTIGGAGGAGATTGATGGTC
TACTAGATTGTCCTATATTCCTAACTGACCTGGAGCCTGGAGAGAAGTITGGAGTCC
ATGTCTGCTAAAGAGCGTTCATTCATGTGTTCTCTCATATITCTTACTCTCAACTGG
TTCCGAGAGATTGTAAATGCCTTCTGCCAGGAAACATCACCTGAGATGAAGGGGA
AGGTGCTCACTCGGTTAAAGCACATTGTAGAATTGCAAATAATCCTGGAAAAGTA
CTTGGCAGTCACCCCAGACTATGTCCCTCCTCTTGGAAACTITGATGIGGAAACTT
TAGATATAACACCTCATACTGTTACTGCTATITCAGCAAAAATCAGAAAGAAAGG
AAAAATAGAAAGGAAACAAAAAACAGATGGCAGCAAGACATCCTCCTCTGACA
CACTTTCAGAAGAGAAAAATTCAGAATGTGACCCTACGCCATCTCATAGAGGCCA

- GCTAAACAAGGAGTTCACAGGGAAGGAAGAAAAGACATCATIGTTACTACATAA

TTCCCATGCTITTTTCCGAGAGCTGGACATTGAGGTCTTCTCTATTCTACATTGTGG
ACTTGTGACGAAGTTCATCTTAGATACTGAAATGCACACTGAAGCTACAGAAGTT
GTIGCAACTTGGGCCCCCTGAGCTGCTTTTCTTGCTGGAAGATCTCTCCCAGAAGCT
GGAGAGTATGCTGACACCTCCTATTGCCAGGAGAGTCCCCTTTCTCAAGAACAAA
GGAAGCCGGAATATTGGATTCTCACATCTCCAACAGAGATCTGCCCAAGAAATIG
TTCATTGTGTTTTTCAACTGCTGACCCCAATGTGTAACCACCTGGAGAACATTCAC
AACTATITTCAGTGTTTAGCTGCTGAGAATCACGGTGTAGTTGATGGACCAGGAGT
GAAAGTTCAGGAGTACCACATAATGTCTTCCTGCTATCAGAGGCTGCTGCAGATTT
TTCATGGGCTTTTTGCTTGGAGTGGATTTTCTCAACCTGAAAATCAGAATTTACTGT
ATTCAGCCCTCCATGTCCTTAGTAGCCGACTGAAACAGGGAGAACACAGCCAGCC
TTTGGAGGAACTACTCAGCCAGAGCGTCCATTACTTGCAGAATTTCCATCAAAGC
ATTCCCAGTTTCCAGTGTGCTCTTTATCTCATCAGACTTTTGATGGTTATITIGGAG
AAATCAACAGCTTCTGCTCAGAACAAAGAAAAAATTGCTTCCCTTGCCAGACAAT
TCCTCTGTCGGGTGTGGCCAAGTGGGGATAAAGAGAAGAGCAACATCTCTAATGA
CCAGCTCCATGCICTGCTCTGTATCTACCTGGAGCACACAGAGAGCATTICTGAAG
GCCATAGAGGAGATTGCTGGTGTTGGTGTCCCAGAACTGATCAACTCTCCTAAAG
ATGCATCTTCCTCCACATTCCCTACACTGACCAGGCATACTTITGTTGTITTCTTCC
GTGTGATGATGGCTGAACTAGAGAAGACGGTGAAAAAAATTGAGCCTGGCACAG
CAGCAGACTCGCAGCAGATTCATGAAGAGAAACTCCTCTACTGGAACATGGCTGT
TCGAGACTTCAGTATCCTCATCAACTTGATAAAGGTATTTGATAGTCATCCTGTTICT
GCATGTATGTITGAAGTATGGGCGTCTCTTTGTGGAAGCATTTCTGAAGCAATGTA
TGCCGCTCCTAGACTTCAGTTTTAGAAAACACCGGGAAGATGTTCTGAGCTTACTG
GAAACCTTCCAGTTGGACACAAGGCTGCTTCATCACCTGTGTGGGCATTCCAAGA
TTCACCAGGACACGAGACTCACCCAACATGTGCCTCTGCTCAAAAAGACCCTGGA
ACTTTTAGTTIGCAGAGTCAAAGCTATGCTCACTCTCAACAATTGTAGAGAGGCTT
TCTGGCTGGGCAATCTAAAAAACCGGGACTTGCAGGGTGAAGAGATTAAGTCCCA
