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CATCATCAATAATATACCGCACACTTTTATTGCCCCTTTTGTGGCGTGGTGATTGGCGGAGAGGGT
TGGGGGCGECEEGCEGGTGATTGGTGCGAGAGGCGTGTGACGTAGCGTGGGARCGTGACGTCGCGTGG
GAAAATGACGTGTGATGACGTCCCGTGGGARCGGGTCAAAGTCCAAGGGGAAGGGGTGGAGCCCTG
GGGCOGTCCTCCGCGGHLGCGGGGCCGAGCGGCGGAAATTCCCGCACAGGTGGAGAGTACCGCGGGA
TTTTGTGCCCTCTGGACCGGACCTTCGCCCTCCGGTGTGGCACTTCCGCACCACACGTCCGCGGCC
CGGTATTCCCCACCTGACGACGGTGACACCACTCACCTGAGCGGGGTGTCCTTCGCGCTGAGAGGT
CCGCGGLGGCCGCCCGAGATGACGTGTGTGGGTGTATTTTTTCCCCTCAGTGTATATAGTCCGCGC
AGCGCCCGAGAGTCACTACTCTTGAGTCCGAAGGGAGTAGAGTTTTCTCTCAGCGGAACAGACCCT
CGACATGGCGAACAGACTTCACCTGGACTGGGACGGARACCCCGAGGTGGTGCCGGTGCTGGAATG
GGACCCGGTGGATCTGCGCGACCCCTCTCCGGGGGATGAGGGCTTCTGTGAGCCGTGCTGGGAGAG

TCTGGTCGATGGACTGCCGGACGAGTGGCTGGACAGTGTGGACGAGGTGGAGGTGATTGTGACTGA
GGGGGGTGAGTCAGAGGACAGTGGTGGGAGTGCCGCTGGTGACTCAGGTGGCTCTCAGGGGGTCTT
TGAGATGGACCCCCCAGAAGAGGGGGACAGTAATGAGGAGGATATCAGCGCGGTGGCTGCGGAGGT
GCTGTCTGAACTGGCTGATGTGGTGTTTGAGGACCCACTTGCGCCACCCTCTCCGTTTGTGTTGGA
CTGCCCCGAGGTACCTGGTGTGAACTGCCGCTCTTGTGATTACCATCGCTTTCACTCCAAGGACCC
CAATCTGARGTGCAGTCTGTGCTACATGAGGATGCATGCCTTTGCTGTCTATGGTGAGTGTTTTTG
GACATTTGTGGGATTATGTGGAAARAAAGGAAAAAGTGCTTGTAAGAAATCTCATGTGCTATTTCC
CATTTTTTGTCTTTTTAGAAGCTGTTTCTCCAGCACCTCACAGGTCGGGTTCCCCGGGACTTGGAG
ACCTGCCAGGACGCAAGAGGAAGTACTGCTATGACTCATGCAGCGAACAACCTTTGGACCTGTCTA
TGAAGCGCCCCCGCGATTAATCATTAACCTCAATAAACAGCATGTGATGATGACTGATTGTCTGTG
TCTCTGCCTATATATACCCTTGTGGT TTGCAGGGARGGGATGTGGTGACTGAGCTATTCCTCAGCA
TCATCATCGCTCTGCTTTTTTCTACTGCAGGCTATTTCTTGCTAGCTCGCTGTCCCTTTTCTTTTT
CTGTGGGCATGGACTATCAACTTCTGGCCAAGCTTACTAACGTGAACTACCTTAGGAAGGTGATAG
TACAGGGGTCTCAGAACTGCCCTTGGTGGARAAAGATTTTTTCGGACAGGTTTATCARGGTAGTAG
CAGAGGCCAGGAGGCAGTACGGGCAAGAGTTGATTGAGATTTTTGTGGAGGGTGAGAGGGGCTTTG
GTCCTGAGTTCCTGCGGGAAGGGGGACTGTACGARGAGGCCGTTCTGAAAGAGT TGGATTTCAGCA
CCTTGGGACGCACCGTAGCTAGTGTGGCTCTGGTCTGCTTCATTTTTGAGARGCTTCAGAAGCACA
GCGGGTGGACTGACGAGGGTATTTTAAGTCTTCTGGTGCCGCCACTATGTTCCCTGCTGGAGGCGC
GAATGATGGCGGAGCAGGTGCGGCAGGGGCTGTGCATCATCAGGATGCCGAGCGCGGAGCGGGAGA
TGCTGTTGCCCAGTGGGTCATCCGGCAGTGGCAGCGGGGCCGGGATGCGGGACCAGGTGGTGCCCA
AGCGCCCGCGGGAGCAGGAAGAGGAGGAGGAGGACGAGGATGGGATGGAAGCGAGCGGGCGCAGGT
TCGAAGGGCCGGATCTGGTTTAGATCGCCGCCGGCCCGGEGEGAGCGGGTGGAGAGGGGAGCGGGGA
GGAGGCGGGGGGGTCTTCCATGGTTAGCTAT CAGCAGGTGCTTTCTGAGTATCTGGAGAGTCCTCT
GGAGATGCATGAGCGCTACAGCTTTGAGCAGATTAGGCCCTATATGCTTCAGCCGGGGGATGATCT
GGGGGAGATGATAGCCCAGCACGCCAAGGTGGAGT TGCAGCCGGGCACGGTGTACGAGCTGAGGCG
CCCGATCACCATCCGCAGCATGTGTTACATCATCGGGAACGGGGCCAAGATCAAGATTCGGGGGAA
TTACACGGAGTACATCAACATAGAGCCGCGTAACCACATGTGTTCCATTGCGGGCATGTGGTCGGT
GACTATCACGGATGTGGTTTTTGATCGGGAGCTACCGGCCCGGGGTGGTCTGATTTTAGCCAACAC
GCACTTCATCCTGCACGGCTGCARCTTCCTGGGCTTTCTGGGCTCGGTAATAACGGCGAACGCCGG
GGGGGTGGTGCGGGGATGCTACTTTTTCGCCTGCTACAAGGCGCTGGACCACCGGGGGCGGCTGTG
GCTGACGGTGAACGAGAACACGTTTGAAAAGTGTGTGTACGCGGTGGTCTCTGCGGGGCGTTGCAG
GATCAAGTACAACTCCTCCCTGTCCACCTTCTGCTTCTTGCACATGAGCTATACGGGCAAGATAGT
GGGGAACAGCATCATGAGCCCTTACACGTTCAGCGACGACCCCTACGTGGACCTGGTGTGCTGCCA
GAGCGGGATGGTGATGCCCCTGAGCACGGTGCACATCGCTCCCTCGTCTCGCCTGCCCTACCCTGA
GTTCCGCAAGAATGTGCTCCTCCGCAGCACCATGTTTGTGGGCGGCCGCCTGGGCAGCTTCAGCCC
CAGCCGCTGCTCCTACAGCTACAGCTCCCTGGTGGTGGACGAGCAGTCCTACCGGGGTCTGAGTGT
GACCTGCTGCTTCGATCAGACCTGTGAGATGTACARGCTGCTGCAGTGTACGGAGGCGGACGAGAT
GGAGACGGATACCTCTCAGCAGTACGCCTGCCTGTGCGGGGACAATCACCCCTGGCCGCAGGTGCG
GCAGATGAAAGTGACAGACGCGCTGCGGGCCCCCCGGTCCCTGGTGAGCTGCAACTGGGGGGAGTT
CAGCGATGACGATGACTGAGGATGAGTCACCCCCTCCCCTCCTCTTGCAGGTACGTGGCCCCGCCC
AGTGGGATGGGCTTTGGATGGGGGAGGGGTGTTCCCTATAAAAGGGGGATGGGGGTGGAGGCATGC
AGCCCCACGGGGARAGCTTGTGTGGAGGATGTCTTCCGAGGGTGAGATCCGGACCTGCTTCATTTCA
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GCTCGTCTTCCCAGCTGGGCCGGCGTGCGTCAGGGAGTGGCCGGGACGAATGTGAACGGCGGAGTG
GTGGGCGCCCCTGCCCAGAGCGGGGTGCTGGCCTACTCCCGCTTCGTTCAGCAGCAACAGCAGCAG
CCGGGGACGGCOGCGACGGGGTCTGTGTTCCGGGCGGTGTTTCCATCGGTGGATCTCAGCGCGGAG
GTGGGCATGATGCGGCAGGCGCTGGCGGAGCTGCGGCAGCAGCTGCAGGAGCTGCGGGAGGTGGTG
GAGATACAGCTGCGGGCCACGGCCTCGGAGGCGGCCGAGGAGGAAGAGGAGGAGGAGATTGTGG TG
GCACGAGGAGGTGGCGCCCGGCGCTGGAGCGAACACCATGGAAGAGGAGGAGGATGAGATGGTCCTG
ACGATGACTGTGGTGGGGGACCCTGAGCCTGCTGGAGTGGAAGCCCAGCCGCCACCACCACCCACC
CCGGAGAGCGACCCTGCGGTGCCTGCTACTACCACTACCCCGAAGCGGCTCAGCTACGGCGCGAGT
ARGAGGAGCGGTCCATGCGCGGAGGACAACTGACGCGGACTGTGGGGGGAAGAAGGGGGAGGAGGA
RAGAAGACCATGGAGACGGGTGTTTGTCTTTTTCCAGCCCARACTTTATTGAGAATAATAATARAGC
TTATGGATGTTTGGAACGATAATAGCGTGTCCAGCGTTCTCTGTCTTGCAGGGTCTTGTGTATCTT
CTCGAGGCACCGGTAGACCTGGTGTTGGACGTTGAAATACATGGGCATGACTCCCTCGGCGGGRTG
CAGGTAAAGCCACTGGAGGGCTGGGTGCGGGGGGCAGGTGCAGTAGATGATCCAGTCATAGGCGTT
CTGECTTGCGGTGGTGGTTGAARATGTCCT TGAGGAGCAGGC TGATGGCGGTGGGCAGACCCTTGGT
GTAGGCATTGATGAACCGGTTGACCTGGGCGGGCTGCATGAGGGGGGACATGATGTGGTACTTGGC
CTGGATCTTGAGGTTGGAGATGTTGCCGCTCTGGTCGCGGCGGGGGTTCATGTTGTGGAGGACGAL
GAGGACGGCGTAGCCGGTGCAGCGGGGGAAGCGGGCGTGCAGC TTGGAGGGGAAGGCGTGGAAGAA
CTTGGCGACCCCCTTGTGTCCGCCGAGGTCCTCCATGCACTCGTCGAGGACGATGGCGATGGGTCC
GCGGGCGGCGGCGCGGGCGAAGACGTTGCGTGAGTCAGTGACATCATAGTTGTGC TCCTGCATGAG
GTCCTGGTAGCTCATGCGGACAAAGTCTGGCATGAGGGTGGCGGTCTGGGGGATTAGGGTGTGGTC
CGGACCGCTGCGGTAGTTGCCCTCGCAGATCTGGGTCTCCCAGGCGACTACCTCCTGCGGGGGGAT
CATGTCCACCTGCGGGGTGATGARGARAACAGTCTCCGGCGGGGGGGAGAGGAGT TGGGAGGAGAT
GAGGTTGCGGAGCAGCTGGGACTTGCCGGAGCCGGTGGGACCGTAGATGACAGCGATGACTGGCTG
CACCTGGTAGTTGAGGGAGCGGCAGGTGCCAGCCGGGGTGAGGAAGGGCATGCAGGCGTTGAGGGT
GTCGCGCAGGTTGCGGTTCTCTTGGACGAGGTCCTGCAGGAGGTGTCGGCCTCCCAGGGAGAGGAG
GTGGGAGAGGGAGGCGARGGCCTTGAGGGGCTTGAGGCCCTCGGCGTAGGGCATGTCCTGCAGGGC
CTGGTGGAGCACGCGCATGCGCTCCCAGAGCTCGGTTACATGTCCCACGGTATCGTCCTCCAGCAG
GTCTGGTTGTTTCTCGGGTTGGGGTTGCTGCGTGAGTACGGAACGAGGCGGTGGGCGTCGAGCGGG
TGGAGGGTCCGGTCCTTCCAGGGCCGGAGGGCCCGCGTGAGGGTGGTCTCGGTGACGGTGAAGGGG
GCGLTCTGGGGCTGCTCGGTGGCCAGGGTCCTCTTGAGGCTGAGGCGGCTGGTGCTGAAGGTGGCG
CTTCCGAGCTGCGCGTCGT TCAGGTAGCACTGGCGGAGGAGGTCATAGGAGAGGTGT TGGGTGGCA
TGGCCCTTGGCGCGGAGCTTGCCGGGGCCGCGGTGCCCGCARGCATCGCAAACGGTGTCGCGCAGG
GCGTAGAGCTTGGGGGCGAGCAGGACCGTCTCGGAGCTGTGGGCGTCGCTGCGGCAGCGCTCGCAC
TOGGTCTCGCACTCGACCAGCCAGGTGAGCTGGGGGTTCTGGGGATCGAAGACGAGGGGGCCCCCG
TTCCGCTTGAGGCGGTGTTTACCTTTGGTCTCCATGAGCTCGCGTCCGGCGCGGGTGAGGAAGAGG
CTGTCGGTGTCCCCGTAGACGGAGCGCAGGGGCCGGTCGGCGATGGGGGTGCCGCGGTCGTCGGCG
TAGAGGATGAGGGCCCACTCGGAGATGAAGGCACGCGCCCAGGCGAGGACGAAGCTGGCGACCTGC
GAGGGGTAGCGGTCGTTGGGCACTAATGGCGAGGCCTGCTCBGAGCGTGTGGAGACAGAGGTCCTCG
TCGTCCGCGTCCAGGAAGTGGAT TGGTCGCCAGTGGTAGTCCACGTGACCGGCTTGCGGGTCGGGG
GGTATARAAGGCGCGGGCCGGGGTGCGTGGCCGTCAGT TGCTTCGCAGGCCTCGTCACCGGAGTCC
GCGTCTCCGGCGTCTCGCGCTGCGGCTGCATCTGTGGTCCCGGAGTCTTCAGGTGGGTACGCTACG
ACAAAGTCCGGGGTGACCTCAGCGCTGAGGTTGTCTGTTTCTATGAAGGCGGAGGAGCCGACCGAG
AGGTCGCCGCGGGCGATGGCTTCGGTGGTGCGGGCGTCCATCTGGCTGGCGAAGACCACCTTCTTA
TTGTCGAGGCGTGTGGCGAAACTGCCGTAGAGGGCGTTGGAGAGAAGC T TGGCGATGCTCCGGAGT
GTTTGGTTTCTGTCCCGGTCGGCCTTTTCCTTGGCAGCGATGT TGAGCTGCACGTAGTCTCGGGCGS
AGGCAGCGCCACTCGGGGAAGATGCTGTTGCGCTCGTCCGGCAGGAGGCGCACGGCCCAGCCACGG
TTGTGGAGGGTGACCACGTCCACGGAGGTGGCTACCTCGCCGCGGAGGGGCTCGTTGGTCCAGCAG
AGGCGGCCGCCCTTGCGGGAGCAGTAGGGGGGCAGGACGTCCAGC TGGTCCTCGTCGGGGGEGTCG
GCGTCGATGGTGAAGAGGGCGGGCAGGAGGTCGGGGTCGAAGTAGCTGAGGGGCTCGGGGCCGTCG
AGGCGGTCCTGCCAGCGGCGGGCGGCCAGGGCGCGGTCGAAGGGGTTGAGGGGTTGGCCGGCGGGG
AAGGGGTGGGTGAGGGCGCTGGCATACATGCCGCAGATGTCATAGACGTAGAGGGGC TCCCGCAGGS
AGGCCGATGAAGTTGGGGTAGCAGCGGCCGCCGCGCAGGCTCTTCGCGGACGTAGTCATACAGCTC
GTGGGAGGGCGCGAGGAGGTTCGGCCGAGGTGCGGCGCCTGGGGCCGGCTGGCGCGGTAGAGGAGE
TGCTTGAAGATGGCGTGGGAGTTGGAGCTGATGGTGGGCCTCTGGAAGACAT TGAAGGCGGCGTGG
GCGAAGGCCGGCCTGCGTGTGGACGAAGGCGCGGTAGGACTCTTGCAGCTTGCGGACCAGACGGGTG
GTGACGACGACGTCCTGGGCGCAGTAGCGCAGGGTGGCCTGGACGATGTCGTARGCGTCCCCCTGR
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CTCTCCTTCTTCCACAGGTCCTTGTTGAGGAGGTACTCCTGATCGCTGTCCCAGTACTTGGCCTGT
GGGARGCCGTCCTGATCGCGTHAGTAGTCCCCCGTGCGGTRGAACTCGTTCACGGCATCGTAGGGG
CAGTGTCCCTTGTCCACGGCCAGCTCGTAGGCCGCGGCGGCCTTGCGGAGGCTGGTGTGCGTGAGG
GCGAAGGTGTCCCGGACCATGAACTTGACGTACTGGTGCTGGGGGTCCTCGGGGGCCATGACGCCC
TCCTCCCAGTCCGCGTAGTCGCGGCGCGGGCGGAAGGCGGGGT TGGGCAGGT TGAAGCTGATGTCA
TTGAAGAGGATGCGGCCGTTGCGCGGCATGAAGGTGCGGGTGACCAGGAAGGAGGGGGGCACCTCG
CGGCGGTGGGCGAGCACCTGCGCGGCCAGGACGATCTCATCGAAGCCCGAGATGTTCTCGCCCACE
ATGTAGACCTCCAGGARGAGGGGCGGCCCGCGCAGGCGGCGGCGCCGCAGCTCCCCATAGGCCAGE
GGGTCCTCGGGGTCGTCCGGCAGGCCGGGGCCCCGCTCCTGCGCCAGCTCGGCGAGGTCTGGET TG
TGGGCCAGCAGGTGCTGCCAGAGGGTGTCGGTGAGGCGGGCCTGCAGGGCGTGCCGCAGGGCCTTG
AAGGCGCGGCCGATGGCGCGCTTCTGCGGGCAGAGCATGTAGARGGTGTGGGCTCGGGTCTCCAGT
GCTGCAGGCGGGCTCTGGACGGCCACCACCTGCAGCGCGGCGTCCAGCAGCTCCTCGTCCCCCGAG
AGGTGGAAGACCAGCAGGAAGGGCACGAGCTGCTTTCCGAAGCGGCCGTGCCAGGTGTAGGTCTCC
AGGTCATAGGTGAGGAAGAGGCGGCGGGTGCCCTCGGGGGAGCCGATGGGGCGGAAGGCGATGGTC
TGCCACCAGTCGGCCGTCTGGCGCTGAACGTGGTGGAAGTAGAAGTCCCGGCGGCGCACGGAGCAG
GTGTGGGCGGTCTGGAAGATGCGGCCGCAGTECTCGCACT TCTGGGCCTCCTGGATGCTCTTCGATG
AGGTGGCAGCGGCCCTGGGTGARGAGCAGGCGGAGGGGGAAGGGGAGGCGGGGCGGCGGGCCCTCG
GGCGGGGGGTCCCAGCGCACGTGGTGCAGGTGGTGT TGCTGGCGGGTGACCACCTGGACGAAGETG
GGCCCGGCGGCGCGGGCCAGCTCCACCGCGGTCTGGGGGGTAGCCTGCAGGAGGTCGGGGRGCGGR
CGCAGGAGGTGCAGCTGGAAGAGGTTGGCCAGGGCGC TGTCCCAGTGGCGGTGGTAGGTGATGCTC
CAGCTCTCCCCGTCCTGGGTGGTGCCCTGGAGGCGGAGGGTGGCGCGGCGCTCGAGCAGGAGCCCC
CGLGTGLCGGCCTCCGCGGCCTCGGCGGCGGCGGCCGGTCTCAGGCGGGCAGCTGGGCCAGGGGCA
CGGGCGCGTTGAGCTCGGGCAGCGGGAGGTGGTCGCGGCGCAGACGCGAGGCGTGGGCGATGACGC
GGCGGTTGATGTTCTGGATCTGCGGGTTCCCGGAGAAGACCACGGGCCCGGTGACTCGGARCCTGA
ARGAGAGTTCCACGGAATCAATGTCGGCATCGTGGGTGGCCACCTGGCGCAGGATCTCGGACACGT
CCCCGCTGTTTTCGCGGTAGGCGATGTCCTGCATGARCTGCTCGAGCTCGTCCTCGTCCAGGTCCC
CGTGGCCGGCGCGCTCCACGGTGGCGGCCAGGTCGACGGTGATGCGGTTCATGATGGCCACCAGGES
CGTTCTCTCCGTTCTCGTTCCACACGCGACTGTAGACCAGCTGGCCGTCGGCGTCCCGCGCGCGCA
TGACTACCTGGGCCAGGTTGAGCGCCACCAGGCGGTTGAAGGGCGCCTGCAGGCGCAGGGCGTGGT
GCAGGTAGTTGAGGGTGGTGGCGATGTGCTCGCAGAGGAAGAAGTTTATGACCCAGCGGCGCAGGG
TCAGCTCGTTGATGTCGCCCAGGTCCTCGAGGCGCTGCATGACCCGGTAGAACTCGGGGGCGAAGC
GAAAAAACTCGTGCTGGCGGGCCGAGACCGTGAGCTCCTCTTCCAGGGCGGCGATGGCCTCGGCCA
CCGCCTGCCGCACCTCCTCCTCTAAGGAGGGCGGGGGCGTGCTGGGTCCGGCCACCGCCGCCTCTT
CTTCCTCTTCTCCCTCCAGGGGTGGCATCTCCTCGTCTTCT TCTTCTGCTGCTGCTGCCTCCGCGS
GGACGGGGGGCGCAGGCCGGGGACGGCGCCGGCGCAAGGGCAGCCGGTCCACGAAGCGCTCGATGA
CCTCGCCCCGCATGCGGOGCATGGTCTCGGTGACGGCGCGGCCGCCCTCCCGGGGCCGCAGCTCGA
AGGCGCCCCCGCGCAGCGCGGTGCCGCTGCAGAGGGGCAGGCTGAGCGCACTGATGATGCAGCOGTG
TCAACTCTCTCGTAGGTACCTCCTGCTGTTGCAGCGCTTCGGCAAACTCGCGCACCTGCTCTTCGE
ACCCGGCGAAGCGTTCGACGAAGGCGTCTAGCCAGCAACAGTCGCAAGGTAAGT TGAGCGCGGTGT
GCGTCGGGAGCCGGAGGTGCCGGCTGACGHGGRAGTGAAAGTAGGCCGTCTTGAGCTGCCGGRTGG
CGCGCAGGAGGGTGAGGTCTTTGCGGCCGGCGCGCTGCAGGCGGATGCGGTCGGCCATGCCCCAGG
CCTCCTGCT GGCAGCGGCCGATGTCCTTGAGCTGCTCCTGCAGCAGATG TGCCACGGGCACGTCCC
GGTCGGCGTCCAGGTGGGTGCGACCGTAGCCCCGCAGGGGGCGCAGCAGCGCCAGGTCGGCCACCA
CGCGCTCGGCCAGGATGGCCTGCTGCATGCGCTGCAGGGAGTCTGAGAAGTCATCCAGGTCCAGGA
RCCGGTGGTAGGCGCCCGTGTTGATGGTGTAGGAGCAGT TGCCCAGCACGGACCAGTTGACCACCT
GGTAGTGGGGCTGGATGACCTCGGTGTAGCGCAGTCGACTGTAGGCGCGCGTGTCAAAGATGTAAT
CCTTGCAGAGGCGCAGCAGGTGCTGGTAGCCCACGAGCAGGTCGGGCGGAGGGTAGAGGTAGACGE
GCCAGTGTTCCGTGGCCGGTTGGCGGGGGGAGAGGTTCATGAGCATGAGGCGGTGGTAGCGGTAGA
TGAARGCGGGACATCCAGGCGATGCCGACGGCGGAGACGGAGGCGCGGGTCCACTGGTGGGCGCGGT
TCCARRTGTTGCGCACCGGGCGGAAGAGCTCCACGGTGTAAATGGATTGCCCCGTGAGGCGGGCGE
AGTCGAGGGCGCTCTGTCAAAAAGARCCGGGTGTGGTTGGTTGGTGTGTGG TAGCGATCTATCTTT
CTTTGTGATCTTGGTAGTGAAGCCTGCCAGGCTCCAGCAGGGGGCGTCCGCCGTCTTTCCTTCCTT
CCCTATCTGGAGGTGTGTCTCTGTTCTCTTTTTTATTTCATGTAGCCATGCATCCCGTTCTGCGGC
AGATGARGCCGCCGGCCGGCGCCCTGGGCGCGGAGGGGGCGACGCGCTCTCGGTCGCCCTCGCCGT
CGLCTGACGCGGCCGCGCGAGGAGGGGGAGGGCCTGGCGCGGC TG TCGGGCGCGGCGGCCCCCGAGT
GGCACCCACGGGTGCAGCTCAAGCGAGAGGCCATGGAGGCCTATGTGCCGAGGCAGAATGCGTTCC
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GCGAGCGACCGGGGGAGGAGGGGGAGGAGATGAGGGACCTGCGGTTCCGCGCGGGGCGGGAGATGE
AGCTGGRCCGGGAGCGAGTGCTCCAGCCCGAGGACTTTGAGGGGCGCGTGGHGGAGGCGGGGGGAG
TGAGCGCGGCGCGGGCCCACATGAGCGCGGCCAGCCTGGCCCAGGCCTACGAGCAGACGGTACGCG
AGGAGGTCAACTTCCAARAAGACCTTCAACAACAACGTGCGCACCCTGGTGAGCCGGGACGAGGTGA
CCATGGGACTGATGCACCTGTGGGACT TTGTGGAGGCCTTCCTGCAGCACCCCCGGTCCCGCGCGT