AAATTCCCAGGAGAGCACAGCAGATGAGAGTGAGGATGACATGTCATCCCAGGC
CTCCAAGAGCAAAGCCACTGAGGATGGTGAAGAAGACGAAGTAAGTIGCTGGAGA
AAAGGAGCAAGATAGTGATGAGAGTTATGATGACTCTGATTAGACCCCAGATAA
ATTGTTGCCTGCTTCTGTGTCTCAA
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GGAAAGTCGAAAACGAAGGGAAGCAACTGGCGGGTCCCCAGGAAGTAATATAA
GTGGCAGAAGACGTTAGTCAAAATGATTTCCAAAAGACGTCGGCTAGATTCTGAG
GATAAAGAAAACCTGACAGAAGATGCCTCCAAAACCATGCCCCITTCCAAGCTG
GCAAAGAAGTCTCACAATTCTCATGAAGTTGAAGAAAATGGCAGTGTCTTIGTAA
AGCTTCTTAAGGCTTCAGGACTCACTCTTAAAACTGGAGAGAACCAAAATCAGCT
AGGTGTGGATCAGGTAATCTTICCAAAGGAAGCTCTTTCAGGCCTTGAGGAAGCAT
CCTGCTTATCCCAAAGTAATAGAAGAGTITTGTTAATGGCCTGGAGTCCTACACTGA
GGACAGTGAGAGTCTCAGGAACTGCCTGCTGTCTTGTGAGCGCCTGCAGGATGAG
GAAGCCAGCATGGGCACATTTTACTCCAAGAGTCTGATCAAGCTACTTCTGGGGA
TTGACATTTTACAGCCTGCCATTATCAAAATGTTATITGAAAAAGTGCCTCAGTTIC
TTTTTGAAAGTGAGAACAGAGATGGAATCAACATGGCCAGACTCATTATCAATCA
ACTAAAATGGCTGGATAGAATTGTGGATGGCAAGGACCTCACGGCCCAGATGAT
GCAGITGATCAGTGITGCTCCCGTGAACTTACAGCATGACTTCATCACGAGCCTTC
CIGAAATCCTAGGGGATTCCCAGCATGCTAATGTGGGGAAAGAGCTTGGCGAGCT
GCTGGTGCAGAATACTTCCCTGACTGTTCCAATTTTGGATGTCTTTTCCAGTCTCCG
ACTTGACCCCAACTTCCTGTCCAAGATCCGCCAGTTGGTGATGGGCAAGCTGTCAT
CIGTCCGTCTAGAGGATTTCCCTGTGATTGTAAAGTTCCTTCTTCATICTGTAACAG
ACACCACTTCCCTTGAGGTCATTGCCGAGCTTCGGGAGAACTTGAACGTCCAGCA
GITTATTTTGCCGTCACGAATTCAGGCTTCCCAAAGCAAATTGAAAAGTAAAGGA
CTAGCAAGCTCTTCAGGAAATCAAGAGAACAGTGATAAAGACTGTATIGTTICTTG
TCTTTGATGTAATAAAGTCAGCCATTAGATATGAGAAAACCATTTCAGAGGCCTG
GITTAAGGCAATTGAACGCATTGAGTCCGCGGCTGAACATAAGGCTTTGGACGTG
GTCATGCTGCTCATCATCTACAGCACCAGCACGCAGACCAAGAAGGGCGTGGAG
AAGCTGCTGAGAAACAAGATTCAGTCAGACTGCATTCAAGAACAGCTGCTTGACA
GTGCGTICTCTACACATTACCTGGTTCTTAAGGATATTTGCCCATCTATTCTTITGCT
GGCTCAGACTTTGTITCACTCTCAAGACCAGAGGATCATTTTGTTIGGCAGTCTTCT
GTACAAATATGCTTTTAAGITITTIGATACTTACTGCCAGCAGGAAGIGGTTGGTG
CCCTAGTCACCCATGTCTGCAGTGGGACTGAGGCTGAAGTCGACACTGCACTGGA
TGTCCTCCTGGAGCTGATTGTGCTAAACGCCTCTGCTATGAGGCTCAATGCTGCTTT
TGTTAAGGGCATCTTAGATTATTTGGAAAATATGTCCCCTCAGCAAATACGAAAA
ATCTTCTGTATTCTCAGCACTCTTGCATITAGCCAACAGCCCGGAACCAGCAACCA