TGACCGCGCAGCTGCTGCTGATCGCGCAGCACTGCCGGGACGAGGGCATGGTGAAGGAGGCGCTGE
TGAGCCTGGGCGCGCCCGAGAGCCGCTGGCTGGTGGACCTGGTGAACCTGCTCCAGACCATTGTGG
TGCRGGRGCGGTCCATGAGCCTGAGCGAGAAGGTGGCGGCCATCAACTACTCGGTGGCGACCCTGG
CCAAGCACTACGCGCGCAAGATCTCCACCTTCTACATGCGCGCGGTGGTCGAAGCTGCTGGTGCTCG
CCGACAACCTGGGCATGTACCGCAACAAGCGGCTGGAGCGCGTGGTCAGCACCTCGCGGCGGCGCR
AGCTCAATGACAAGGAAGCTCATGTTTGGCCTCCGCCGGGCGCTGGCCGGGGAGGGCGAGCAGGAL
CTGGAGGAGGAGGAGGACCTGGAGGAGGCGGAGGAGGAGGAGCTGGAAAGAGGAGGAGTTCGGTCC
CCGGGGACCGCGGCGCGTGAGGTGGCAGTCCCCGCTGACTGCGAGCGATGAGGGTGATGTGTACTG
ATGGCAACCATCCCCCTTTTTAACAACAACAGCAGCATGGCGGCGAGCTCTGARGCTGGGGCGECE
GCGGCGGGGGTGAGCGCGGCCTCCCTGGCGCCCGAGCGGGCGACGCGGATGCAGGCGCTGCCCTCC
CTGGACGAGCCTTGGGAGCAGGCTCTGCGGCGCAT CATGGCGCTGACGGCCGACGGGTCTCGGCGE
TTCGCGAGCCAGCCCCTGGCCAACCGCATCGGGGCCATCCTGGAGGCGGTGGTGCCTCCGCGCACG
AARCCCGACGCACGAGAAGGTGCTGACCGTGGTGAACGCGCTGCTGGAGACCTCGGCCATCCGCCCE
GACGAGGCCGGCATGGTGTACGATGCGCTGCTGGAGCGGGTCTCCCGCTACAACAGCGGCAACGTG
CAGACCAACCTGGACCGGCTGTCCCAGGACGTGCGGCAGGTGATCGCCCAGCGCGAGCGCTCGAGC
GCCAACAACCTGGGCAGCCTGGCCGCGCTGAATGCCTTCATCGCCTCGCTGCCCGCAACGGTGGAG
CGGGGCCAGGAGAGCTACCTGGGGTTCCTCAGCGCGCTGCGGCTGCTGGTGAGCGAGGTGCCGCAG
ACGGAGGTGTTCCGCTCGGGGCCGCACACCTTCCTGCAGGCGGCGCGGAACGGTTCCAAGACGGTS
AARCCTCAACCRAGGCCATGGAGAACCTGCGGCCCCTGTGGGGGCTGCAGGCCCCCGCTGGGGAGCGC
GGGCACGTGTCCTCCCTGCTGACGCCCAACACCCGGCTGCTGCTGCTCCTGGTGGCTCCCTTCGCG
GAGGAGATGAACGTCAGCCGGAGCTCCTACATTGGGCACCTGCTGACACTCTACCGCGAGACGCTG
GCCAACTTGCATGTGGACGAGCGCACGTACCAGGAGATCACCAGCGTCAGCCGGGCGTTGGGCGAC
GAGGACGACGCGGCGCGGCTGCAGGCCACCCTCAACTTCTTCCTGACCAACCGGCAGCGGCGGCTG
CCGGCGGCGTATGCCCTGACCGCCGAGGAGGAGCGCATCCTGCGCTACGTGCAGCAGGCCGTGAGC
CTGTACCTGATGCAGGACGGGGCGACGGCCACGGGCGCCCTGGACGAGGCCAGCCGCARACCTGGAG
CCCAGCTTCTACGCGGCGCACCGGGACTTCATCAACCGCCTGATGGACTACTTCCATCGCGCGGCC
GCGGTGGCGCCCAACTACTTTATGAATGCCGTCCTGAACCCCCGCTGGCTGCCCTCGGAGGGCTTC
TTCACCGGCGTGTATGACTTCCCGGAGCAGGACGAGGGGGAGGAGCGGCCCTGGGACGCCTTTGAC
AGCGACGAGGAGGGCCGCCTCATGCTGCGGTCCGCAGCCTCCTCAGAGCCCTCCTCCTCCTTCACC
CCCCTGCCCCTGACCGAGGAGCCGCCCTCGCGGCCCTCCACCCCGGCCCTCTCGCGCGTCCCGTCC
CGGGCATCCTCCCTGCTCTCTCTGGCCTCTCTGGGARAGCGGGAGGGAGGGGACTCGCTCGCCTAC
TOGCCGGCCACGCCCACCTATGGCTCTCGCTGGGGCTCGCGCCGCTCCAGCCTGGCCAGCGGCGLC
GACAGCCTGGAGTGGGACGCGCTGCTGGCCCCTCCCAAGGATGTGAACGAGCACCCAGGCGCCGCC
GCCGGCCGCCGCCGCCGLGCCTCCCGCTCCTCCCTGGAGGAGGACATCGACGCCATCAGCAGCCGG
CTGTTCACCTGGCGCACGCGCGCCCAGGAGATGGGCCTGCCCGTGGCCAGCTTCTCCCGCCGCCAC
CAGCCGCGCCCCGGGGCCCTCGAAGACGACGAGGAGGAGGAAGACTGGCGCCAGGACCGGTTCTTT
CGCTTCGAAGCGCCCGAGGAAAACCCCTTCCGCCACATCGCCCCCAAGGGGCTGTAATGCAAARRAA
GCAAAATAARARACCCCTCCCGGTCCAACTCACCACGGCCATGGTTGTCCTTGTGTGCCCGTCAGA
TGAGGAGGATGATGCCAGCAGCGCCGCCGCAGGGAGCGTCGCCTCCGCCGTCCTACGAGAGTGTGG
TGGGGTCTTCGCTCACGGAGCCTCTTTATGTGCCGCCGCGGTACCTGGGCCCCACCGAGGGGCGGA
ACAGCATCCGTTATTCACAGCTCCCGCCGCTCTACGATACCACAAAGATCTATCTGATCGATAACA
AGTCGGCGGATATCGCCAGTCTGAACTACCAAAACAACCACAGTGACTTTCTCACCAGCGTGGTGC
AGAACAGCGACTTCACGCCCATGGAGGCGAGCACGCAGACCATCAACCTGGATGAGCGCTCGCGCT
GGCGCGCGGGGAGTTTAAGAGCATTCTGACCACCAACATCCCCAACGTGACCCAGTACATGTTCAGCA
ACAGCTTCCGGGTGCGCCTGATGAGCGCGCGCGATAAAGAGACAAATGCCCCCACCTACGAGTGGT
TCACCCTGACCCTGCCCGAGGGCAACTTCTCGGACATCGCGGTCATCGACCTGATGARCAACGCGA
TCGTGGAGAACTACCTGGCGGTGGGGCGGCAGCAGGGGGTCAAGGAGGAGGACATCGGGGTGAAGA
TCGACACGCGCAARCTTCCGCCTGGGCTATGACCCGGAGACCAAGCTGGTCATGCCCGGCAGCTACA
CCARCATGGCCTTTCACCCCGACGTGGTGCTGGCACCGGGCTGCGCCATCGACTTCACCTTCTCCC
GCCTAARCAACCTGCTGGGCATCCGCAAGCGCTACCCCTACCAGGAGGGCTTCATGCTGACCTACG
AGGACCTGGCGGGGGGCAACATCCCCGCGCTGCTGGACCTCACCACCTATGATCAGGAGAACTCCA
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GCACCATCAAGCCCCTGAAGCAGGACAGCAAGGGTCGCAGCTACCACGTGGGCGAGGACCCCGAGG
CGGGGGACACCTTCACCTACTACCGCAGCTGGTACCTGGCCTACAACTACGGGGACCCGGCCACGG
GCACCGCCTCCCAGACGCTGCTGGTCTCCCCGGACGTAACCTGCGGAGTGGAGCAGGTCTACTGCGA

GCCTGCCGGACCTGATGCAGGACCCGGTGACCTTCCGGCCCAGCCAGACGCCGAGCAACTACCCGG
TGGTAGCCACGGAGCTACTGCCGCTGCGCTCCCGGGCCTTCTACAACACCCAGGCCGTGTACTCCC
AGCTCCTGCAGCAGGCCACCAACAACACCCTGGTCTTTAACCGCTTCCCGGAGAACCAGATCCTCC
TGCGCCCGCCAGAGTCCACCATCACCTCCATCAGCGAGAACGTGCCCTCGCTGACGGACCACGGCA
CGCTGCCGCTGCGTARCAGCATCCCCGGGGTGCAGCGGGTAACCGTCACCGACGCGCEGCGCCGLE
TGTGTCCCTATGTGTACAAGAGTCTCGGGGTGGTGACCCCGAGGGTGCTCAGCAGCCGAACCTTCT
AACCGACAGCCCTACCCGTCACAGGGGAGACAGAGAAAAGACAGCCAGCCCCGCCATGGCCATCET
CGTCTCGCCCAGCAACAACTTTGGCTGGGGACTGGGCCTGCGCTCCATGTACGGGGGCGCCCGCEG
CCTGTCCCCGGATCACCCCGTGATCGTCCGACGCCACTACCGGGCCAACTGGGCCAGTCTGAAGGS
ACGCGTGGCCCCCAGCACCATAGCGACAACGGATGACCCTGTGGCCGACGTGGTCARCGCGATCGC
CGGCGCCACCCGCCGCCGGCGCCGCCATCGTCGACGTCGGAGGGCCGCGCGCGTCTCCTCCGTGGE
CGTCACCGGGGACCCGGTGGCCGATGTGGTCARCGCGGTGGAGGCGGTAGCCCGGCGCCGCCGCGC
GCCGGCGCCGTTCTTCGCGCATGCAGACCACGGGGGACCCCGTGGCGGATGTGGTGGCGGCGGTGGA
AGCGGTGGCGCGCCGGAGGCGGAGCACCCGGCGGLCGGCGCAGGCGCTCCGCGCCGGCCATCCTGGS
GGTGCGCCGCAGCCGCCGCCTCCGCAAACGCACCTCGTCCTGAGATTTTTGTGTTTTGTTTTTTCT
GCCTCCCGTGGGTGAACAAGTCCATCCATCCATCCAACATCCGTGGCTGCTGTGTCTTTGTCTTTT
CTTTGCGTTGCGCCCCAGTTGAGCCGGCACCGACGCGCTCGGCCATGGCCATCTCGCGCCGCGTGA
ARAAGGAGCTGCTGCAGGCGTTGGCGCCCGAGGTGTACGGGGCGCCTAAGAAGGAGGAGAAGGACG
TCAARAAGAGGAGTCCARAGCTGACCTTARACCGCTGAAGAAGCGGCGCAAGGCCAAGCGGGGGTTGA
GCGACAGCGACGAGGTGCTGGTGCTGGGCACGCGCCCCAGGCGCCGCTGGACGGGGCGGCGCGTGE
GCGCCCACCTACCGCCCGGTGCCAGCCTCGCCTACGTCCCGGGTCTTCGGAGGTCGAGCGCCACCA
AGCGCTCTGCGGACGAGTTGTATGCGGACACGGACATCCTGCAGCAGGCGTCCCAGCGCCTGAACG
AATTTGCTTATGGCARGAGAGCCCGGCGGCAGCGGCGGGCCCGCCCCTCGCCGACCCCCGLGTCCC
GCCGGCCGGACCACCAAGCGCTCTTATGACCGAGGTCGTGGCAGACAGTGACATCCTGCAGCAACTTG
GATCCGGGGACCGCTCCAATGAGTTCTCCTATGGCAAGCGGTCGCTGCTGGGGGAGTCAGGAGACA
CCGTCCCGGCTGTGGCCGTCCCGCTGGAGGAAGGCAGGAACCACACACCCAGCCTGCAGCCGCTCA
CCGAGCCCATGCCCCTGGTGTCCCCTCGCACGGCCGTCAAGCGCCGGGCGCCCGCCGACGAGCCCA
CCGCCTCACTGGTCCCCACCGTGCAGGTCCTGGCCCCCAAGCGTCGTCTGCAGGAGGTGGTGGTGS
AGCCGCCCGCTCCAGCACCCACGCCGCCCCTAGCCCCGCGGCGGTCCAGCCGGCGCATCATTCTGG
CTCCGCGCCGGGLGGGLCGGCCCCAGGCCGTCGTGGCGCCGCAGCTCAGCGCGGCCGCGGLGCTGG
AGCGGGCGGCGGCCGCCGTGCCCCTGCCACCGGACACGGAGGACGACCTGGTGGAGATGGCAGAGG
CTGTCGCCGCGCCCGAGGTGCTGCCCAGCCTCCCCGTCTCCATCATGCCGCCCACCGCCACGGAGE
TGGCCCTGCCCGTACAGACCCCACTGCCGCCCGTGGCGGTGGCCAAGAGCTCCCTGACCCCCGGCC
TCCGCGCGCTGATGGGCACCGAGCGGGTGCCGGTTCCAGTCCTGGAGGCGCCCCTGGTGGCCATGC
CCGTGCTCCGGGCCACCACCGCCCGTGCCGAGCCCCCGCGCCGCGTGCLCCCGCAGGGCCGTGCGGG
ACATCCCGGCCAGGCAGCCCCGCACGGTATCCCTGCCCGTGCTCACGGAGCCCGGCCCGGCCACCS
CGGTCGCCTCCGTGCGCGCGGCAGCCCAAGTCCTGCAGGCGCCCCCCGCCCGACCGGCCACCGTCT
CCGTGGGGETGGGCACCGAGCCGGTGGTGCAGTCCATCACGGTCAAGCGGTCAAAGCGCCTGACCA
AGCACCATCGGGGTGCAGACCATCGACGTCACCGTGCCCACCGTCCGCACTGTCAGCGTGGGCACT
AACACGCCCCGGCTGAGGAGCGCCTCGGTGGGCGTCCAGACCGCTCCCGAGACCCGCTCCCAGGGE
GTGCAGGTGGCTTTCCAACCAGCGTGCTAGCCCACCGCACACCCAGGCAGGTGCGGCTGACGGCGG
TGGTGCCCCCCACCCCGCGCGCCCCGGTGGTTCCGGTGGCCCGGCGCCCGCGGCGGTTCCGGTGCC
TCCCCCAGCCCCTCCAGCCCCGCGCGCGCCGCGTGCGCCTCGCGCCCCCAGAGCGCCTCGGCGTCG
CCGLCCGTACCCCGGTGGCGGTGGCAGCGCCGCCCGCCCGCAGCGGCGGTCCCCCGCCCTCGGLTGR
CGAGGCGGCCCATCGTGCTGCCCGGGGTGCGUTATCATCCCAGTCAGGCCATGGCTCCCACCGCCC
ARCGCGTCATCTGGCGTTGATTTATTTTTGGAGACCTGACTGTGTTGTGTTCCTTARATTTTTTAT
CCTCCTCCTCCTCTGCTGAAGCCAGACGATGCTGACCTACCGGTTGCGGCTGCCCGTGCGGATGEG
GAGACCGAGACTCCGCGGTGGGTTCCGCGTGGCGCCTCGGCGCAGCGGCGGCAGGCGGCGGTACCG
CCGGGEGGCCGATGAGGGGTGGCATCCTGCCGGCGCTGGTGCCCATCATCGCGGCATCCATCTGGGC
CATCCCCGGCATCGCCTCGGTGGCGATGAGTGCTAGACAACGCAATTAACGGCGCTGCTGTGTATG
TOTGTCTTCCATGTGCCTTCCTTCCTTCGTTCCCAACGGARCAGCAGCACCGTCTCCATGGAGGAC
CTAAGCTTTTCCGCGTTGGCTCCACGCTTTGGCACGCGGCCGGTCATGGGCACTTGGAGCGAAATC
GGCACGAGTCAGATGAACGGCGGCGCGCTCAGCTGGAGCAATATCTGGAGCGGGCTGAAGAGCTTT