TATCCAGGACGACATGCACCTGGTGATCCGGAAGCAGCTCTCTAGCACTGTGTTC
AAGTACAAGCTCATTGGGATCATTGGTGCAGTCACCATGGCCGGCATCATGGCGG
AAGACAGAAGTGTACCATCTAACTCATCCCAGAGGAGCGCCAATGTGAGCAGTG
AGCAGCGCACACAGGTGACTTCTTTGCTACAACTAGTTCATTCTTGCACTGAGCAC
TCTCCTTGGGCCTCTTCTCTGTATTATGATGAATTTGCCAACCTGATCCAAGAAAG
GAAGTTGGCTCCAAAAACCTTGGAGTGGGTTGGGCAGACCATCTTCAATGATTTC
CAAGATGCCTTTGTGGTAGACTTCTGTGCTGCTCCAGAGGGTGACTTTCCATITCCT
GTGAAAGCGCTCTATGGACTGGAAGAGTACAGCACTCAAGACGGCATTGTCATCA
ACCTCCTGCCGCTGTTCTATCAGGAATGTGCAAAAGATGCCAGTCGAGCGACATC
ACAAGAATCGAGCCAGAGATCAATGTCTTCTTTGTGCCTGGCTTCCCATITCCGGC

Figure 20
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TTTAGGCTTATAATAGCTTTGTAAATAAATCTGTTTCAGAGTITIGCCTCAGCTACC
TITTTCCTCACTTTAGATGTGATTATTCAAGGATCTCATTATTCAAGGATTAGGTAA
TATTGAGITGAGGTTTGTGCAATCGTACTGGTGGCCTAAAAGTATGTTCCGTACTG
TTATCTICCTGGAGGAATGACCCAACTTTCTTATCAATGATCAAGTGITIGGTTIGG
TCTGTGTCAGGGTCTCTITACATAGTCCTGGCTGGTGTGTIATTAGATATGTTGACC
AGGAGGGTICTTIGAACATTACTTTTGAATTTTAAACATTTTIGTACATATGTGTATGG
GCATATATGTGCCACTGTGCATATGTGTAGGTCAGAGGATAGCTTATGGGAGTGA
GCTCTCTCCTTCCACCATGIGGGTTCCAGGGTTCAAACTCTAGACCTTCACCTGCTC
AGCCACCTTACCCTTTTAAAATGTTTGGITATTAATATATAAAAGGAAGGAAGAC
AACATCAAACATGTGCTGGCTTTGTATGTATATATAGTTTTTATTTCCACATTAATT
TGAATTATGCCTATAATATATTTGTAATAATCATACAAAATAATTGTAATTTATTA
GAAATAGAACATCAGGAGTTAAAATAGGGGATTCTTCTGTCTTCTGCCAGGAAGC
CCAGICTCAGAGATGCTGCCAGGCTCTTCCTCGCTGTGCCATTAAGATTATITAAT
;I;ITI’G’I‘TAATATTT;I‘TA CTC'ATACCGGTATTAAAGTTATGT'ITTGTTGGAAAAAA.AA
ARAAANAAAANAAAAAAAAA
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TGCTGAGACTTTGCGTGGCAAGACAACATGATGGAAACTTIGGATGAGATCGATGG
TCTCTTAGATTGTCCCCTGTICCTCCCTGACCTGGAACCTGGAGAGAAACTGGAGT
CCATGTCTGCTAAAGACCGTTCGCTTATGTGTTCGCTCACATTCCTAACTTTCAACT
GGTTCCGAGAGGTTGTGAATGCCTTCTGCCAACAAACATCTCCTGAGATGAAGGG
CAAGGTTCTTAGTCGGCTAAAGGACCTTGTAGAACTTCAGGGAATCCTAGAGAAG
TACTTGGCAGTCATCCCAGACTATGTTCCGCCTTTCGCAAGCGTTGACTTGGACAC
TTTAGATATGATGCCTAGGAGCAGTTCTGCTGTIGCAGCAAAAAACAGAAACAAG
GGAAAGACGGGGGGAAAGAAACAAAAAGCTGATAGCAACAAAGCATCCTGTTC
GGACACACTTCTAACAGAAGACACTTCAGAGTGTGACATGGCGCCATCTGGGAG