FIG._1-5




U.S. Patent Oct. 6, 2009 Sheet 6 of 14 US RE40.930 E

GGTAGTTCTCTGGCCTCCACGGCCAACAAGGCCTGGAACAGCGGGACGGTGACGAGCGTGCGCAAC
AAGT TGAAGGATGCCGACGTGCAGGGGARGATAGGTGAGGTCATTGCCTCCGGGGTCCACGGTGCC
CTGGACGTGGCCAACCAGGCCGTCTCCCACGCCGTGGACCGCCGGTGCARCAGCAGCAGCTGCGGE
AGCAGCAGCTCCTCCGCCAGCAGCAGCARCAGATGGGCCTCGTGGAACCCTCCTATGAGATGGAGA
CAGACGAGCTGCCTCCTCCCCCCGAGGACCTCTTGCCTCCTCCTCCTCCTCCGCCGCCTGCCTCGG
CCACTCCCGCGCGCCAATCCCGCGGGACGTCCCGCCARGCGCCCGCCGCCGCCCAGGAGATCATCA
TCCGCTCCGACGAGCCCCCTCCCTATGAAGAGCTGTATCCCGACAAGGCCGGGATCCCCGCCACCT
TGGAGCTGCGTCCCGAGACCAAACTGCCCGCCGTGGCCCACAATAAGATGCGCCCCCCGCCGCCGL
TCACCACCACCACCTCCTCCGCTGCCGCCGCCGCCCCCGCCCCGGCCCCCGCEGCTCCTGTGCGTC
GGCGTCCGGCCGCGGCTCCGGCCGCGGCTCCGGCGAGTTCCARAGGCCCCCCAGGTGGGGGTCCGE
GCGCGCGGGTGGCARAACAAACTCAACACCATTGTGGGACTGGGTGTCCGCACATGCARGCGCCGT
CGTTGTTACTGAGAGAGACAGCATGGAGAAACAACARTGTCTGGAT TCARATARAGACACGCCTAT
TCTTCCACGGTGCTCCGCGCTGTGTTATTTTCAACGGGCTGTTTCCTTTTGCATCTCTGTGCCATC
GCGCCACGGGGAATTCCGCAGGATGGCGACGCCGTCGATGATGCCGCAGTGGTCCTATATGCACAT
CTCCGGGCAGGACGCGTCCGAGTACCTGTCTCCCGGGCTGGTGCAGT TCTCCCAGGCGACGGAGAC
CTACTTTAACCTGAACAACAAGTTTAGGAACCCCACCGTCGCGCCCACCCACGATGTGACGRCGGA
GCGCTCGCAGCGGCTGCAGCTGCGCT TCGTCCCCGTGGACARGGAGGACACTCAGTACACATACAR
GACCCGCTTCCAGCTGGCGGTGGGCGACAACCGCGTGTTGGACATGGCGAGCACCT TCTTTGACAT
CCGGGGARCGCTGGACCGGGGACCCTCCTTCARACCGTACTCGGGCACCGCGTACAACATCATGGC
TCCCAARGAGCGCTCCCAACAACTGTCAARTATCTAGACCCTAARGGTGARACTGAGGCTGGCAAAGT
TAATACCATTGCTCAAGCAAGTTTTGTGGGTCCTATTGATGAAACCACGGGAGACATTARRATTAC
AGAAGAAGAAGACGARGAGACCACCATCGATCCTTTGTATGAGCCCCAACCCCAGCTTGGTCCARG
CTCGTGGTCAGACAATATACCTTCTGCGACTAGCGGAGCTGGAAGAGTTCTCAAACAGACCACACC
GCGTCAACCTTGTTACGGTTCTTATGCCTCTCCGACAAATATTCACGGTGGGCAARCGARGGATGA
CARGGTTACACCATTGTACT TTACAAACAATCCCGCCACCGAAGCCGARGCACTCGAAGARAATGG
ATTAAAGCCAARATGTCACCCTATACTCAGAGGATGTTGACCTARAAGCACCAGATACTCATCTGGT
CTATGCTGTGAATCAAACCCAGGAATTCGCTCAATATGGACTTGGACAACAGGCCGCTCCAARCAG
GGCCAATTACATCGGCTTCAGGGACAACT TTATCGGGCTGTTGTACTACAACAGCAATGGCAACCA
GGGCATGCTAGCCGGTCAGGCCTCTCAGCTCARCGCGGTGGTCGACCTGCAGGACAGGAATCACCG
AACTAGCTACCAGCTCTTCCTCGATAGCCTCTATGACAGGTCGAGGTACTTTAGCCTGTGGAACCA
GGCCATCGATTCTTATGACAAGGATGTGCGTGTGCTGGARAACAATGGCGTGGAGGACGAGATGCC
CAACTTTTGCTTTCCCATCGGCGCCATCGAGACCARCATGACATTTACACAGCTCAAARAGAGTGA
GAATGGTGGCTCAAGAGCCACARCCTGGACAAAGGAGARATGGGGAT GATGGCGGARACGGAGCGGA
GCACTACCTGGGCATCGGCAACCTCAARCGCCATGGAGATCARTCTCACGGCCARCCTCTGGCGCAG
CTTCCTCTACAGCAACGTGGCGCTGTACCTGCCTGACAAGTACARGT TTTCCCCGCCCAARCGTCCC
CATCGACCCCAACACGCACTCCTATGACTACATCAACAAGCGCCTGCCCCTCARCAACCTCATTGA
TACCTTTGTCAACATCGGGGCGCGCTGGTCCCCGGATGTCATGGACARCGTCAACCCCTTCAACCA
CCACCGCAACTACGGCCTGCGCTACCGCTCCCAGCTCCTGGGCAACGGCCGCTACTGCAAGTTCCA
CATCCAGGTGCCGCAAAAGTTCTTTGCCCTCARGAGCCTGCTGCTCCTGCCGGGGGCGACCTACAC
CTACGAGTGGTCCTTCCGCAAGGACGTCAACATGATCCTCCAGTCCACGCTGGGCAACGACCTCCG
CGCGGACGGGGCCAAAATCARCATCGAGAGCGTCAACCTCTACGCCAGCTTCT TTCCCATGGCCCA

CAACACCGCCTCCACCCTGGAGGCCATGCTGCGCAACGACACCARCAACCARAACCTTTATTGACTT
CCTCTCCTCCGCCAACATGCTCTACCCCATCCCGGCCARCGTCACCAACCTGCCCATCTCCATTCC

CAGCCGCAACTGGGCCGCCTTCCGCGGCTGGAGCTTCACGCGGCTGAAGCACAACGAGACCCCCGC
CCTGGGCTCGCCCTTCGACCCCTACTTTACCTACTCGGGCTCCATCCCCTACCTGGACGGGACCTT
CTACCTGGGCCACACCTTCCGCCGCATCAGCATCCAGTTCGACTCCTCCGTGGCCTGGCCGGGLAA
TGACCGCCTGCTCACTCCCAACGAGTTCGAGGTCAAGCGCACCGTGGACGGGGAGGGCTACACGGT
GGCCCAGACCAACATGACCAAAGACTGGTTCCTGGTGCAGATGCTCGCCCACTACAACATCGGCTA
CCAGGGATACCACCTGCCAGAGGGCTACCGCGACCGCACCTACTCCTTCCTGCGCARACTTTGAGCC
CATGTGCCGCCAGGTGCCCGACTACGCCAACCACAAAGATGAGTACCTGGAGGTGCCCACCACCAA
CCAGTTCAACAGCAGCGGCTTTGTATCCGCGGCCTTCACCGCCGGCATGCGCGAGGGGCACCCATA
CCCCGCCAACTGGCCCTACCCGCTCATCGGCGAAGACGCCGTGCAGACCGTGACCCAGCGCAAGTT
CCTCTGCGACCGCACGCTCTGGCGCATCCCCTTCTCCTCCAACTTCATGTCCATGGGCACCCTCAC

CGACCTGGGCCAGAACCTCCTCTACGCCAACTCGGCCCACGCCCTCGACATGACCTTCGAGGTCGA
CGCCATGGATGAACCCACCCTCTTGTATGTTCTGTTCGAGGTCTTTGACGTCTGCGGCGTGCACCA
GCCGCACCGAGGCGTCATCGAGGCCGTCTACCTGCGCACGCCCTTCTCCGCCGGGAACGCCACCAC
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CTARGGCGGAGCCGCGCAGGCATGGGCAGCACCGAGGACGAGCTCCGAGCCATGGCGCGCGACCTC
CAGCTGCCCCGCTTCCTGGGCACCTTTGACAAGTCCTTCCCGGGCTTCTTGCAAGAGTCCCAGCGC
TGCTGCGCCATCGTCAACACGGCCGCCCGCCACACCGGAGGCCGCCACTGGCTGGCCGTCGCCTGG
GAGCCCGCCTCGCGCACCTTCTACTTCTTTGACCCCTTCGGCTTCTCCGACCGGGAGCTCGCCCAG
GTCTATGACTTTGAGTACCAGCGCCTGCTGCCGCAAGAGCGCCATCCAGAGCACCCCGGACCGCTGC
CTCACGCTCGTCAAGAGCACCCAGAGCGTGCAGGGACCGCACAGCGCCGCCTGCGGACTCTTCTGC
CTCCTCTTCCTCGCCGCCTTTGCCCGCTACCCCGACAGCCCCATGGCCTACAATCCCGTCATGGAC
CTGGTGGAGGGCGTGGACARCGAGCGGCTCTTCGACGCCGACGTCCAGCCCATCTTCCGCGCCARNC
CAGGAGGCCTGCTACGCGTTCCTCGCTCGCCACTCCGCCTACTTCCGCGCCCACCGCCACGCCATC
ATGGAACAGACACACCTGCACAAAGCGCTCGATATGCAATAAAGGCTTTTTATTGTAAGTCAARAR
GGCCTCTTTTATCCTCCGTCGCCTGGGGGTGTATGTAGATGGGGGGACTAGGTGAACCCGGACCCG
CCGTLGGCTCCCCTCCATCCCCTCTTCTCTCARAACAGGCTCTCATCGTCGTCCTCCGTTCCCACG
GGGAAGATGGTGTTCTGCACCTGGAACTGGGGCCCCCACTTGAACTCGGGCACCGTCAGTGGAGGC
CGCGTCTGCATCAGGGCGGCCCACATCTGTTTGGTCAGCTGCAGGGCCAGCATCACATCGGGGGLG
CTGATCTTGAAATCACAATTCTTCTGGGGGTTGCCGCGCGACCCGCGGTACACCGGGTTGTAGCAC
TGGARCACCAGCACCGCGGGGTGGGTCACGCTGGCCAGAATCTTGGGGTCTTCCACCAGCTGGGGG
TTCAGCGCCGCCGACCCGCTCAGCGCGAAGGGGGTGATCTTGCAGGTCTGCCGGCCCAGCAGGGGC
ACCTGGCGGCAGCCCCAGCCGCAGTCGCACACCAGCGGCATCAGCAGGTGCGTCTCCGCGTTGCCC
ATCCGGGGGTAGCAGGCCTTCTGGAAAGCCTTGAGCTGCTCGAAGGCCTGCTGCGCCTTGGAGCCC
TCCGAGTAGAAGAGGCCGCAGGACCGCGCCGACAAGGTGTTGGGCGGCCGACCCCACGTCGTGGCTG
CAACACATGGCCCCGTCGTTGCGCAGCTGCACCACGTTGCGGCCCCAGCGGTTGOTGGTGATCTTG
GCGCCGCTCGGGGGTCTCGCGCAGGGCGCGCTGCCCGTTCTCGCTGTTGAGATCCATCTCCACCAGC
TGCTCCTTGTTGATCATGGGCAGCCCGTGCAGGCAGTGCAGCCCCTCCGAGCCGCTGCGGTGCTGC
CAGATCACGCACCCGCAGGGGTTCCACTCGGGCGTCTTCAGACCCGCCGCCTTCACCACARAGTCC
AGCAGGAAGCGGGCCATCACTGTCAGCAGGCTCTTTTGCGTGCTGAAGGTCAGCTGGCAGCTGATC
TTGCGCTCGTTCAGCCAGGCTTGGGCCCCGCGCCGGAAGCACTCCAGGGTGCTGCCGTCCGGCAGC
ARGCGTCAGGCCCTTGACATCCACCTTCAGGGGGACCAGCATCTGCACAGCCAGATCCATGGCCCGC
TGCCACTTCTGCTCCTGAGCATCCAGCTGCAGCAGCGGCCGGGCCACCGLCGGGCTCGGGGTCACC
GGGCGCGGGGGGCGGGCCCCCTCCTCTTCCTCCCCATCTTCGLCCTTCCTCCTCGCGGGCCGCGLC
GTCGCCGCTGCCGTCTCTTCAGCCTCGTCCTCCTCCTCCTCGCTGACCAGGGGCTTGGCACGCGCE
CGCTTCCGCCGCTCCTGCACGGGCGGAGAGGCCGCGCGCTTGLGGCCTCCCCCGLGCCGGCTGGGE
GTCGCGACAGGAGCGTCGTCCACAATCAGCACCCCCTCTTCCCCGCTGTCATAGTCAGACACGTCC
GAATAGCGGCGACTCATTTTGCTTCCCCTAGATGGAAGACCAGCACAGCCGCAGCCAGTGAGCTGGG
GTCCTCCGCGGCCCCGACCCTTCCGCCGCCACCACCGCCGCCACCTCCGCCCACGTCACCGCCACT
TTCACTGCAGCAGCGGCAGCAGGAGCCCACCGARACCGATGACGCGGAGGACACCTGCTCCTCGTC
CTCCTCGTCCTCCGCCTCCAGCGAGTGCTTCGTCTCGCCGCTGGAAGACACGAGCTCCGAGGACTC
GGCGGACACGGTGCTCCCCTCCGAGCCCCGCCGGGACGAGGAGGAGCAGGAGGAGGACTCGCCCGA
CCGCTACATGGACGCGGACGTGCTGCAGCGCCACCTGCTGCGCCAGAGTACCATCCTGCGCCAGGT
CCTGCAGGAGGCCGCCCCCGGCGCAGCCGCGGAGGCCGCCGAGGCGCCCTCGGTGGCGGAGCTCAG
CCGCCGCCTGGAAGCGGCCCTCTTCTCCCCCGCCACGCCGCCGCGGCGLCAGGAGARACGGARCCTG
CGCCCCGGACCCCCGCCTCAACTTICTACCCGGTCTTCATGCTGCCCGAGGCCCTGGCCACCTACCT
CCTCTTCTTCCACAACCAAAAGATCCCCGTCAGCTGCCGCGCCAACCGCCCACGAGCCGACGCGCA
CTGGCGGCTGCCCAGTGGGACCCCCTTACCTGACTATCCAACCACCGACGAGGTTTACAAGATCTT
TGAGGGCCTGGGGGACGAGGAGCCGGCCTGCGCCAACCAGGACCTGAAAGAGCGCGACAGCGTGTT
AGTCGARGCTCAAGCTGGACARCCCCCGCCTGGCGGTGGTCAAGCAGTGCATCGCCGTCACCCACTT
CGCCTACCCGGCCCTGGCGCTGCCACCCAAGGTCATGAGCACGCTCATGCAGACCCTGCTGGTGCG
CCGCGCGAGCCCACTCCCCGACGAGGGCGAGACGCCCCTCGAGGACCTCCTGGTGGTCAGCGACGA
GCAGCTGGCCCGCTGGATGCACACCTCGGACCCCAAGGTCCTGHGAGGAGCGGCGCAAGACCGTCAC
CGCCGCCTGCATGGTCACGGTGCAGCTCCACTGCATGCACACCTTCCTCACCTCCCGCGAGATGGT
GCGCCGCCTCGGAGAGTGCCTCCACTACATGTTCCGCCAGGGCTACGTCAAGCTAGCTAGCAAGAT
CGCCAATATGGAACTCTCTAACCTGGTCTCCTACTTGGGCATGCTGCACGAAAACAGGCTCGGTCA
GCACGTGCTCCACCACACCCTCAAGCATGAGGCGAGACGCGACTACGTCCGGGACACCATTTACCT
ATACCTGGTCTATACCTGGCAGACCGCCATGGGGGTCTGGCAGCAGTGCCTCGAGGACCGAAACCT
GCGCGCCCTGGAAACGTCTCTGECTCGCGLCTCGCCAGAGCCTGTGGACGGGCTTTGATGAGCGCAC
TATCGCGCAGGACCTCGCCGCGTTCCTTTTCCCCACCAAGCTCGTAGAGACCCTGCAGCGCTCGCT
CCCCGACTTTGCCAGCCAGAGCATGATGCATGCCTTCCGCTCCTTCGTCCTCGAGCGCTCCGGCAT
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CCTGCCCGCCGTCTGCARCGCGCTCCCCTCTGACTTTGTGCCCACCGTCTACCGCGAGTGCCCGCC
GCCCCTCTGGGCTCACTGCTACCTCCTGCGCCTCGCCAACTTCCTCATGTACCACTGCGACCTCGC
CGAGGACACCTCCGGCGAGGGCCTCTTTGAGTGCTACTGCCGCTGCAARCCTCTGCGCACCGCACCG
CTGCCTCGCCACCAACACCGCCCTCCTCAACGAGGTGCAAGCCATCAACACCTTTGAGCTCCAGCG
GCCCCCCAAGCCCGACGGCACCCTGCCACCGCCCTTCAAGCTGACCCCCGGTCTCTGGACCTCCGC
CTTCCTCCGCCACTTTGTCTCCGAGGACTACCACTCGGACCGCATCCTCTTCTACGAGGACGTGTC
CCGCCCCCCCAGGGTGGCAGCCCTCCGCCTGCGTCATCACGCACTCGGCCATTCTCGCGCAATTGCA
TGACATCAAARAAGGCCAGGGAAGAGTTTTTGCTGACCAAAGGCCACGGCGTCTACCTAGACCCCCA
CACCGGAGAGGAGCTCAACACCGCCGCCCCGTCCACCGCCCACCATGCCGCCCCTCCGGAGGAAGC
CCATCCGCAGCAGCACCAGCACCAGCAGCAGCCGAGCCACCGCCGCCGCCACCACCGCTCCAGCTA
CGCAGACCGTGTCCGAAGCGAGCTCCACGCCTACGGCGGTGCGACCGGTTCCTCCCGCGACCCTGT
CTCTGGCGGATGCTCTGCCAGAGGARCCCACTCCCGCGATGCTGCTCGAAGAAGAGGCTCTCAGCA
GCGAGACCAGCGGCAGCTCCGAAGGCAGTTTGCTCAGTACCCTCGAGGAACTGGAGGAGGAGGAGG
ARCCGGTCACACCGACGAGGCCATCCAAGCCCTCCTACACCAACAGCAGCAGCAGCAAGAGCATCA
GCCAGCGCAGGAACTCCGTCGTCCCCAGCGAGGCTCGTAGATGGAATCAGACATCCATCCACCGGA
GTAGCCAGCCAGGTAGGACACCTCCGCCCTCGGCCCGCCGACGLTCCTGGCGCCGCTACCGCCACG
ACATCCTCTCGGCCCTGGAGTACTGCGCCGGAGACGGAGCCTGCGTGCGCCGGTACCTACTCTACC
ACCACAACATCAACATCCCTTCCAAGATCATCCGTTACTACAAATCCTCTTCCCGTTCCAGCGATC
TCCAGGAAGGCCGCAGCAGCGGCGGCAGCAGAACCAGCCCACGTCAGCCAGCTGAGAGCTAAGATC
TTCCCCACGCTGTACGCCATCTTCCAGCAGAGCCGCGGCGGCCAGGACGCCCTCAAAATCAGGAAC
CGCACCCTGCGCTCCCTCACCARAGAGCTGTCTGTATCACCGCGAGGAGGCCAAGCTGGAACGCACG
CTCTCGGACGCAGAAGCTCTCTTCGAGAAGTACTGCGCTCGGCAGCGGCAGACCCGCCGGTATTTA
AGGAGCGGACCCTGCGTGCGGACACACCATGAGCAAACAAATCCCCACCCCGTACATGTGGTCTTA
TCAGCCACAATCTGGGCGTGCCGCCGGTGCCTCCGTCGATTACTCCACCCGCATGAATTGGCTCAG
TGCCGGGCCTTCCATGATTGGCCAGGTCAATGACATCCGACACACCAGGARCCAGATTCTCATTCG
CCAGGCCCTTATCACCGAGACGCCACGCCCCGTCCAAAATCCCCCGTCCTGGCCCGCCAGCCTGTT
GCCTCAGATGACGCAACCGCCCACCCACCTGCACCTGCCGCGTAACGAAATTTTGGAAGGCAGACT
GACTGACGCCGGCATGCAATTAGCCGGGGGCGGAGCCCTCGCACCCAGAGACTTATATGCCCTGAC
CCTCCGCGGCAGAGGCATCCAGCTCAACGAGGACCTACCCCTCTCGGCGAGCACTCTCCGGUCGGA
CGGCATCTTCCAGCTCGGAGGCGGAGGCCGCTCCTCCTTCAACCCCACCGACGCCTACCTGACGCT
GCAGAACTCCAGCTCCCTTCCCCGCAGCGGCGGCATCGGCAGCGAGCAATTTGTCCGCGAGTTCGT
GCCCACGGTCTACATCARCCCCTTCTCCGGACCGCCCGGGACCTACCCCGACCAGTTCATCGCCAA
CTACAACATCCTAACGGACTCTGTAGCAGGCTATGACTGACGGTCCCCAGGGTCAGCAGCGGCTGC
GGGAGCTCCTCGACCAGCACCGCCGCCAGTGCCCTAACCGCTGCTGCTTCGCCAGGGAAGGGATTC
ACCCGGAGTACTTTTGCATCACCCGCGAGCACTTTGAGGCCGAGTGCATCCCCGACTCTCTGCAAG
AAGGCCACGGTCTGOGCTTCAGCCTCCCCACGCGCTACAGCGACCGCCGCCACCGCGATGGAGACC
GCACCATCCTCACTTCGTACTACTGCGGCCCTGCTTCTTTCAAAGTTCGCTGTCTCTGCGGCCATC
CTGCTCCTCACCCTCTTCTTCTCGACCTTCTGTGTGAGCTGTACAARCCGCTCGTAGCGTCAGCCCC
TACACCTCCCCTCGCGTCCAATTTCTGTCCGACATAGAACCAGACTCTGACTCTTACTCGGGCTCT
GGCTCTGGGGACGATGAAGATTATGAATATGAGCTGGCTACCAACACACCGAACGARAGACATTCTA
GGCAGCATAGTCATCAACAACCAGATCGGGCCCAAGACCCTGGCCCTGGGATACTTTTATGCCGCC
ATGCAGTTTGTCTTCTTTGCCATCATCATCATCGTCCTCATCCTCTACTACCGCCGCTACGTGCTG
GCCACCGCCCTCATCGTGCAGCGCCAGATGTGGTCCTCCGAGGCCGTCCTGCGGAARARCCTTCTCG
GCCACCGTTGTGGTTACTCCCCCAAAACAAGTCACCCCCTGCARACTGCTCCTGCCGCTTCGAGGAG
ATGGTGTTCTACTACACCACCTCCGTCTTCATGCCCTGGTGGGCCTCATCCTCCTGCTCACCGCCA
TGGTCCGCCTGGCCAACTGGATAGTGGATCAGATGCCCAGCAGGAACCGCGCCCCGCCGCTGCCAC
CGCCCCTCACCTATGTGGGACCCTGCGCCGAGGACCACATCTACGATGAGCCAACCGTAGGGCAAT
ACGTACAGATGAAGTAGCTCCCCCTCTTTCCCATTCCCCCATTTTTCTCTATTCAATAAAGTTGCT
TACCTGAGTTCATCCACACTCGGTCTGCCAGTGCAGTCTATCCATGCGCCGTTTTCCATACTCACA
TAGCGCAGCCGCGCACGCCTCGCCAGGTGACGAAACTGTCGAAATGTAACATTTCGCGCTTCTGTC
AGCAGCACCCCGTTATAGACCAGTTCCACCATGGGACCGAAGAAGCAGAAGCGCGAGCTACCCGAG
GACTTCGATCCAGTCTACCCCTATGACGTCCCGCAGCTGCAGATCAATCCACCCTTCGTCAGCGGG
GACGGATTCARCCAARTCCGTGGACGGGGTGCTGTCCCTGCACATCGCACCGCCCCTCGTTTTTGAC
AARCACCAGGGCCCTCACCCTGGCCTTCGGGGGAGGTCTACAGCTCTCGGGCAAGCAGCTCGTCGTT
GCCACCGAGGGCTCGGGGCTAACCACCAACCCGGATGGCAAGCTGGTTCTCAAAGTCAAGTCCCCC
ATCACCCTGACCGCCGAGGGCATCTCCCTGTCCCTGGGTCCCGGTCTTTCTAACTCAGAGACCGGC
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CTCAGTCTGCAAGTCACAGCTCCCCTGCAGTTCCAGGGCAACGCCCTCACTCTTCCCCTCGCCGCC
GGTCTCCAAAACACCGATGGTGGAATGGGTGTCAAACTGGGGAGCGGTCTCACCACGGACAACAGT
CAGGCGGTGACCGTTCAGGTGGGAAATGGACTTCAGCTGAACGGCGAAGGACAACTCACCGTCCCC
GCCACGGCCCCTTTAGTCTCAGGGAGCGCAGGCATCTCTTTCARACTACTCCAGCAATGACTTCGTC
TTAGACAATGACAGTCTCAGTTTGAGGCCARAAGGCCATCTCTGTCACCCCTCCGCTGCAGTCCACA

GAGGACACAATCTCCCTGAATTATTCTAACGACTTTTCTGTGGACAARTGGCGCCCTCACCTTGGCET
CCAACTTTCAAACCCTACACGCTGTGGACTGGCGCCTCACCCACAGCAAATGTCATTCTAACAAAC
ACCACCACTCCCAACGGCACCTTTTTCCTATGCCTGACACGTGTGGGTGGGTTAGTTTTGGGTTCC
TTTGCCCTGAAATCATCCATCGACCTTACTAGTATGACCAARAAGGTCAATTTTATTTTTGATGGG
GCAGGTCGGCTTCAGTCAGACTCCACTTATAAAGGGAGATTTGGATTTAGATCCARCGACAGCGTA
ATTGAACCCACAGCCGCAGGACTCAGTCCAGCCTGGTTAATGCCAAGCACCTTTATTTATCCACGC
ARACACCTCCGGTTCTTCCCTAACATCATTTGTATACATTAATCAGACATATGTGCATGTGGACATC
AAGGTAAARCACACTCTCTACAAACGGATATAGCCTAGAATTTAACTTTCAARACATGAGCTTCTCC
GCCCCCTTCTCCACCTCCTACGGGACCTTCTGCTACGTGCCCCGAAGGACAACTCACCGTCCCCGC
CACGGCCCCTTTAGTCTCAGGGAGCGCAGGCATCTCTTTCAACTACTCCAGCAATGACTTCGTCTT
AGACAATGACAGTCTCAGTTTGAGGCCAAAGGCCATCTCTGTCACCCCTCCGCTGCAGTCCACAGA
GGACACAATCTCCCTGAATTATTCTARCGACTTTTCTGTGGACAATGGCGCCCTCACCTTGGCTCC
AACTTTCAARCCCTACACGCTGTGGACTGGCGCCTCACCCACAGCAAATGTCATTCTAACAAACAC
CACCACTCCCAACGGCACCTTTTTCCTATGCCTGACACGTGTGGGTGGGTTAGTTTTGGGTTCCTT
TGCCCTGAAATCATCCATCGACCTTACTAGTATGACCAAARAGGTCAATTTTATTTTTGATGGGGC
AGGTCGGCTTCAGTCAGACTCCACTTATARAGGGAGATTTGGATTTAGATCCAACGACAGCGTAAT
TGAARCCCACAGCCGCAGGACTCAGTCCAGCCTGGTTAATGCCAAGCACCTTTATTTATCCACGCAA
CACCTCCGGTTCTTCCCTAACATCATTTGTATACATTAATCAGACATATGTGCATGTGGACATCARA
GGTAAACACACTCTCTACAAACGGATATAGCCTAGAATTTAACTTTCAAARACATGAGCTTCTCCGC
CCCCTTCTCCACCTCCTACGGGACCTTCTGCTACGTGCCCCAGAGTGCCTAGAGAACCCTGGCCGT
CRAGCCGGCCTCCCCCTTCCCAGGCCACCCGGTACACCACCCGCTCCATGTTTCTGTATGTGTTCTC
CTCCCGCCGCTTGTGCAGCACCACCTCCCGCTGCTCGAGCTGAGGATCCGTGATGGACACAAAGCC
AGGAAGACACATCCTCAGCTCCGTGGGGGCGTCCAACARCTGTTTATGTARAGGAARAATAAAGACT
CAGAGAARATCCARGTTCATATGATTTTTCTTTTATTGATTGGGGGARATTGATTCAGGTGGGGTGT
GCATAATCACAAAAATCACATCAGCAGGTACACACCTGAGACATCAGACAGGGGTAAGGACAGCGC
CTCAGCTTCTGGAACAGACATCAGAAATATTTAATCTGCTGGTAGCTAACACTCCTTCCCAACACC
ATACACTCCTGGAGGGCCCTCTGCCTCTCCTCCTCCCGCTCCGCGTCCCTCTGCCGGGACCACCAC
TCCCCCTCCGTGAACTGCTGCTTCCTCCCCCGCCGCTGCGCCCCGATGGCCTCCGCCGCCAGCTTC
AGCCAGTGCCGCAAGCGCTGGGCGCAGCGCCGAGCCACCGGCTCGLCTCAGCTCGTGGCAGCGCCGG
CACACCAGCACTATGTAATTGGCATAGTCCCCGTCACAGTAGATGACCTCCCCCCAGTGGAACATG
CGCAACAGCTTCAGATCACAGTCATACATGATCTTTATGTACATCAGGTGGGCGCCTCGAAACATC
ACACTGCCCACGTACATCACGCGACTCACGCTCGGGCAGGTTCACCGCCTCCCTGAACCACCAGAAG
ATGCGATTGTACTCGCAGCCCCGGATGATCTCGCGCATCAGGGAGCGUATCACCACCTGCCCCGLG
CGGCACTCCAGACTGGACCTTTTCAGACAGTGGCAATGAAAGTTCCACAGCGTCGCGCCCGCACAG
CGTCTCCGGGCTGAAACATATCTGCTCCAGCTCCAACCCCCCACACAGGCTGTACTGCAGGAAAAT
CCATTCTTGATGGGAARGGATGTAGCGCCAGGGGACCACAATCTCCAAACAGGGAACARAACATAC
CGCGGCCCGGCTGTTGCGCACGGCCCCCACCGGATGCAACGTCGCTCACGGAGCAGATACGGGTGGG
ACAGCGGCCCACGTCTCATAGCAAGTCAAGTCCGGAAGTGGCACGGGGTTCGCCACCACTGCTACT
GCTGCCGCTGCGCCACCAGCTCCATCGGCTCCTCCATCCTCCTCCTGTTCCATCGGLTGAGGTGCT
GCCTCCTCCTCCTCCTGCCGCTGCTCCATCATGCTCGTCTGCGGTCATCAGGAGTCAAAAAATTCA
TTGGCCACCGCACGCAGAGAGAACATGGAGCGCAGGGGCCCAGGTGCCCGGCCCGTGCGCTCGCTC
AACTCCCCCAGCAGGTACTCATAGAGATGCTCCTCCAAATCCACCGCAAACCAGGCATGCAGAAAC
TCTTCCGTTCGAGGACCGCCCACGGTAAARGACATAGCCCTCCCGCACCTTCACCGCTGCCAGCTGC
ACGCGCTCATGTCGCTGGGAGTACACCCGGACCCGGGCCTGGATGTACTCCAGCACCTGATCGCTC
AGACACCTCACAGAGATGCCAGCCTGAGCCAGCTTCTCATAGAGAGGTGGCTGAATCTTGAGCTTG
AAGCAGCGAGCGGCTAGGCACTCCCCGCCCCCTTGGAACAGGGCGGCCGGGTCAGCCATGGACTTC
CTCTACATCCGGGGTCCTGGCCACCTCACAAACTATCTGGCCARATCGCCTGACCACGGGTCACCAG
GTAAGGATGATGTCCGTTGTTGCGAATGAGAATGCTCAGAGGTGACTCGGTAGCGTTATCAATCAC
GTCCCCAAAGGTCCAAAGGTCCCAGTTAGAAGTCAGGTGCTTCAGACCGCAGACACGCCCATAGCA
ACCAGTGGGAAAAGCCAGCAAGAGATCCGTGGGCACATGCACCGAAGCTCCCGCAGGAATCTCCAC
CCACTCCGAGGCGTAGACCGTGTAAGCTACACACCCCGCCTCCCGAGTGGGAGCAGAAGCATTCTC
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GCTCAGCCCAAAGAACTTCAGGGTGGCCTGCATATCCTCTTTTACTCACTTGTTAGCAGCTCCACA
CAGACCAGGGTTGTGTTGGCGGGAATAGGCAGCAGGGGTACGTCCCCAGTGAGGGACACCTGGATG
GGGGGCAGAGGATTGATGCCAGGAAGCAGCAGGTACTGGGAARACAGAGACCAGATCCCTCCTCTGA
ARARATCTCGCTCAGTCGGACAAACACAGCAAACCCAGTGGGCACGTAGACTAGCACATTAAAAAGG
ATCACGCTGGGCTGTTCTGACGTCAGCACCAGATGTCGGGACGTGCGCAGATGAATGCGGTTCTGA
TGAATTACCGGAGGCCTCTCACCCGCAGCCAACAGCAGACCGGGCTGCTGATGCGGTCCCGCAGAC
ATATATGAGTTCAATGTGTGTCTTTTTTCTARACGTCTAGTGAGTGTGCTCGTCCTGCTCCTGCCA
ATCAAAATCCGGGCACCAGGGCTGGTGGTTGGACCCGATGAAGAAGCGAGGAGAGGCGGCCTCCTG
AGTGTGAAGAGTGTCCCCATCCTGCCACGCGAGGTAGGCGAAGTACAGATAGAGCACGGCGAGAAC
AGTCAGCACCGCGGCCAGCAGCAGTCGGTCGTGGGCCATGAGAGGGGGCTGATGGGAAGATGGCCG
GTGACTCCTCTCGCCCCGCTTTCGGTTTCTCCTCGTCTCGCTCTCAGTGTCTCTCTCTGTGTCAGC
GCCGAGACGAGTGTGAGCGAACACCGCLGAGCGGGCCGGTGATATACCCACAGCGGATGTGGCCACG
CCTGCGGTCGGTTARTCAGTACCCCATCGTCCGATCGGAATTCCCCCGCCTCCGCGTTAACGATTA
ACCCGCCCAGAAGTCCCGGGAATTCCCGCCAGCCGGCTCCGCCGCGACCTGCGACTTTGACCCCGC
CCCTCGGACTTTGACCGTTCCCACGCCACGTCATTTTCCCACGCGACGTCACGTTCCCACGCTACG

TCACACCCCTCTCCACCAATCACCGCCCGCCGCCCCCARACCCTCTCCGCCAATCACCACGCCACAA
AAGGGGCAATAAAAGTGTGCGGTATATTATTGATGATG

FIG._1-10
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PORCINE ADENOVIRUS TYPE 3 GENOME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

this application claims priornity to U.S. Provisional Patent
Application Ser. No. 60/081,882 filed Apr. 15, 1998, the full
disclosure of which 1s incorporated herein by reference in 1ts
entirety.

TECHNICAL FIELD

The present invention 1s 1n the field of recombinant mam-
malian viral vectors. More particularly, 1t concerns recombi-
nant porcine adenovirus vectors for diagnostic and therapeu-
tic purposes, such as vaccines and expression systems.

BACKGROUND

Adenoviruses are double-stranded DNA viruses that have
been 1solated from a wide variety of avian and mammalian
species, including swine. While the majority of adenovirus
infections 1 swine are subclinical, porcine adenovirus
(PAV) infection has been associated with encephalitis,
pneumonia, kidney lesions and diarrhea. Derbyshire (1992)
In: “Diseases of Swine” (ed. Leman et al.), 7th edition, Iowa
State University Press, Ames, Iowa. pp. 225-227. Thus,
there 1s a need for vaccines that will provide protection
against PAV infection.

In addition to their potential ability to provide protection
against PAV ifection, PAV's could also be used as viral vac-
cine vectors, 1f insertion capacity can be determined, and
appropriate 1nsertion sites can be defined and characterized.
It has been shown that PAV is capable of stimulating both
humoral response and a mucosal antibody responses 1n the
intestine of infected piglets. Tuboly et al. (1993) Res. 1n Vet.
Sci. 54:345-350. Thus, recombinant PAV vaccine vectors
would be especially useful, as they would be likely to be
capable of providing both systemic and mucosal immunity
to antigens encoded by native and/or recombinant PAV
genomes.

Cross-neutralization studies have mdicated the existence
of at least five serotypes of PAV. Derbyshire et al. (1975) 1.
Comp. Pathol. 85:437-443; and Hirahara et al. (1990) Jpn. J.
Vet. Sci. 52:407-409. Previous studies of the PAV genome
have included the determination of restriction maps for PAV
Type 3 (PAV-3) and cloning of restriction fragments repre-
senting the complete genome of PAV-3. Reddy et al. (1993)
Intervirology 36:161-168. In addition, restriction maps for
PAV-1 and PAV-2 have been determined. Reddy et al.
(1995b) Arch. Virol. 140:195-200.

Nucleotide sequences have been determined for segments
of the genome of various PAV serotypes. Sequences of the
E3, pVIII and fiber genes of PAV-3 were determined by
Reddy et al. (1995a) Virus Res. 36:97-106. The E3, pVIII
and fiber genes of PAV-1 and PAV-2 were sequenced by
Reddy et al. (1996) Virus Res. 43:99-109; while the PAV-4
E3, pVIII and fiber gene sequences were determined by
Kleiboeker (1994) Virus Res. 31:17-25. The PAV-4 fiber
gene sequence was determined by Kleiboeker (1995b) Virus
Res. 39:299-309. Inverted terminal repeat (ITR) sequences
for all five PAV serotypes (PAV-1 through PAV-5) were
determined by Reddy et al. (1993¢) Virology 212:237-239.
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The PAV-3 penton sequence was determined by McCoy et al.
(1996a) Arch. Virol. 141:1367-1375. The nucleotide

sequence of the E1 region of PAV-4 was determined by Klei-
boeker (1995a) Virus Res. 36:259-268. The sequence of the

protease (23K) gene of PAV-3 was determined by McCoy et
al. (1996b) DNA Seq. 6:251-254. The unpublished

sequence of the PAV-3 hexon gene (and the 14 N-terminal
codons of the 23K protease gene) has been deposited 1n the
GenBank database under accession No. U34592. The
unpublished sequence of the PAV-3 100K gene has been
deposited in the GenBank database under accession No.
U82628. The sequence of the PAV-3 E4 region has been
determined by Reddy et al. (1997) Virus Genes 15:87-90.

Adenoviruses have proven to be effective vectors for the
delivery and expression of foreign genes in a number of
specific applications, and have a number of advantages as

potential gene transier and vaccine vectors. See Gerard et al
(1993) Trends Cardiovasc. Med 3:171-177; Imler et al.

(1995) Hum. Gene Ther. 6:711-721. The ability of these
vectors to mediate the efficient expression ol candidate
therapeutic or vaccine genes 1 a variety of cell types,
including post mitotic cells, 1s considered an advantage over
other gene transfer vectors. Adenoviral vectors are divided
into helper-independent and helper-dependent groups based
on the region of the adenoviral genome used for the mnsertion
of transgenes. Helper-dependent vectors are usually made by
deletion of E1 sequences and substitution of foreign DNA,
and are produced in complementing human cell lines that

constitutively express El1 proteins. Graham et al. (1977) 1.
Gen. Virol. 36:59-74; Fallaux et al. (1996) Hum. Gene Ther.

7:215-222; Fallaux et al. (1998) Hum. Gene Ther.
9:1909-191°7. However, porcine adenoviruses do not repli-
cate 1n human cell lines; hence these lines are unsuitable for
the propagation of E1-deleted PAV vectors.