AAGCCACGTAGACAAGGAGTCCACAGGGAAGGAAGGAAAGACGTTIGTGTCACT
GCAGAATTACCGCGCTTTTTICCGAGAGCTGGACATTGAGGTCTTCTCTATTCTAC
ATTCTGGACTTGTGACCAAGTTCATCTTAGACACTGAAATGCACACTGAAGCTAC
AGAGGTCGTACAGCTGGGGCCTGCTGAGCTGCTCTTICTTGCTGGAAGATCTTTCCC
AGAAGCTAGAGAATATGCTGACTGCTCCTTTTGCCAAGAGAATCTIGCTGCTITAAG
AATAAAGGAAGGCAGAATATTGGCTTCTCACATCTTCATCAGAGATCTGTCCAGG
ACATTGTGCACTGTGTGGTTCAGCTGCTAACCCCGATGTGTAACCATCTGGAGAAC
ATTCACAACTTCTTTCAGTGCTTAGGTGCTGAGCATCTCAGTGCAGATGACAAGGC
GAGAGCGACAGCTCAGGAGCAGCACACCATGGCCTGCTGCTACCAGAAGCTGCT
GCAGGTCTTGCACGCGCTCTTTGCGTGGAAGGGATITACTCACCAATCAAAGCAC
CGCCTCCTGCACTCAGCCCTTGAGGTCCTCTCGAACCGACTAAAGCAGATGGAAC
AGGACCAGCCCTTGGAGGAACTGGTCAGCCAGAGCTTCAGITACTIGCAGAACTT
CCACCATAGTGTTCCCAGTTTCCAGTGTGGTCTCTACCTTCTCAGACTTCTGATGGC
CCTICTGGAGAAGTCTGCAGTACCTAACCAGAAGAAAGAAAAACTIGCCTCTCTG
GCCAAACAGCTIGCTTTGCCGAGCATGGCCTCATGGGGAAAAAGAGAAGAACCCC
ACTTTTAATGACCACCTGCATGATGTGCTTTACATCTACTTGGAGCACACAGACAA
TCTTCTGAAGGCCATAGAGGAGATYACTGGTGTTGGTGTCCCAGAACTGGTCAGT
GCTCCGAAAGACGCCGCCTCCTCTACATTCCCTACGTTGACCGRGCACACCTTIGT
CATATTCTTCCGTGTGATGATGGCTGAACTCGAGAAGACGGTGAAGGGTCTYCAG
GCTGGCACAGCAGCAGATTCGCAGCAGGTTCACGAAGAGAAGCTCCTCTATTKGA
ACATGGCTGTCCGAGATTTCAGYATCCTTYTCAATCTGATGAAAGTATITGACAGT
TATCCTGTTCTGCATGTGTGTTTAAAGTATGGCCGTCGCTTTGTGGAGGCATTICTG
AAGCAATGTATGCCACTCCTCGACTTCAGCTTITAGAAAGCATCGGGAAGATGTTIC
TGAGCTTGCTGCAAACCCTTCAGITGAACACGAGGCTACTTCATCACCTTIGTGGA
CACTCCAAGATTCGCCAGGACACAAGACTCACCAAGCAYGTGCCTTTACTCAAAA
AGTCACTGGAACTGTTAGTTIGCAGAGTCAAAGCCATGCTTGICCTCAACAACTGT
AGAGAGGCTTTCTGGTTGGGTACTCTCAAAAACCGAGACTTACAGGGTGAAGAAA
TTATTTCCCAGGATCCCTCTTCCTCAGAGAGCAATGCAGAGGACAGTGAGGATGG
CGTGACATCTCACGTCTCCAGGAACAGAGCAACAGAGGATGGGGAAGATGAAGC
AAGTGATGAACAGAAGGACCAGGACAGTGATGAAAGTGACGACAGCTCCAGTTA
GAGCCGAGTGGCATGGCTGCCCTGCTCACCTCTGACAGACTCTCATCTCTITGGGG
TTTGAAGTCAGATGTCTGTTTTTCTAGTCAGAAGCATCCTGITIGTCCATCAAGAA
GGGGTGITTATTTAATTCCCCAGTGGGTTTCACAGGTTGTCTAACCTCCAGGTCCCT
GGTTCAGGAGTCCAGTGTAGCATCCATCGTTGACTAGGAYGAACATGGCTGGGCT
GCAGTGCAGTKCAGTGCAGGTGCCCTAGCTGGGCCTTGGGGTTTTGAAACTAAAA
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