Though E1-deleted viruses do not replicate 1n cells that do
not express El proteins, the viruses can express foreign pro-
teins 1n these cells, provided the genes are placed under the
control of a constitutive promoter. Xiang et al. (1996) Virol-
ogy 219:220-2277. Vaccination of animals with adenovirus
recombinants containing inserts in the E1 region induced a
systemic immune response and provided protection against
subsequent challenge. Imler et al (19935) Hum. Gene Ther.
6:711-721; Imler et al. (1996) Gene Therap 3:75-84. This
type of expression vector provides a significant safety profile
to the vaccine as 1t eliminates the potential for dissemination
ol the vector within the vaccinee and therefore, the spread of
the vector to nonvaccinated contacts or to the general envi-
ronment. However, the currently used human adenovirus
(HAV) based vectors are endemic in most populations,
which provides an opportunity for recombination between
the helper-dependent viral vectors and wild type viruses. To
circumvent some of the problems associated with the use of
human adenoviruses, non human adenoviruses have been
explored as possible expression vectors. All vectors devel-
oped to date, except one (Klonjkowski et al (1997) Hum.
Gene Ther. 8:2103-2115), contain an intact E1 region. Use
of such vectors for gene therapy 1n humans and vaccination
in animals 1s unsafe because they have the ability to replicate
in normal cells, and they retain the oncogenic potential of
the E1 region.

Recombinant PAV genomes containing heterologous
nucleotide sequences have not yet been described. Similarly,
sites where insertion of heterologous sequences would not
interfere with the ability of a PAV vector to stimulate an
immune response against a determinant encoded by an
inserted sequence have not been identified. Consequently,
the development of effective recombinant PAV vectors for
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use 1n immunication, expression systems and gene therapy,
awaits resolution of these 1ssues. Similarly, there 1s a need
for improved adenoviral vectors lacking E1 replication and
oncogenic functions, for expression ol transgenes 1n mam-
malian cells.

SUMMARY OF THE INVENTION

The present invention provides the complete nucleotide
sequence of the porcine adenovirus type 3 (PAV-3) genome.
Nucleic acid sequences that are substantially homologous to
those comprising a PAV genome are also encompassed by
the 1vention. Substantially homologous sequences include
those capable of duplex and/or triplex formation with a
nucleic acid comprising all or part of a PAV genome (or with
its complement). As 1s known to those of skill 1n the art,
duplex formation 1s influcenced by hybridization conditions,
particularly hybridization stringency. Factors ailecting
hybridization stringency are well-known to those of skill in
the art. See, for example, Sambrook et al. (1989) Molecular
Cloning: A Laboratory Manual; Hames et al. 1985) Nucleic
Acid Hybndisation: A Practical Approach, IRL Press Ltd.,
Oxiord Accordingly, it 1s within the skill of the art to identily
a sequence that 1s substantially homologous to a sequence
from a PAV genome.

In addition, novel porcine adenovirus (PAV) expression
vector systems comprising PAV genome sequences are dis-
closed herein. The PAV-3 sequence includes regions into
which heterologous sequences can be 1nserted including, but
not limited to, the E1, E3 and E4 regions, and the region
between E4 and the right end of the genome. The mnvention
also provides non-essential regions which can be deleted to
increase the capacity of a PAV vector for mserted heterolo-
gous sequences. These include, but are not limited to, the E3
and E4 regions, and the region between E4 and the right end
of the genome. Essential regions, such as E1, can also be
deleted, 1f virus bearing such deletions are propagated in
helper cell lines supplying the deleted essential function.
Thus, PAV genome sequences can be replaced by one or
more foreign genes to generate recombinant PAV vectors
expressing heterologous antigenic polypeptides (or anti-
genic fragments thereol) for the purposes of producing live
recombinant virus, subunit vaccines, nucleic acid
immunization, or other types of therapy. Multiple heterolo-
gous sequences can be mnserted mto the same, or different,
locations 1n the genome, limited only by the capacity of the
virus to accept heterologous sequences. This capacity can be
expanded by deletion of viral sequences.

In addition, the invention provides PAV transcriptional
and translational regulatory sequences which can be used for
expression of heterologous genes that have been inserted
into the vectors of the invention. Furthermore, the novel
sequences of the present invention can be used for diagnostic
purposes, to determine the presence of PAV antigens and/or
PAV nucleic acids 1n a subject or biological sample.

In additional embodiments, the invention provides com-
positions providing immunity to PAV infection, through
expression of antigenic PAV polypeptides. The invention
also provides vectors comprising PAV genome sequences,
including sequences encoding various PAV genes as well as
PAV regulatory sequences, which are useful for controlling
the expression of heterologous genes inserted mnto PAV vec-
tors.

The 1mvention provides defective recombinant PAV vec-
tors that are deleted 1n their E1 region, as well as helper cell
lines providing E1 function, in which such defective vectors
can be propagated. Because these defective vectors replicate
inetficiently 1n cells other than the helper cells, they are less
likely to stimulate an immune response in a mammalian
host. This makes them particularly suitable for use as vac-
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cine vectors. In addition, since the amount of nucleic acid
that can be packaged into an adenovirus virion 1s limited,

deletion of the E1 region expands the capacity of these
defective vectors, enabling them to accept larger inserts of
heterologous sequence. Additional deletions 1n other regions
of the genome can be used to expand the capacity of these
defective vectors still further.

The mvention further provides methods for obtaining
recombinant PAV vectors. In a preferred embodiment, heter-
ologous nucleotide sequences are introduced, through
recombinant DNA techniques, 1into a bacterial plasmid com-
prising a defined portion of the PAV genome. The recombi-
nant plasmid, containing heterologous sequences flanked by
PAV sequences, 1s introduced into a host cell 1n combination
with a full-length PAV genome or a plasmid containing a
tull-length or nearly full-length PAV genome. Within the
host cell, recombination between the plasmid and the PAV
genome generates a recombinant PAV genome.
Alternatively, recombinant PAV genomes can be constructed
in vitro, using standard techniques 1n molecular biology and
biotechnology.

The mmvention also provides methods for preparing live
recombinant virus and subunit vaccines for inducing protec-
tive immune responses to an infectious organism 1n a mam-
malian subject. Protective immune responses include
humoral (antibody) responses, cell-mediated responses,
mucosal responses, or any combination of these. The meth-
ods mvolve insertion, into the porcine adenovirus genome,
ol heterologous nucleotide sequences encoding one or more
protective antigenic determinants ol a pathogen. The heter-
ologous sequences are inserted in such a way as to come
under the regulatory control of a PAV promoter, or the heter-
ologous sequences are inserted in operative linkage to a
cukaryotic transcriptional regulatory sequence. Translation
of transcribed heterologous sequences can be controlled by
PAV translational regulatory elements, or the heterologous

sequence can include non-PAV sequences which regulate 1ts
translation.

In another aspect, the invention includes the use of recom-
binant porcine adenoviruses and recombinant PAV vectors
for the expression of a nucleotide or amino acid sequence of
interest 1n a cell system, such as, for example, production of
antigen to be used in the preparation of antibodies, or pro-
duction of antisense RNA.

The 1nvention also includes an expression system com-
prising a porcine adenovirus expression vector wherein het-
erologous nucleotide sequences are inserted. The nserted
heterologous sequences can comprise one or more regula-
tory elements for transcription and/or translation, or can be
inserted so as to come under the control of PAV regulatory
clements. Inserted regulatory elements can be those that are
normally associated with the heterologous sequence, or a
heterologous sequence can be juxtaposed to and placed in
operative linkage with a regulatory element with which 1t 1s
not normally associated, using standard recombinant DNA
techniques. Heterologous sequences can be iserted mto a
tull-length PAV genome, or into a PAV genome which has
been deleted 1n one or more regions. A deletion 1n the PAV
genome can be made to provide a site for insertion of a
heterologous sequence, or simply to increase the capacity of
the PAV vector to accommodate heterologous sequences
inserted at another location.

The 1nvention also provides recombinant PAV polypep-
tides including, but not limited to, those encoded by the
following genes: E1A, E1B, E4, pIX, DBP, pTP, pol, 1Va2,
32K, IIIA, plIl, pVIIL, pV, pX, pVI, and 33K. Such recombi-
nant PAV polypeptides are produced in any eukaryotic
expression vector known 1n the art, into which 1s inserted a
PAV nucleotide sequence according to the mvention. Also
provided are methods and compositions for recombinant
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production of heterologous polypeptides and RNAs in a PAV
vector. Expression of heterologous polypeptides and RINAs

in a PAV vector can be regulated by endogenous PAV regu-
latory sequences, or by non-PAV sequences. Non-PAV regu-
latory sequences can be those which normally regulate the
heterologous sequence, or they can be sequences that are not
normally associated with the heterologous sequence 1n a
regulatory capacity.

Thus, 1n one embodiment, the invention includes an
expression system 1n which one or more regions of the PAV
genome are deleted and replaced with heterologous
sequences. In another embodiment, the invention includes a
PAV expression system in which heterologous sequences are
introduced into the PAV genome without the removal of any
PAV sequences. Intergenic regions of the PAV genome com-
prising regulatory sequences are usetul in the practice of the
invention for controlling the expression of homologous and
heterologous sequences.

The mmvention also includes recombinant vector systems
comprising two or more nucleic acid molecules. In one
embodiment, the vector system comprises two plasmids, the
first containing a full-length or nearly full-length PAV
genome and the second containing a segment of the PAV
genome, such as the left end (including the E1 region) or the
right end (including the E3 and/or E4 regions). Introduction
ol heterologous nucleotide sequences nto the second
plasmid, followed by co-transiection of both plasmids into a
suitable host cell, will allow homologous recombination
between the two plasmids to generate a viral genome con-
taining inserted heterologous sequences. In another
embodiment, the vector system comprises a full-length or
nearly tull-length PAV genome and a plasmid containing a
segment ol the PAV genome. Insertion of heterologous
sequences 1nto the plasmid, followed by co-transiection and
homologous recombination, will generate recombinant PAV
genomes as above.

Additional aspects of the invention provide a recombinant
PAV comprising a heterologous sequence wherein the heter-
ologous sequence encodes an antigenic determinant of a
disease-causing organism; and a recombinant PAV compris-
ing a heterologous sequence wherein the heterologous
sequence encodes a foreign gene or fragment thereof. In
turther embodiments, the mvention provides pharmaceutical
compositions comprising recombinant PAV for producing an
immune response 1 a mammalian host, the recombinant
PAV comprising a heterologous nucleotide sequence encod-
ing a protective determinant of a pathogenic organism. The
heterologous sequence 1s expressed 1n quantities sufficient
for induction of a protective immune response, either
through operative linkage to one or more non-PAV regula-
tory sequences, or through control by endogenous PAV regu-
latory sequences. The protective immune response can be
humoral, cell-mediated and/or mucosal.

The recombinant PAV vectors of the mvention will also
allow the expression of various therapeutic polypeptides 1n a
wide range of mammalian hosts and are thus useful 1n the
practices of nucleic acid immunization and gene therapy.
Exemplary hosts include, but are not limited to, human,
equine, bovine, porcine, ovine, caprine, avian, and murine.
Those of skill i the art are aware of various therapeutic
polypeptides which can be usefully expressed in mammalian
hosts. Such therapeutic polypeptides include, but are not
limited to, coagulation factors, growth hormones, cytokines,
lymphokines, tumor-suppressing polypeptides, cell
receptors, ligands for cell receptors, protease inhibitors,
antibodies, toxins, immunotoxins, dystrophins, cystic fibro-
s1s transmembrane conductance regulator (CFTR) and
immunogenic polypeptides.

The mvention also provides diagnostic methods and com-
positions for the detection of PAV nucleic acids and proteins
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in a cell or biological sample. The PAV nucleotide sequences
disclosed herein can be used as hybridization probes to
detect PAV nucleic acids. In addition, the PAV nucleotide
sequences disclosed herein encode PAV polypeptides, which
can be used for the production of antibodies reactive with
various PAV antigens. Such antibodies can be used to detect
PAV antigens by immunoassay. Alternatively, PAV polypep-
tides themselves can be used 1n competitive immunoassays
to detect the presence of PAV antigens 1n a cell or biological
sample. PAV polypeptides can be produced by the PAV vec-
tors of the mvention, or can be produced 1n any mammalian
expression vector known in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the complete nucleotide sequence of the
PAV-3 genome (SEQ ID NO: 1).

FIG. 2 shows the transcriptional map of the PAV-3
genome derived from alignment of the sequences of cDNA
clones with the genomic sequence, and nuclease protection
mapping of viral transcripts. The PAV-3 genome 1s repre-
sented by the thick horizontal line, with the numbers below
the line representing PAV-3 map units (i.e., percentage of
genome length from the left end). Rightward-reading tran-
scription units are depicted above the line and leftward-
reading transcription units are shown below the line.

FIG. 3 shows immunoprecipitation of E1A and E1B pro-
teins from various cell lines.

In FIG. 3A, proteins 1n cell lysates were separated by gel
clectrophoresis, and analyzed by immunoblotting using the
DP11 monoclonal antibody, which recognizes the human
adenovirus E1A protemn. Lane 1: 293 cells (human cells

transformed by HAV-3, which express adenovirus E1A and
E1B); Lane 2: Fetal porcine retinal cells; Lane 3: VIDO R1

cells; Lane 4: 293 cells.

In FIG. 3B, proteins 1n cell lysates were separated by gel
clectrophoresis, and analyzed by immunoblotting using the
DP17 monoclonal antibody, which recogmizes the human
adenovirus E1B protein. Lane 1: human 293 cells; Lane 2:

Fetal porcine retinal cells; Lane 3: VIDO R1 cells; Lane 4:
293 cells.

FIG. 4 shows a map of the plasmid pPAV-101.
FIG. 5 shows a map of the plasmid pPAV-102.

FIG. 6 shows a map of the plasmid pPAV-300.

FIG. 7 shows proteins labeled after infection of VIDO R1
cells with a recombinant PAV containing the PRV gp30 gene
inserted in the E3 region. Labeled proteins were separated
by gel electrophoresis; an autoradiogram of the gel 1s shown.
Lane 1: Molecular weight markers of 30K, 46K, 69K and
96K, 1n order of increasing molecular weight. Lane 2:
Mock-1nfected cells, 12 hours post-infection. Lane 3: PAV-
3-infected cells, 12 hours post-infection. Lane 4: cells
infected with a recombinant PAV containing the PRV gp50
gene, 12 hours post-infection. Lane 3: cells infected with a
recombinant PAV containing the PRV gp50 gene, 16 hours
post-infection. Lane 6: cells infected with a recombinant
PAV containing the PRV gp30 gene, 24 hours post-infection.

FIG. 8 provides a schematic diagram of the construction
of an El- and E3-deleted PAV vector with a green fluores-
cent protein gene insertion.

DETAILED DESCRIPTION OF THE INVENTION

The present mvention provides the complete nucleotide
sequence and transcriptional map of the porcine adenovirus

type 3 (PAV-3) genome. The sequence comprises a linear,
double-stranded DNA molecule of about 34,094 base pairs,

as shown 1n FIG. 1 (SEQ ID NO: 1). Previously-determined
partial sequences can be aligned with the complete genomic
sequence as shown 1n Table 1.
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TABL.

L1l

1

Alignment of published PAV-3 sequences

GenBank
Accession PAV Gene(s) included Genome
No. within sequence Reference coordinates
L43077 ITR Reddy et al., 1995¢ 1-144
U24432 penton McCoy et al., 1996a 13556-15283
U34592 hexon; N-terminal unpublished 19036-21896
14 codons of 23K
(protease) gene
U33016 protease (23K) McCoy et al., 1996b  21897-23676
UB2628 100K unpublished 24056-26572
U10433 E3, pVIII, fiber Reddy et al., 1995a 27089-31148
43363 E4 Reddy et al., 1997 31064-34094

Know ledge of the PAV genome sequence 1s useful for
both therapeutic and diagnostic procedures. Regions suitable
for insertion and regulated expression of heterologous
sequences have been identified. These regions include, but
are not limited to the E1, E3 and E4 regions, and the region
between the E4 region and the right end of the genome. A
heterologous nucleotide sequence, with respect to the PAV
vectors of the invention, 1s one which 1s not normally associ-
ated with PAV sequences as part of the PAV genome. Heter-
ologous nucleotide sequences include synthetic sequences.
Regions encoding immunogenic PAV polypeptides, for use
in immunodiagnostic procedures, have also been 1dentified
and are disclosed herein. These include the regions encoding

the following PAV proteins: E1A, E1B, E4, pIX DBP, pTP,
pol, IVa2, 52K, IIIA, plll, pVIIL, pV, pX, pVI, 33K, pVIII,
hexon and fiber (see Table 2). Regions essential for viral
replication, such as E1 and E2A, can be deleted to provide
attenuated strains for use as vaccines. Nonessential regions,
such as parts of the E3 and E4 regions, can be deleted to
provide insertion sites, or to provide additional capacity for
insertion at a site other than the deleted region. Deletions of
viral sequences can be obtained by any method known 1n the
art, including but not limited to restriction enzyme digestion
and ligation, oligonucleotide-mediated deletion
mutagenesis, and the like.

The practice of the present invention employs, unless oth-
erwise indicated, conventional microbiology, immunology,
virology, molecular biology, and recombinant DNA tech-
niques which are within the skill of the art. These techniques

are Tully explained in the literature. See, e.g., Maniatis et al.,
Molecular Cloning: A Laboratory Manual (1982); DNA

Cloning: A Practical Approach, vols. I & 1I (D. Glover, ed.);
Oligonucleotide Synthesis (N. Gait, ed. (1984)); Nucleic
Acid Hybndization (B. Hames & S. Higgins, eds. (1985));
Transcription and Translation (B. Hames & S. Higgins, eds.
(1984)); Animal Cell Culture (R. Freshney, ed. (1986));
Perbal, A Practical Guide to Molecular Cloning (1984 );

Ausubel, et al., Current Protocols In Molecular Biology,
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John Wiley & Sons (1987, 1988, 1989, 1990, 1991, 1992,
1993, 1994, 1995, 1996); and Sambrook et al., Molecular
Cloning: A Laboratory Manual (27 Edition); vols. I, I & III
(1989).

Nucleotide Sequence, Genome Organization, and
Transcription Map of Porcine Adenovirus Type 3

(PAV-3)

The complete nucleotide sequence of PAV-3 genome 1s
34,094 base pairs (bp) 1n length and has a base composition
of 31.3% G, 32.5% C, 183% A, and 17.9% T. Thus, the
sequence of the PAV-3 genome has a G+C content of 63.8%,
which 1s unusually high when compared with the G+C con-
tent of many other animal adenoviruses. The genome termini
share inverted terminal repeats (ITR) o1 144 bp. Reddy et al.,
19935c¢, supra. The organization of the genome as determined
by analysis of open reading frames (ORF's), nuclease protec-

tion mapping, and sequencing of cDNA clones, 1s summa-
rized in Table 2 and FIG. 2.

One important feature of PAV-3 genome 1s the presence of
a short virion associated (VA) RNA gene between the splice
acceptor sites of the precursor terminal protein (p1P) and 52
kDa protein genes (FIG. 2). Expression of VA genes
increases the kinetics of viral replication; thereby providing
the potential for higher yields of recombinant gene products
using the PAV vectors of the invention. The locations of the
signature sequences present upstream and downstream of
VA RNA genes indicate the VA RNA gene of PAV-3 1s about
126 nucleotides (nt) in length. This 1s somewhat shorter than
most VA RNAs, whose lengths are 163+14 nts, however
shorter VA RNAs have also been reported in HAV-10 and
CELO virus. Ma et al. (1996) J. Virol. 70:5083-35099; and
Chiocca et al. (1996) 1. Virol. 70:2939-2949. The VA RNA
genes were not found in the genomes of BAV-3, CAV-1, and
OAV. Reddy et al. (1998) J. Virol. 72:1394-1402; Morrison
et al. (1997) J. Gen. Virol. 78:873—-878; and Vrat1 et al.
(1996) Virology 220:186—199.

In PAV-3 the major late transcript initiates at 17.7 map
units (m.u.: an adenovirus map unit 1s 1% of genome length,
starting from the left end of the genome). There are six
3'-coterminal families of late mRINAs, denoted L1 to L6 (see
FIG. 2). All mRNAs produced from the major late promoter
(MLP) contain a tripartite leader sequence (TPL). The first
portion of the TPL lies next to the MLP and 1s 61 nts long.
The second portion lies within the gene coding for pol and 1s
68 nt 1n length. The third portion 1s 99 nts long and 1s located
within the gene coding for pTP. Thus the TPL of PAV-3 1s
228 nt long and 1s derived from three exons located at 17.7,
20.9, and 28.1 m.u.

The MLP and TPL sequences can be used for expression
ol a heterologous sequence 1n a recombinant PAV vector or
in any other adenoviral expression system.

TABL.

(L.

2

Transcriptional and Translational Features of the PAV-3 Genome

Transcription
Region Gene start si1ze
E1A 229R heterogeneous
214R
E1B 202R 1382
474R 1382
pIX Pix 3377
E2A DBP 17011c¢
E2B pTP 17011c¢
pol 17011c

Poly(A) Poly(A)

ATG Splice donor site Splice acceptor site signal  addition site
533 1286 1307

533 1043 1140 1286 1307

1461 4085 4110,4112
1829 4085 4110,4112
3394 40835 4110,4112
24041¢c  26949c, 24714c 24793¢, 24051c¢ 22560c  22536¢
13638¢c  26949c, 24714¢  24793¢, 13772¢ 4075¢  4053c
13638¢c  26949c, 24714c  24793%c, 13772Fc  4075¢c  4053c¢
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TABLE 2-continued

Transcriptional and Translational Features of the PAV-3 Genome

10

Transcription Poly(A) Poly(A)
Region Gene start si1ze ATG Splice donor site Splice acceptor site signal  addition site
Va2 Va2 5867¢ 5711c  5699¢ 5441c¢ 4075¢  4053c¢
E3 27473 28765 28793
E4 33730c 31189¢ 31170c¢
L1 52K 6064 10629 9684 10606 13601 13627
IIIA 6064 11719 9684 11715 13601 13627
L2 pllII 6064 13662 9684 13662 15698* 15735
pVII 6064 15170 9684 15139 15698* 15735
L3 pV 6064 15819 9684 15793 18992 19013
pX 6064 17783 9684 17776 18992 19013
pVI 6064 18076 9684 18063 18992 19013
L4 Hexon 6064 19097 9684 19096 22544 22567
Protease 6064 21934 9684 219317 22544 22567
L5 100k 6064 24056 9684 24056 28765 28793
33K 6064 26181 9684 26130 28765 28793
pVIII 6064 27089 9684 26792 28765 28793
L6 Fiber 6064 28939 9684 28910 31143 31164
Notes:

*I'TGTTT 1s present as a polydenylation signal instead of AATAAA

' The splice acceptor sites for the pol and protease genes were determined based on consensus splice acceptor

SCUCIICCS

“c” refers to sequences on the complementary (leftward-reading) strand of the PAV genome.

Construction of Recombinant PAV Vectors

In one embodiment of the invention, a recombinant PAV
vector 1s constructed by 1n vivo recombination between a
plasmid and a PAV genome. Generally, heterologous
sequences are iserted mto a plasmid vector containing a
portion of the PAV genome, which may or may not possess
one or more deletions of PAV sequences. The heterologous
sequences are inserted into the PAV insert portion of the
plasmid vector, such that the heterologous sequences are
flanked by PAV sequences that are adjacent on the PAV
genome. The PAV sequences serve as “guide sequences,” to
direct insertion of the heterologous sequences to a particular
site 1n the PAV genome; the msertion site being defined by
the genomic location of the guide sequences.

The vector 1s generally a bacterial plasmid, allowing mul-
tiple copies of the cloned sequence to be produced. In one
embodiment, the plasmid 1s co-transiected, into an appropri-
ate host cell, with a PAV genome comprising a tull-length or
nearly tull-length PAV genomic sequence. The PAV genome
can be 1solated from PAV virions, or can comprise a PAV
genome that has been inserted 1into a plasmid, using standard
techniques of molecular biology and biotechnology. Con-
struction of a plasmid containing a PAV genome 1s described
in Example 2, inira. Nearly full-length PAV genomic
sequences can be deleted 1n regions such as E1, E3, E4 and
the region between E4 and the right end of the genome, but
will retain sequences required for replication and packaging.
PAV genomes can be deleted in essential regions 1f the
essential function can be supplied by a helper cell line.

Insertion of the cloned heterologous sequences 1nto a viral
genome occurs by 1n vivo recombination between a plasmid
vector (containing heterologous sequences flanked by PAV
guide sequences) and a PAV genome following
co-transfection into a suitable host cell. The PAV genome
contains 1mverted terminal repeat (ITR) sequences required
for initiation of viral DNA replication (Reddy et al. (1995c¢),
supra), and sequences mvolved 1n packaging of replicated
viral genomes. Adenovirus packaging signals generally lie
between the left ITR and the E1 A promoter. Incorporation of
the cloned heterologous sequences into the PAV genome
thus places the heterologous sequences into a DNA molecule
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containing viral replication and packaging signals, allowing
generation ol multiple copies of a recombinant PAV genome
that can be packaged into infectious viral particles.
Alternatively, incorporation of the cloned heterologous
sequences 1nto a PAV genome places these sequences 1nto a
DNA molecule that can be replicated and packaged in an
appropriate helper cell line. Multiple copes of a single
sequence can be mserted to improve vield of the heterolo-
gous gene product, or multiple heterologous sequences can
be inserted so that the recombinant virus i1s capable of
expressing more than one heterologous gene product. The
heterologous sequences can contain additions, deletions and/
or substitutions to enhance the expression and/or immuno-
logical effect of the expressed gene product(s).

Attachment of guide sequences to a heterologous
sequence can also be accomplished by ligation 1n vitro. In
this case, a nucleic acid comprising a heterologous sequence
flanked by PAV guide sequences can be co-introduced 1nto a
host cell along with a PAV genome, and recombination can
occur to generate a recombinant PAV vector. Introduction of
nucleic acids into cells can be achieved by any method
known 1n the art, including, but not limited to,
microinjection, transfection, electroporation, CaPO,
precipitation, DEAE-dextran, liposomes, particle
bombardment, etc.

In one embodiment of the invention, a recombinant PAV
expression cassette can be obtained by cleaving a wild-type
PAV genome with an appropriate restriction enzyme to pro-
duce a PAV restriction fragment representing, for example,
the lett end or the right end of the genome comprising E1 or
E3 gene region sequences, respectively. The PAV restriction
fragment can be inserted mto a cloming vehicle, such as a
plasmid, and thereafter at least one heterologous sequence
(which may or may not encode a foreign protein) can be
inserted into the E1 or E3 region with or without an
operatively-linked eukaryotic transcriptional regulatory
sequence. The recombinant expression cassette 1s contacted
with a PAV genome and, through homologous recombina-
tion or other conventional genetic engineering methods, the
desired recombinant 1s obtained. In the case wherein the
expression cassette comprises the El1 region or some other
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essential region, recombination between the expression cas-
sette and a PAV genome can occur within an appropriate
helper cell line such as, for example, an E1-transformed cell
line. Restriction fragments of the PAV genome other than
those comprising the E1 or E3 regions are also useful 1n the
practice of the invention and can be inserted into a cloning
vehicle such that heterologous sequences can be inserted
into the PAV sequences. These DNA constructs can then
undergo recombination 1 vitro or in vivo, with a PAV
genome either before or after transformation or transiection

ol an appropriate host cell.

The 1nvention also includes an expression system com-
prising a porcine adenovirus expression vector wherein a
heterologous nucleotide sequence, e.g. DNA, replaces part
or all of the E3 region, part or all of the E1 region, part or all
of the E2 region, part or all of the E4 region, part or all of the
late region and/or part or all of the regions occupied by the
pIX, DBP, pTP, pol, 1Va2, 52K, IIIA, plll, pVII, pV, pX,
pVI, and 33K genes. The expression system can be used
wherein the foreign nucleotide sequences, e.g. DNA, are
optionally 1n operative linkage with a eukaryotic transcrip-
tional regulatory sequence. PAV expression vectors can also
comprise inverted terminal repeat (ITR) sequences and
packaging sequences.

The PAV E1A, E1B, pIX, DBP, pTP, pol, IVa2, 52K, IIIA,
plIL, pVIL, pV, pX, pVI, and 33K genes are essential for viral
replication. Therefore, PAV vectors comprising deletions in
any of these genes, or which lack functions encoded by any
of these genes, are grown 1n an appropriate complementing
cell line (1.e., a helper cell line). Most, 11 not all, of the open
reading frames 1n the E3 and E4 regions of PAV-3 are non-
essential for viral replication and, therefore, deletions 1n
these regions can be constructed for mnsertion or to increase
vector capacity, without necessitating the use of a helper cell
line for growth of the viral vector.

In another embodiment, the mvention provides a method
for constructing a full-length clone of a PAV genome by
homologous recombination 1n vivo. In this embodiment, two
or more plasmid clones, containing overlapping segments of
the PAV genome and together covering the entire genome,
are introduced into an appropriate bacterial host cell.
Approximately 30 base pairs of overlap i1s required for
homologous recombination in E. coli. Chartier et al. (1996)
I. Virol. 70:4805-4810. Through in vivo homologous
recombination, the PAV genome segments are joined to form
a full-length PAV genome. In a further embodiment, a
recombinant plasmid containing left-end sequences and
right-end sequences of the PAV genome, separated by a
unique restriction site, 1s constructed. This plasmid 1s
digested with the restriction enzyme recognizing the unique
restriction site, to generate a unit-length linear plasmuad,
which 1s 1mtroduced into a cell together with a full-length
PAV genome. Homologous recombination within the cell
will result 1n production of a recombinant plasmid contain-
ing a full-length PAV genome. Recombinant plasmids will
also generally contain sequences speciiying replication 1n a
host cell and one or more selective markers, such as, for
example, antibiotic resistance.

Suitable host cells include any cell that will support
recombination between a PAV genome and a plasmid con-
taining PAV sequences, or between two or more plasmids,
cach containing PAV sequences. Recombination 1s generally
performed 1n procaryotic cells, such as E. coli, while trans-
fection of a plasmid contaiming a viral genome, to generate
virus particles, 1s conducted 1n eukaryotic cells, preferably
mammalian cells, most preferably porcine cell cultures. The
growth of bacterial cell cultures, as well as culture and main-
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tenance of eukaryotic cells and mammalian cell lines are
procedures which are well-known to those of skill 1n the art.

In one embodiment of the invention, a defective recombi-
nant PAV vector 1s used for expression of heterologous
sequences. The defective vector will be deleted 1n all or part
of the E1 region. Construction of a deletion 1n the E1 region
of PAV 1s described in Example 3, infra. Heterologous
sequences can be mserted so as to replace the deleted El
region, and/or can be inserted at other sites 1 the PAV

genome, preferably E3, E4 and/or the region between E4 and
the right end of the genome. Defective vectors with E1 dele-
tions are grown in helper cell lines, which provide E1 func-
tion.

Accordingly, on one embodiment of the mnvention, a num-
ber of recombinant helper cell lines are produced according
to the present invention by constructing an expression cas-
sette comprising an adenoviral E1 region and transforming
host cells therewith to provide complementing cell lines or
cultures providing E1 functions. The terms “complementing
cell,” “complementing cell line,” “helper cell” and “helper
cell line” are used interchangeably herein to denote a cell
line that provides a viral function that 1s deficient 1n a deleted
PAV, preferably E1 function. These recombinant comple-
menting cell lines are capable of allowing a defective recom-
binant PAV, having a deleted E1 gene region, wherein the
deleted sequences are optionally replaced by heterologous
nucleotide sequences, to replicate and express one or more
foreign genes or fragments thereol encoded by the heterolo-
gous nucleotide sequences. PAV vectors with E1 deletions,
wherein heterologous sequences are 1nserted 1n regions other
than E1, can also be propagated in these complementing cell
lines, and will express the heterologous sequences if they are
inserted downstream of a PAV promoter or are mserted in
operative linkage with a eukaryotic regulatory sequence.

Preferred helper cell lines include VIDO R1 cells, as
described in Example 1, infra. Brietly, the VIDO R1 cell line
1s a porcine retinal cell line that has been transtected with
DNA from the human adenovirus type 5 (HAV-5) El region,
and which supports the growth of PAV E1A deletions and
HAV-5 E1 deletions.

Transtormation of porcine cells with either PAV or HAV
has not been reported due to the fact that exposure of permis-
s1ve or semi-permissive cells to adenovirus normally leads to
lysis of infected cells. Graham et al., supra. The approach
used 1n the present study to create a PAV El-complementing
cell line employing the E1 region of HAV-5 1s novel as E1A
proteins of HAV-5 have been shown for the first time to
complement PAV-3 E1 mutants. There are several reasons
that the E1 region of HAV-3 was used for transformation of
porcine embryonic retinal cells. The E1 region of HAV-5
was shown to transform human retina cells very elfficiently.
Fallaux et al. (1998) supra. In contrast to the E1 region of
PAV-3, the E1 region of HAV-5 has been thoroughly charac-
terized and the monoclonal antibodies against the E1 pro-
teins are readily available from commercial sources. In
addition, the E1 A region of HAV-5 was shown to comple-

ment the E1 A functions of several non-human adenoviruses.
Ball et al. (1988) J. Virol. 62:3947-3957; Zhengetal. (1994)

Virus Res. 31:163—186.

More generally, defective recombinant PAV vectors, lack-
ing one or more essential functions encoded by the PAV
genome, can be propagated in appropriate complementing
cell lines, wherein a particular complementing cell line pro-
vides a function or functions that 1s (are) lacking 1n a particu-
lar defective recombinant PAV vector. Complementing cell
lines can provide viral functions through, for example,
co-infection with a helper virus, or by integrating or other-
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wise maintaining in stable form a fragment of a viral genome
encoding a particular viral function.

In another embodiment of the invention, E1 function (or
the function of any other viral region which may be mutated
or deleted 1n any particular viral vector) can be supplied (to
provide a complementing cell line) by co-infection of cells
with a virus which expresses the function that the vector

lacks.

PAV Expression Systems

In one embodiment, the present ivention i1dentifies and
provides means of deleting regions of the PAV genome, to
provide sites into which heterologous or homologous nucle-
otide sequences encoding foreign genes or fragments thereof
can be inserted to generate porcine adenovirus recombi-
nants. In preferred embodiments, deletions are made 1n part
or all of the nucleotide sequences of the PAV El, E3, or E4
regions and/or the region between E4 and the right end of
genome. E1 deletion 1s described in Example 3; E3 deletion
and 1nsertion of heterologous sequence 1n the E3 region are
described 1n Example 4 and 3; and insertion of a heterolo-
gous sequence between the E4 region and the right end of
the PAV genome, as well as expression of the inserted
sequence, 1s described in Example 6, infra.

In another embodiment, the invention i1dentifies and pro-
vides additional regions of the PAV genome (and fragments
thereot) suitable for insertion of heterologous or homolo-
gous nucleotide sequences encoding foreign genes or frag-
ments thereol to generate PAV recombinants. These regions

include nucleotides 145-13,555; 15,284-19,035;
22,677-24,055; 26,573-27,088; and 31,149-34,094 (SEQ
ID NO:1) and comprise the E2 region, the late region, and
genes encoding the plIX, DBP, pTP, pol, IVa2, 52K, IIIA,
plll, pVIL, pV, pX, pVI, and 33K proteins. These regions of
the PAV genome can be used, among other things, for inser-
tion ol foreign sequences, for provision of DNA control
sequences mncluding transcriptional and translational regula-
tory sequences, or for diagnostic purposes to detect the
presence, in a biological sample, of viral nucleic acids and/
or proteins encoded by these regions. Example 7, inira,
describes procedures for constructing insertions in these
regions.

One or more heterologous sequences can be inserted 1nto
one or more regions of the PAV genome to generate a recoms-
binant PAV vector, limited only by the insertion capacity of
the PAV genome and ability of the recombinant PAV vector
to express the inserted heterologous sequences. In general,
adenovirus genomes can accept mserts of approximately 5%
of genome length and remain capable of being packaged nto
virus particles. The insertion capacity can be increased by
deletion of non-essential regions and/or deletion of essential
regions whose function 1s provided by a helper cell line.

In one embodiment of the invention, insertion can be
achieved by constructing a plasmid containing the region of
the PAV genome into which insertion 1s desired. The plasmid
1s then digested with a restriction enzyme having a recogni-
tion sequence in the PAV portion of the plasmid, and a heter-
ologous sequence 1s 1nserted at the site of restriction diges-
tion. The plasmid, containing a portion of the PAV genome
with an 1nserted heterologous sequence, in co-transformed,
along with a plasmid (such as pPAV-200) contaiming a tull-
length PAV genome, into a bacterial cell (such as, for
example, E. coli), wherein homologous recombination
between the plasmids generates a full-length PAV genome
contaiming 1nserted heterologous sequences.

Deletion of PAV sequences, to provide a site for insertion
of heterologous sequences or to provide additional capacity
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for insertion at a different site, can be accomplished by
methods well-known to those of skill 1n the art. For example,
for PAV sequences cloned 1n a plasmid, digestion with one
or more restriction enzymes (with at least one recognition
sequence 1n the PAV insert) followed by ligation will, 1
some cases, result 1n deletion of sequences between the
restriction enzyme recognition sites. Alternatively, digestion
at a single restriction enzyme recognition site within the
PAV 1nsert, followed by exonuclease treatment, followed by
ligation will result 1n deletion of PAV sequences adjacent to
the restriction site. A plasmid containing one or more por-
tions of the PAV genome with one or more deletions, con-
structed as described above, can be co-transfected into a
bactenial cell along with a plasmid containing a tull-length
PAV genome to generate, by homologous recombination, a
plasmid containing a PAV genome with a deletion at a spe-
cific site. PAV virions containing the deletion can then be
obtained by transfection of mammalian cells (such as ST or
VIDO R1 cells) with the plasmid containing a PAV genome
with a deletion at a specific site.

Expression of an inserted sequence 1n a recombinant PAV
vector will depend on the insertion site. Accordingly, pre-
terred insertion sites are adjacent to and downstream (in the
transcriptional sense) of PAV promoters. The transcriptional
map of PAV, as disclosed herein, provides the locations of
PAV promoters. Locations of restriction enzyme recognition
sequences downstream of PAV promoters, for use as inser-
tion sites, can be easily determined by one of skill in the art
from the PAV nucleotide sequence provided herein.
Alternatively, various in vitro techmques can be used for
isertion of a restriction enzyme recognition sequence at a
particular site, or for insertion of heterologous sequences at a
site that does not contain a restriction enzyme recognition
sequence. Such methods include, but are not limited to,
oligonucleotide-mediated heteroduplex formation for inser-
tion ol one or more restriction enzyme recognition
sequences (see, for example, Zoller et al. (1982) Nucleic
Acids Res. 10:6487-6500; Brennan et al. (1990) Roux’s
Arch. Dev. Biol. 199:89-96; and Kunkel et al. (1987) Meth.
Enzymology 154:367-382) and PCR-mediated methods for

isertion of longer sequences. See, for example, Zheng et al.
(1994) Virus Research 31:163—-186.

It 1s also possible to obtain expression of a heterologous
sequence inserted at a site that 1s not downstream from a
PAV promoter, 1f the heterologous sequence additionally
comprises transcriptional regulatory sequences that are
active 1n eukaryotic cells. Such transcriptional regulatory
sequences can include cellular promoters such as, for
example, the bovein hsp70 promoter and viral promoters
such as, for example, herpesvirus, adenovirus and papovavi-
rus promoters and DNA copies of retroviral long terminal
repeat (LTR) sequences.

In another embodiment, homologous recombination 1n a
procaryotic cell can be used to generate a cloned PAV
genome; and the cloned PAV-3 genome can be propagated as
a plasmid. Infectious virus can be obtained by transiection of
mammalian cells with the cloned PAV genome rescued from
plasmid-containing cells. Example 2, inira describes con-
struction of an infectious plasmid containing a PAV-3
genome.

The mmvention provides PAV regulatory sequences which
can be used to regulate the expression of heterologous genes.
A regulatory sequence can be, for example, a transcriptional
regulatory sequence, a promoter, an enhancer, an upstream
regulatory domain, a splicing signal, a polyadenylation
signal, a transcriptional termination sequence, a translational
regulatory sequence, a ribosome binding site and a transla-
tional termination sequence.
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Therapeutic Genes and Polypeptides

The PAV vectors of the mnvention can be used for the
expression of therapeutic polypeptides in applications such
as 1 vitro polypeptide production, vaccine production,
nucleic acid immunization and gene therapy, for example.
Therapeutic polypeptides comprise any polypeptide
sequence with therapeutic and/or diagnostic value and
include, but are not limited to, coagulation factors, growth
hormones, cytokines, lymphokines, tumor-suppressing
polypeptides, cell receptors, ligands for cell receptors, pro-
tease 1nhibitors, antibodies, toxins, immunotoxins,
dystrophins, cystic fibrosis transmembrane conductance
regulator (CFTR) and immunogenic polypeptides.

In a preferred embodiment, PAV vectors will contain het-
erologous sequences encoding protective determinants of
various pathogens of swine, for use 1n subunit vaccines and
nucleic acid immunization. Representative swine pathogen
antigens include, but are not limited to, pseudorabies virus
(PRV) gp30; transmissible gastroenteritis virus (TGEV) S
gene; porcine rotavirus VP7 and VP8 genes; genes of por-
cine respiratory and reproductive syndrome virus (PRRS), 1n
particular ORF 5; genes of porcine epidemic diarrhea virus;
genes ol hog cholera virus, and genes of porcine parvovirus.

Various foreign genes or nucleotide sequences or coding
sequences (prokaryotic, and eukaryotic) can be inserted 1nto
a PAV vector, in accordance with the present invention, par-
ticularly to provide protection against a wide range of dis-
cases. Many such genes are already known 1n the art; the
problem heretofore having been to provide a safe, conve-
nient and effective vaccine vector for the genes or sequences.

A heterologous (1.e., foreign) nucleotide sequence can
consist of one or more gene(s) of mterest, and preferably of
therapeutic interest. In the context of the present invention, a
gene of interest can code either for an antisense RNA, a
ribozyme or for an mRNA which will then be translated into
a protein ol interest. A gene of interest can be of genomic
type, of complementary DNA (cDNA) type or of mixed type
(minigene, 1 which at least one intron 1s deleted). It can
code for a mature protein, a precursor ol a mature protein, 1n
particular a precursor intended to be secreted and accord-
ingly comprising a signal peptide, a chimeric protein origi-
nating from the fusion of sequences of diverse origins, or a
mutant of a natural protein displaying improved or modified
biological properties. Such a mutant can be obtained by
deletion, substitution and/or addition of one or more
nucleotide(s) of the gene coding for the natural protein, or
any other type of change in the sequence encoding the natu-
ral protein, such as, for example, transposition or iversion.

A gene of iterest can be placed under the control of regu-
latory sequences suitable for its expression in a host cell.
Suitable regulatory sequences are understood to mean the set
of elements needed for transcription of a gene into RNA
(ribozyme, antisense RNA or mRNA), for processing of
RNA, and for the translation of an mRNA into protein.
Among the elements needed for transcription, the promoter
assumes special importance. It can be a constitutive pro-
moter or a regulatable promoter, and can be 1solated from
any gene ol eukaryotic, prokaryotic or viral origin, and even
adenoviral origin. Alternatively, 1t can be the natural pro-
moter of the gene of interest. Generally speaking, a promoter
used 1n the present invention can be chosen to contain cell-
specific regulatory sequences, or modified to contain such
sequences. For example, a gene of interest for use in the
present invention 1s placed under the control of an immuno-
globulin gene promoter when 1t 1s desired to target its
expression to lymphocytic host cells. There may also be
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mentioned the HSV-1 TK (herpesvirus type 1 thymidine
kinase) gene promoter, the adenoviral MLP (major late
promoter), 1 particular of human adenovirus type 2, the
RSV (Rous Sarcoma Virus) LTR (long terminal repeat), the
CMV (Cytomegalovirus) early promoter, and the PGK
(phosphoglycerate kinase) gene promoter, for example, per-
mitting expression 1n a large number of cell types.

Alternatively, targeting of a recombinant PAV vector to a
particular cell type can be achieved by constructing recom-
binant hexon and/or fiber genes. The protein products of
these genes are mvolved 1n host cell recognition; therefore,
the genes can be modified to contain peptide sequences that
will allow the virus to recognize alternative host cells.

Among genes of interest which are useful 1n the context of
the present invention, there may be mentioned:

genes coding for cytokines such as interferons and inter-
leukins;

genes encoding lymphokines;

genes coding for membrane receptors such as the recep-
tors recognized by pathogenic organisms (viruses, bac-

teria or parasites), preferably by the HIV virus (human
immunodeficiency virus);

genes coding for coagulation factors such as factor VIII
and factor I1X;

genes coding for dystrophins;

genes coding for insulin;

genes coding for proteins participating directly or indi-
rectly 1 cellular 10n channels, such as the CFTR (cystic
fibrosis transmembrane conductance regulator) protein;

genes coding for antisense RNAs, or proteins capable of
inhibiting the activity of a protein produced by a patho-
genic gene which 1s present 1n the genome of a patho-
genic organism, or proteins (or genes encoding them)
capable of inhibiting the activity of a cellular gene
whose expression 1s deregulated, for example an onco-
gene;

genes coding for a protein inhibiting an enzyme activity,
such as a,-antitrypsin or a viral protease inhibitor, for
example;

genes coding for variants of pathogenic proteins which
have been mutated so as to impair their biological
function, such as, for example, trans-dominant variants
of the tat protein of the HIV virus which are capable of
competing with the natural protein for binding to the
target sequence, thereby preventing the activation of
HIV;

genes coding for antigenic epitopes in order to increase
the host cell’s immunity;

genes coding for major histocompatibility complex
classes I and 11 proteins, as well as the genes coding for
the proteins which are inducers of these genes;

genes coding for antibodies;

genes coding for immunotoxins;
genes encoding toxins;
genes encoding growth factors or growth hormones;

genes encoding cell receptors and their ligands;

genes encoding tumor suppressors;

genes coding for cellular enzymes or those produced by
pathogenic organisms; and

suicide genes. The HSV-1 TK suicide gene may be men-
tioned as an example. This viral TK enzyme displays
markedly greater aifinity compared to the cellular TK
enzyme for certain nucleoside analogues (such as acy-
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clovir or gancyclovir). It converts them to monophos-
phorylated molecules, which can themselves be con-
verted by cellular enzymes to nucleotide precursors,
which are toxic. These nucleotide analogues can be
incorporated into replicating DNA molecules, hence
incorporation occurs chietly in the DNA of dividing
cells. This 1incorporation can result 1 specific destruc-
tion of dividing cells such as cancer cells.

This list 1s not restrictive, and any other gene of interest
can be used 1n the context of the present mvention. In some
cases the gene for a particular antigen can contain a large
number of introns or can be from an RNA virus, in these
cases a complementary DNA copy (cDNA) can be used. It 1s
also possible that only fragments of nucleotide sequences of
genes can be used (where these are sullicient to generate a
protective immune response or a specific biological etfect)
rather than the complete sequence as found 1n the wild-type
organism. Where available, synthetic genes or fragments
thereol can also be used. However, the present invention can
be used with a wide variety of genes, fragments and the like,
and 1s not limited to those set out above.

Recombinant PAV vectors can be used to express antigens
for provision of, for example, subunit vaccines. Antigens
used 1n the present mvention can be etther native or recom-
binant antigenic polypeptides or fragments. They can be par-
tial sequences, full-length sequences, or even fusions (e.g.,
having appropriate leader sequences for the recombinant
host, or with an additional antigen sequence for another
pathogen). The preferred antigenic polypeptide to be
expressed by the virus systems of the present invention con-
tain full-length (or near full-length) sequences encoding
antigens. Alternatively, shorter sequences that are antigenic
(1.e., encode one or more epitopes) can be used. The shorter
sequences can encode a “neutralizing epitope,” which 1s
defined as an epitope capable of eliciting antibodies that
neutralize virus infectivity in an 1n vitro assay. Preferably the
peptide should encode a “protective epitope” that 1s capable
of raising in the host a “protective immune response,’ 1.€., a
humoral (1.e. antibody-mediated), cell-mediated, and/or
mucosal immune response that protects an immunized host
from infection.

The antigens used 1n the present invention, particularly
when comprised of short oligopeptides, can be conjugated to
a vaccine carrier. Vaccine carriers are well known 1n the art:
for example, bovine serum albumin (BSA), human serum
albumin (HSA) and keyhole limpet hemocyanin (KLH). A
preferred carrier protein, rotavirus VP6, 1s disclosed in EPO
Pub. No. 0259149, the disclosure of which 1s incorporated
by reference herein.

Genes for desired antigens or coding sequences thereof
which can be inserted include those of organisms which
cause disease 1n mammals, particularly porcine pathogens
such as pseudorabies virus (PRV), transmissible gastroen-
teritis virus (IT'GEV), porcine rotavirus, porcine respiratory
and reproductive syndrome virus (PRRS), porcine epidemic
diarrhea virus (PEDV), hog cholera virus (HCV), porcine
parvovirus and the like. Genes encoding antigens of human
pathogens are also usetul in the practice of the invention.

Therapeutic Applications

With the recombinant viruses of the present invention, it 1s
possible to provide protection against a wide variety of dis-
cases allecting swine, cattle, humans and other mammals.
Any of the recombinant antigenic determinants or recombi-
nant live viruses of the invention can be formulated and used
in substantially the same manner as described for the anti-
genic determinant vaccines or live vaccine vectors.
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The present invention also includes pharmaceutical com-
positions comprising a therapeutically effective amount of a
recombinant vector, recombinant virus or recombinant
protein, prepared according to the methods of the invention,
in combination with a pharmaceutically acceptable vehicle
and/or an adjuvant. Such a pharmaceutical composition can
be prepared and dosages determined according to techniques
that are well-known 1n the art. The pharmaceutical composi-
tions of the invention can be administered by any known
administration route including, but not limited to, systemi-
cally (for example, 1ntravenously, intratracheally,
intraperitoneally, intranasally, parenterally, enterically,
intramuscularly, subcutaneously, intratumorally or
intracranially) or by aerosolization or intrapulmonary 1nstil-
lation. Admainistration can take place 1n a single dose or 1n
doses repeated one or more times after certain time ntervals.
The appropriate administration route and dosage will vary 1n
accordance with the situation (for example, the individual
being treated, the disorder to be treated or the gene or
polypeptide of interest), but can be determined by one of
skill 1n the art.

The vaccines of the invention carrying foreign genes or
fragments can be orally administered 1n a suitable oral
carrier, such as 1n an enteric-coated dosage form. Oral for-
mulations include such normally-employed excipients as,
for example, pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharin cellulose,
magnesium carbonate, and the like. Oral vaccine composi-
tions may be taken in the form of solutions, suspensions,
tablets, pills, capsules, sustained release formulations, or
powders, containing from about 10% to about 95% of the
active ingredient, preferably about 25% to about 70%. An
oral vaccine may be preferable to raise mucosal immunity
(which plays an important role in protection against patho-
gens 1infecting the gastrointestinal tract) 1n combination with
systemic immumnity.

In addition, the vaccine can be formulated mto a supposi-
tory. For suppositories, the vaccine composition will include
traditional binders and carriers, such as polyalkaline glycols
or triglycerides. Such suppositories may be formed from
mixtures containing the active ingredient in the range of
about 0.5% to about 10% (w/w), preferably about 1% to

about 2%.

Protocols for administering to animals the vaccine
composition(s) of the present invention are within the skill
of the art 1n view of the present disclosure. Those skilled 1n
the art will select a concentration of the vaccine composition
in a dose effective to elicit antibody, cell-mediated and/or
mucosal immune responses to the antigenic fragment.
Within wide limits, the dosage 1s not believed to be critical.
Typically, the vaccine composition 1s administered in a man-
ner which will deliver between about 1 to about 1,000 micro-
grams ol the subunit antigen 1 a convenient volume of
vehicle, e.g., about 1-10 ml. Preferably, the dosage 1n a
single immunization will deliver from about 1 to about 500
micrograms of subunit antigen, more preferably about 5—10
to about 100200 micrograms (e.g., 5—200 micrograms).

The timing of administration may also be important. For
example, a primary 1noculation preferably may be followed
by subsequent booster moculations, for example, several
weeks to several months after the initial immunization, 1f
needed. To 1nsure sustained high levels of protection against
disease, it may be helpiul to readminister booster immuniza-
tions at regular intervals, for example once every several
years. Alternatively, an mitial dose may be administered
orally followed by later inoculations, or vice versa. Preferred
vaccination protocols can be established through routine
vaccination protocol experiments.
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The dosage for all routes of administration of 1mn vivo
recombinant virus vaccine depends on various factors
including, the size of patient, nature of infection against
which protection 1s needed, carrier and the like and can

readily be determined by those of skill 1n the art. By way of
non-limiting example, a dosage of between approximately
10° pfu and 10° pfu can be used. As with in vitro subunit
vaccines, additional dosages can be given as determined by
the clinical factors involved.

A problem that has beset the use of adenovirus vectors for
immunization and gene therapy 1n humans 1s the rapid devel-
opment of an immunological response (or indeed 1n some
cases existing immunity) to human adenoviruses (HAVSs).
Recombinant PAV vectors are likely to be less immunogenic
in humans and, for this and other reasons, will be usetul
either as a substitute for HAV vectors or in combination with
HAV vectors. For example, as mitial immunization with a
HAV wvector can be followed by booster immunizations
using PAV vectors; alternatively, initial immunization with a
recombinant PAV vector can be followed by booster immu-
nizations with HAV and/or PAV vectors.

The presence of low levels of helper-independent vectors
in the batches of helper-dependent human adenoviruses that
are grown 1n complementing human cell lines has been
reported. Fallaux et al. (1998) supra. This occurs as a result
of recombination events between the viral DNA and the inte-
grated adenoviral sequences present in the complementing
cell line. Hehir et al. (1996) J. Virol. 70:8459-846°/. This
type ol contamination constitutes a safety risk, which could
result 1n the replication and spread of the virus. Complete
climination of helper-dependent adenoviruses in the batches
of helper-dependent vectors can be achieved using two
approaches. The first 1s by developing new helper cell lines
and matched vectors that do not share any common
sequences. Fallaux et al. (1998) supra. The second approach
1s to take advantage of possible cross-complementation
between two distantly related adenviruses such as HAV-3
and PAV-3. VIDO R1 cells contain the E1 coding sequences
ol HAV-3. Although there 1s no significant homology
between the E1 regions of HAV-5 and PAV-3 at the nucle-
otide sequence level, the proteins produced from the region
can complement each others’ function(s). Thus, the problem
of helper-independent vector generation by homologous
recombination 1s eliminated when VIDO R1 cells are used
tor the propagation of recombinant PAV-3.

The mvention also encompasses a method of treatment,
according to which a therapeutically effective amount of a
PAV vector, recombinant PAV, or host cell of the invention 1s
administered to a mammalian subject requiring treatment.
The finding that PAV-3 was ellective 1n entering canine,
sheep and bovine cells 1n which i1t does not replicate or rep-
licates poorly 1s an important observation. See Example 8,
inira. This may have implications in designing PAV-3 vec-
tors for vaccination in these and other animal species.

PAV Expression Systems

Recombinant PAV vectors can be used for regulated
expression of foreign polypeptides encoded by heterologous
nucleotide sequences. Standard conditions of cell culture,
such as are known to those of skill in the art, will allow
maximal expression of recombinant polypeptide. They can
be used, in addition, for regulated expression of RNAs
encoded by heterologous nucleotide sequences, as 1n, for
example, antisense applications and expression of
ribozymes.

When the heterologous sequences encode an antigenic
polypeptide, PAV vectors comprising insertions of heterolo-
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gous nucleotide sequences can be used to provide large
quantities of antigen which are useful, 1n turn, for the prepa-
ration of antibodies. Methods for preparation of antibodies
are well-known to those of skill 1n the art. Briefly, an animal
(such as a rabbit) 1s given an 1mitial subcutaneous 1njection of
antigen plus Freund’s complete adjuvant. One to two subse-
quent injections of antigen plus Freund’s incomplete adju-
vant are given at approximately 3 week intervals. Approxi-
mately 10 days after the final imjection, serum 1s collected
and tested for the presence of specific antibody by ELISA,
Western Blot, immunoprecipitation, or any other immuno-
logical assay known to one of skill in the art.

Adenovirus E1 gene products transactivate many cellular
genes; therefore, cell lines which constitutively express El
proteins can express cellular polypeptides at a higher levels
than other cell lines. The recombinant mammalian, particu-
larly porcine, cell lines of the mvention can be used to pre-
pare and 1solate polypeptides, including those such as (a)
proteins associated with adenovirus E1A proteins: e.g. p300,
retinoblastoma (Rb) protein, cyclins, kinases and the like;
(b) protemns associated with adenovirus E1B protein: e.g.
p33 and the like; growth factors, such as epidermal growth
tactor (EGF), transforming growth factor (TGF) and the
like; (d) receptors such as epidermal growth factor receptor
(EGF-R), fibroblast growth factor receptor (FGF-R), tumor
necrosis factor receptor (INF-R), insulin-like growth factor
receptor (IGF-R), major histocompatibility complex class I
receptor and the like; (e) proteins encoded by proto-
oncogenes such as protein kinases (tyrosine-specific protein
kinases and protein kinases specific for serine or threonine),
p21 proteins (guanine nucleotide-binding proteins with
G TPase activity) and the like; (1) other cellular proteins such
as actins, collagens, fibronectins, 1ntegrins,
phosphoproteins, proteoglycans, histones and the like, and

(g) proteins involved in regulation of transcription such as
TATA-box-binding proteimn (TBP), TBP-associated factors

(TAFs), Sp1 binding protein and the like.
Gene Therapy

The mvention also includes a method for providing gene
therapy to a mammal, such as a porcine, human or other
mammal 1n need thereot, to control a gene deficiency. In one
embodiment, the method comprises administering to said
mammal a live recombinant porcine adenovirus containing a
heterologous nucleotide sequence encoding a non-defective
form of said gene under conditions wherein the recombinant
virus vector genome 1s incorporated into said mammalian
genome or 1s maintained independently and extrachromo-
somally to provide expression of the required gene 1n the
target organ or tissue. These kinds of techniques are cur-
rently being used by those of skill in the art to replace a
defective gene or portion therecof. Examples of foreign
genes, heterologous nucleotide sequences, or portions
thereol that can be incorporated for use 1in gene therapy
include, but are not limited to, cystic fibrosis transmembrane
conductance regulator gene, human minidystrophin gene,
alpha-1-antitrypsin gene and the like.

In particular, the practice of the present immvention in
regard to gene therapy 1n humans 1s mntended for the preven-
tion or treatment of diseases including, but not limited to,
genetic diseases (for example, hemophilia, thalassemias,
emphysema, Gaucher’s disease, cystic fibrosis, Duchenne
muscular dystrophy, Duchenne’s or Becker’s myopathy,
etc.), cancers, viral diseases (for example, AIDS, herpesvi-
rus infection, cytomegalovirus infection and papillomavirus
infection) and the like. For the purposes of the present
invention, the vectors, cells and viral particles prepared by
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the methods of the mvention may be mtroduced 1nto a sub-
ject either ex vivo, (1.e., m a cell or cells removed from the
patient) or directly in vivo into the body to be treated.
Preferably, the host cell 1s a human cell and, more preferably,
1s a lung, fibroblast, muscle, liver or lymphocytic cell or a
cell of the hematopoietic lineage.

Diagnostic Applications

The PAV genome, or any subregion of the PAV genome, 1s
suitable for use as a nucleic acid probe, to test for the pres-
ence of PAV nucleic acid 1n a subject or a biological sample.
The presence of viral nucleic acids can be detected by tech-
niques known to one of skill 1in the art including, but not
limited to, hybridization assays, polymerase chain reaction,
and other types of amplification reactions. Suitable labels
and hybridization techniques are well-known to those of
skill 1n the art. See, for example, Kessler (ed.), Nonradioac-
tive Labeling and Detection of Biomolecules, Springer-
Verlag, Berlin, 1992; Kricka (ed.) Nonisotopic DNA Probe
Techniques, Academic Press, San Diego, 1992; Howard
(ed.) Methods 1n Nonradioactive Detection, Appleton &
Lange, Norwalk, 1993; Ausubel et al., supra; and Sambrook
et al., supra. Diagnostic kits comprising the nucleotide
sequences of the invention can also contain reagents for cell
disruption and nucleic acid purification, as well as bulifers
and solvents for the formation, selection and detection of

hybrids.

Regions of the PAV genome can be inserted into any
expression vector known 1n the art and expressed to provide,
for example, vaccine formulations, protein for
immunization, etc. The amino acid sequence of any PAV
protein can be determined by one of skill in the art from the
nucleotide sequences disclosed herein. PAV proteins can be
used for diagnostic purposes, for example, to detect the pres-
ence of PAV antigens. Methods for detection of proteins are
well-known to those of skill in the art and include, but are
not limited to, various types of direct and competitive
immunoassays, ELISA, Western blotting, enzymatic assay,
immunohistochemistry, etc. See, for example, Harlow &
Lane (eds.): Antibodies, A Laboratory Manual, Cold Spring
Harbor Press, New York, 1988. Diagnostic kits comprising
PAV polypeptides or amino acid sequences can also com-
prise reagents for protein i1solation and for the formation,
1solation, purification and/or detection of immune com-
plexes.

EXAMPLES

Methods

Virus and Viral DNA

The 6618 strain of PAV-3 was propagated 1n the swine
testis (ST) cell line and 1n El-transformed porcine retinal
cells (VIDO R1, see below). Porcine embryonic retinal cells
were obtained from the eyeballs of piglets delivered by cae-
sarian section two weeks belore the parturition date. Unin-
tected cells were grown in MEM supplemented with 10%
tetal bovine serum (FBS). MEM with 2% FBS was used for
maintenance of infected cells. Viral DNA was extracted
either from infected cell monolayers by the method of Hirt
(1967) J. Mol. Biol. 26:365-369, or from purified virions as
described by Graham et al. (1991) 1n “Methods 1n Molecular
Biology” Vol. 7, Gene transier and expression protocols, ed.
E. J. Murray, Humana Press, Clifton, N.J., pp. 109-128.
Plasmids and Genomic DNA Sequencing,

Selected restriction enzyme fragments of PAV-3 DNA
were cloned mto pGEM-37 and pGEM-7Z1(+) plasmids

(Promega). Nucleotide sequences were determined on both
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strands of the genome by the dideoxy chain-termination
method using Sequenase® enzyme (U.S. Biochemicals) and
the dye-terminator method with an Applied Biosystems
(Foster City, Calif.) DNA sequencer.
cDNA Library

A c¢DNA library was generated from polyadenylated RNA
extracted from PAV-3 infected ST cells at 12 h and 24 h post
infection. Double stranded cDNAs were made with reagents
from Stratagene and cloned mto Lambda ZAP vector.
Plaques which hybridized to specific restriction enzyme
fragments of PAV-3 DNA were plaque purified twice. Plas-
mids contaiming cDNAs were excised from the Lambda ZAP
vector according to the manufacturer’s protocol. The result-
ing plasmid clones were characterized by restriction endonu-
clease analysis and by sequencing of both ends of the cDNA
insert with 13- and T7-specific primers. Selected clones
were sequenced with internal primers. cDNA sequences
were aligned with genomic sequences to determine the tran-
scription map.
Viral Transcript Mapping by Nuclease Protection

Transcript mapping was conducted according to the

method of Berk et al. (1977) Cell 12:721-732.

Example 1

Development of an E1-complementing Helper Cell
Line (VIDO R1)

Primary cultures of porcine embryonic retina cells were
transiected with 10 ug of plasmid pTG 4671 (Transgene,
Strasburg, France) by the calcium phosphate technique. The
pTG 4671 plasmid contains the entire E1A and E1B
sequences (nts 505-4034) of HAV-3, along with the puromy-
cin acetyltransferase gene as a selectable marker. In this
plasmid, the E1 region 1s under the control of the constitutive
promoter from the mouse phosphoglycerate kinase gene,
and the puromycin acetyltransierase gene 1s controlled by
the constitutive SV40 early promoter. Transtormed cells
were selected by three passages 1n medium containing 7/
ug/ml puromycin, 1dentified based on change 1n their mor-
phology from single foci1 (1.e., loss of contact inhibition), and
subjected to single cell cloning. The established cell line was
first tested for 1ts ability to support the growth of E1 deletion
mutants of HAV-5. Subsequently the cell line was further
investigated for the presence of E1 sequences in the genome
by PCR, expression of the E1A and E1B proteins by Western
blot, and doubling time under cell culture conditions. El
sequences were detected, and production of E1A and E1B
proteins was demonstrated by immunoprecipitation (FIG.
3). Doubling time was shorter, when compared to that of the
parent cell line. Example 3, infra, shows that this cell line 1s
capable of complementing a PAV E1A deletion mutant.

To assess the stability of E1 expression, VIDO R1 cells
were cultured through more than 50 passages (split 1:3 twice
weekly) and tested for their ability to support the replication
of El-deleted HAV-5. Expression of the E1A and E1B pro-
teins at regular intervals was also monitored by Western blot.
The results 1ndicated that the VIDO R1 line retained the
ability to support the growth of El-deleted virus and
expressed similar levels of E1 proteins during more than 50
passages 1n culture. Therefore, VIDO R1 can be considered
to be an established cell line.

Example 2

Construction of a Full-length Infectious Clone of
PAV-3

A plasmid clone containing a full-length copy of the
PAV-3 genome (pPAV-200) was generated by first construct-
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ing a plasmid containing left- and right-end sequences of
PAV-3, with the PAV-3 sequences bordered by Pacl sites and
separated by a Pstl restriction site (pPAV-100), then allowing

recombination between Pstl-digested pPAV-100 and an
intact PAV-3 genome. Lelt- and right-end sequences for
insertion into pPAV-100 were produced by PCR
amplification, as follows.

The plasmid p3SB (Reddy et al., 1993, Intervirology
36:161-168), containing the left end of PAV-3 genome
(position 1-8870) was used for amplification of the first 433
bp of the PAV-3 genome by PCR. Amplification primers
were oligonucleotides 1
(S'-GCGGATCCTTAATTAACATCATCAATAATATA

CCGCACACTTTT-3") (SEQ ID NO.: 2) and 2
(5'-CACCTGCAGATACACCCACACACGTCATCTCG-3")

(SEQ ID NO.: 3). In the sequences shown here, adenoviral

sequences are shown 1n bold and engineered restriction

enzyme sites are 1talicized.

For amplification of sequences at the right end of the
PAV-3 genome, the plasmid p3SA (Reddy et al., 1993,

supra) was used. This plasmid was used as template in PCR
for amplification of the terminal 573 bp of the genome using

oligonucleotide 1 (above) and oligonucleotide 3
(S'-CACCTGCAGCCTCCTGAGTGTGAAGAGTGTCC-

3 (SEQ ID NO.: 4). The primers were designed based on
the nucleotide sequence information described elsewhere

(Reddy et al., 1995¢c, supra; and Reddy et al., 1997,

supra).

For construction of pPAV-100, the PCR product obtained
with oligonucleotides 1 and 2 was digested with BamHI and
Pstl restriction enzymes and the PCR product obtained using
primers 1 and 3 was digested with Pstl and Pacl enzymes.
Modified bacterial plasmid pPolyllsnl4 was digested with
BamHI and Pacl enzymes. This plasmid was used based on
its suitability for homologous recombination 1n E. coli. The
two PCR products described above were cloned 1nto pPolyl-
Isn14 by three way ligation to generate the plasmid pPAV-
100 which carries both termini of PAV-3, separated by a Pstl
site and bordered by Pacl restriction enzyme sites.

Plasmid pPAV-200, which contains a full length PAV-3
genome, was generated by co-transformation of E. col1 Bl
5183 recBC sbcBC (Hanahan, 1983, J. Mol. Biol.
166:557-580) with Pstl-linearized pPAV-100 and the
genomic DNA of PAV-3. Extensive restriction enzyme
analysis of pPAV-200 indicated that 1t had the structure
expected of a full-length PAV-3 1nsert, and that no unex-
pected rearrangements had occurred during recombination
in E. coli.

The mnfectivity of pPAV-200 was demonstrated by lipofec-
tin transiection (Life Technologies, Gaithersburg, Md.) of
ST cells following Pacl enzyme digestion of the plasmid to
release the viral genome from the plasmid. Viral plaques
were evident 7 days following transtection, and titers were
equivalent to, or higher than, those obtained after infection
with wild-type PAV. The plaques were amplified and the
viral DNA was extracted and analyzed by restriction enzyme
digestion. The viral DNA obtained by cleavage of pPAV-200
with Pacl contained an extra 3 bases at each end; but these
extra bases did not substantially reduce the infectivity of the
PAV genome excised from pPAV-200. In addition, the
bacterial-derived genomes lacked the 55-kDa terminal pro-

tein that 1s covalently linked to the 5' ends of adenoviral
DNAs and which enhances infectivity of viral DNA.

Example 3
(Greneration of E1 Deletion Mutants of PAV-3

A plasmid (pPAV-101) containing the left (nucleotides
1-2,130) and the right (nucleotides 32,660-34,094) terminal
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Ncol fragments of the PAV-3 genome was constructed by
digesting pPAV-200 with the enzyme Ncol (which has no
recognition sites in the vector backbone, but many sites in
the PAV 1nsert), gel-purifying the appropriate fragment and
seli-ligating the ends. See FIG. 4. The E1A sequences of
pPAV-101, between nucleotides 407 and 1270 (PAV genome
numbering), were deleted by digestion of pPAV-101 with
Notl (recognition site at nucleotide 407) and Asel
(recognition site at 1270), generation of blunt ends, and
isertion of a double-stranded oligonucleotide encoding a
Xbal restriction site to create a plasmid, pPAV-102, contain-
ing PAV left- and rnight-end sequences, separated by a Ncol
site, with a deletion of the E1 A region and a Xbal site at the
site of the deletion. See FIG. 5. Plasmid pPAV-201, contain-
ing a full-length PAV-3 genome minus E1 A sequences, was
created by co-transformation of E. coli1 BJ 5183 with Ncol
linearized pPAV-102 and genomic PAV-3 DNA. The result-
ing construct, when transiected into VIDO R1 cells follow-
ing digestion with Pacl restriction enzyme, produced a virus
that had a deletion 1n the E1 region. In similar fashion, con-
struction of a virus with deletions in E1 and E3 was accom-
plished by transformation of BJ 5183 cells with Ncol linear-
1zed pPAV-102 and genomic PAV-3 DNA containing an E3
deletion. These E1A deletion mutants did not grow on either

ST (swine testis) cells or fetal porcine retina cells and could
only be grown 1n the VIDO R1 cell line.

Example 4

Generation of E3 Inserts and Deletion Mutants

To systematically examine the extent of the E3 region that
could be deleted, a E3 transter vector was constructed. The
vector (pPAV-301) contained a PAV-3 segment from nucle-
otides 26,716 to 31,064 with a green fluorescent protein
(GFP) gene inserted into the SnaBI site (located at nucle-
otide 28,702) in the same orientation as E3. The GFP gene
was obtained from the plasmid pGreen Lantern-1™ (Life
Technologies), by Notl digestion followed by purification of
a 732-nucleotide fragment. Stmilarly, another construct was
made with GFP cloned into the Sacl site located at nucle-
otide 27,789. Kpnl-BamHI fragments encompassing the
modified E3 regions were then 1solated from these E3 trans-
fer vectors and recombined 1n E. coli with pPAV-200 that
had been linearized at nucleotide position 28,702 by SnaBlI
digestion. Virus were obtained with a construct that had the
GFP gene cloned into the SnaBI site.

To delete the non-essential portion of E3 from the transfer
vector, a PCR approach was used. In this approach, the
region of the PAV genome between nucleotides 27,402 and
28,112 was amplified using the following primers:
S"GACTGACGCCGGCATGCAAT-3' SEQ ID NO: 5
S-CGGATCCTGACGCTACGAGCGGTTGTA-3' SEQ 1D

NO: 6
In a second PCR reaction, the portion of the PAV genome
between nucleotides 28,709 and 29,859 was amplified using
the following two primers:

S'-CGGATCCATACGTACAGATGAAGTAGC-3'" SEQ ID
NO: 7
S-TCTGACTGAAGCCGACCTGC-3' SEQ ID NO: 8
In the oligonucleotides designated SEQ ID NO: 6 and
SEQ ID NO: 7, a BamHI recognition sequence 1s indicated
by underlining. The template for amplification was a Kpnl-
BamHI fragment encompassing nucleotides 26,716-31,063
of the PAV genome, inserted into the plasmid pGEM3Z
(Promega), and Piu polymerase (Stratagene) was used for
amplification. The first PCR product (product of amplifica-

tion with SEQ ID NO: 5 and SEQ ID NO: 6) was digested
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with BamHI and gel-purified. The second PCR product
(product of amplification with SEQ ID NO: 7 and SEQ ID
NO: 8) was digested with BamHI and Spel and gel-purified.
They were 1serted into Smal/Spel-digested pBlueScript 11
SK(+) (Stratagene) 1n a three-way ligation reaction to gener-
ate pPAV-300. See FIG. 6. pPAV-300 contains the portion of
the PAV-3 genome extending from nucleotides 27,402 to
29,859, with 594 base pairs (bp) between nucleotides 28,113
and 28,707 deleted from the E3 region. A virus with such a
deletion was constructed as follows. A Sphl-Spel fragment
from pPAV-300, containing part of the pVIII gene, a deleted
E3 region, and part of the fiber gene was 1solated (see FIG.
6). This fragment was co-transfected, with SnaBI-digested
pPAV-200 (which contains a full-length PAV-3 genome) into
E. coli. Homologous recombination generated a plasmuad,
pFPAV-300, containing a full-length PAV genome with a
deletion 1n the E3 region. pFPAV-300 was digested with Pacl
and transfected into VIDO R1 cells (Example 1) to generate
recombinant virus with a deletion 1n the E3 region of the
genome.

Example 5

Construction of a PAV Recombinant with an
Insertion of the PRV gp50 Gene 1n the PAV E3
Region and Expression of the Inserted Gene

To construct a recombinant PAV expressing pseudorabies
virus (PRV) gp50, the PRV gp50 gene was inserted at the
SnaBl site of pPAV-300 to create plasmid pPAV-300-gp30. A
Sphl-Spel fragment from pPAV-300-gp50, containing part
of the pVII gene, a deleted E3 region with the PRV gp50
gene 1nserted, and part of the fiber gene, was purified and
co-transfected, along with SnaBI-digested pFPAV-300 (E3-
deleted) mto E. coli. In the bacterial cell, homologous
recombination generated pFPAV-300-gp50, a plasmid con-
taining a PAV genome with the PRV gp30 gene replacing a
deleted E3 region. Recombinant virus particles were
obtained as described 1n Example 4.

Expression of the inserted PRV gp50 was tested after
infection of VIDO R1 cells with the recombinant virus, by
>>S labeling of infected cells (continuous label), followed by
immunoprecipitation with an anti-gp50 monoclonal anti-
body and gel electrophoresis of the immunoprecipitate. FIG.
7 shows that large amounts of gp50 are present by 12 hours
after infection, and expression of gp30 persists up to 24
hours after infection.

Example 6

Expression of the Chloramphenicol
Acetyltransierase Gene from a Region that Lies

Between the Promoter of the E4 Region and the
Right ITR

The right terminal fragment of the PAV genome
(encompassing nucleotides 31,054-34,094) (SEQ ID NO:1)

was obtained by Xhol digestion of pPAV-200 and cloned
between the Xhol and Notl sites of pPolyllsnl4. A Chloram-
phenicol acetyltransierase (CAT) gene expression cassette,
in which the CAT gene was tlanked by the SV40 early pro-
moter and the SV40 polyadenylation signal, was inserted, in
both orientations, into a unique Hpal site located between
the E4 region promoter and the right ITR, to generate plas-
mids pPAV-400A and pPAV-400B. The modified terminal
fragments were transferred mto a plasmid containing a full-
length PAV-3 genome by homologous recombination 1n E.
coli between the 1solated terminal fragments and Hpal-
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digested pPAV-200. Recombinant viruses expressing CAT
were obtained following transfection of VIDO R1 cells with
the plasmids. PAV-CAZ2 contained the CAT gene cassette in a
leftward transcriptional orientation (i.e., the same orienta-
tion as E4 region transcription), while, in PAV-CAT6, the

CAT gene cassette was 1n the rightward transcriptional ori-
entation.

These recombinant viruses were tested for expression of
CAT, after infection of VIDO R1 cells, using a CAT Enzyme
Assay System from Promega, following the instructions pro-
vided by the supplier. See, Cullen (1987) Meth. Enzymology
43.73°7; and Gorman et al, (1982) Mol. Cell. Biol. 2:1044.

The results are shown 1n Table 3.

TABL.

L1l

3

CAT activity expressed by recombinant PAV viruses

Sample *H cpm
Mock-infected 458
CAT positive control* 199,962
PAV-CAT?2 153,444
PAV-CAT6 63,386

*the positive control sample contained 0.1 Units of purified CAT.

These results show that recombinant PAV viruses, con-
taining an inserted gene, are viable and are capable of
expressing the mserted gene.

Example 7

Construction of Replication Defective PAV-3
Expressing GEFP

A 2.3 kb fragment containing the CMV immediate early
promoter, the green fluorescent protein (GFP) gene and the
bovine growth hormone poly(A) signal was isolated by
digesting pQBI 25 (Quantum Biotechnology) with BglII and
Dralll followed by filling the ends with T4 DNA poly-
merase. This fragment was inserted into the Sril site of
pPAV-102 1n both orientations to generate pPAV-102GEP
(FIG. 8). This plasmid, digested with Pacl and Smal
enzymes, and the fragment containing part of the El
sequence and the GFP gene was gel purified. This fragment
and the Sril digested pFPAV-201 were used to transform E.
coli B] 5183 to generate the full-length clone containing
GFP 1n the E1 region (pFPAV-201-GFP) by homologous
recombination. The recombinant virus, PAV3delE1E3.GFP
was generated following transiection of VIDO R1 cells with
Pacl restricted pFPAV-201-GFP that had the GFP transcrip-
tion unit 1n the opposite orientation to the E1. A similar virus
with the GFP 1n the same orientation as E1 could not be
rescued from transiected cells. Presence of the GFP gene 1n
the viral genome was confirmed by restriction enzyme
analysis. The recombinant virus replicated in VIDO R1 cells
two logs less efliciently than the wild type PAV-3.

Example 8

Virus Entry and Replication of PAV-3 in Human and
Animal Cells

To mitially characterize the host species restriction of
PAV 1n vitro, monolayers of 11 cell types from 6 different
mammalian species were mnfected with wild type PAV-3 or

PAV3del. EIE3.GFP. ST, VIDO R1 (porcine), 293, A549
(human), MDBK VIDO R2 (bovine), C3HA (mouse), COS,
VERO (monkey), sheep skin fibroblasts or cotton rat lung

cells were 1incubated with 1 ptu/cell of wild type PAV-3 or
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helper-dependent PAV-3 expressing GFP. The cells infected
with wild type PAV were harvested at 2 h and 3 days post-
infection, subjected to two cycles of freeze-thaw, and virus
titers were determined on VIDO R1 cells. Cells that were
infected with the recombinant virus expressing GFP were

observed with the aid of a fluorescent microscope for green
fluorescence.

A ten-fold increase 1n virus titers 1n Vero and COS cells,

and a hundred-fold increase in cotton rat lung fibroblasts and
VIDO R2 cells, was noticed. No increase 1n the virus titers
was observed with 293, A349, MDBK, sheep skin
fibroblasts, dog kidney and C3HA cells. All of these cell
types showed bright green fluorescence when infected with
PAV3delE1E3. GFP except human cells, which showed a
weak fluorescence. In addition, low levels of GFP expres-
sion were achieved in human cells with recombinant PAV-3.
These observations suggest that virus entry into human cells
1s limited and/or the human cells are non-permissive for the
replication of the virus. These results also demonstrated that
GFP was expressed by the PAV-3 vector 1n cells which are
semi-permissive (VERO, COS, Cotton rat lung fibroblasts
and VIDO R2), or non-permissive (Sheep skin fibroblasts,

MDBK and human cells) for virus replication.

Example 9

Insertions 1n the Regions of the PAV-3 Genome
Defined by Nucleotides 145-13,535; 15,284-19,035;
22,677-24,055; 26,573-27,088; and 31,149-34,094
(SEQ ID NO:1)

Insertions are made by art-recognized techniques
including, but not limited to, restriction digestion, nuclease
digestion, ligation, kinase and phosphatase treatment, DNA
polymerase treatment, reverse transcriptase treatment, and
chemical oligonucleotide synthesis. Heterologous nucleic
acid sequences of interest are cloned into plasmid vectors
containing portions of the PAV genome (which may or may
not contain deletions of PAV sequences) such that the for-
eign sequences are tlanked by sequences having substantial
homology to a region of the PAV genome 1nto which inser-
tion 1s to be directed. Substantial homology reters to homol-
ogy sullicient to support homologous recombination. These
constructs are then introduced into host cells that are
co-transfected with PAV-3 DNA or a cloned PAV genome.
During infection, homologous recombination between these
constructs and PAV genomes will occur to generate recombi-
nant PAV genome-containing plasmids. Recombinant virus

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 8
<210>
<211l>
<212>
<213>

<220>

SEQ ID NO 1

LENGTH: 324094

TYPE: DNA

ORGANISM: Porcine Adenovirus Type 3

FEATURE :

<400> SEQUENCE: 1

catcatcaat aatataccgc acacttttat tgcccectttt gtggcegtggt gattggcgga

gagggttggg gdgcggcegggce gdtgattggt ggagaggggt gtgacgtagce gtgggaacgt

gacgtcgegt gggaaaatga cgtgtgatga cgtcccegtgg gaacgggtca aagtccaagyg
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are obtained by transiecting the recombinant PAV genome-
containing plasmids into a suitable mammalian host cell
line. I the mnsertion occurs 1n an essential region of the PAV
genome, the recombinant PAV virus i1s propagated in a
helper cell line which supplies the viral function that was
lost due to the 1nsertion.

Deposit of Biological Materials

The following materials were deposited and are main-
tained with the Vetermnary Infectious Disease Organization

(VIDQO), Saskatoon, Saskatchewan, Canada.

The nucleotide sequences of the deposited matenals are
incorporated by reference herein, as well as the sequences of
the polypeptides encoded thereby. In the event of any dis-
crepancy between a sequence expressly disclosed herein and
a deposited sequence, the deposited sequence 1s controlling.

Internal

Material Accession No. Deposit Date
Recombinant plasmids

pPAV-101 VIDO 98-1 Apr. 10, 1998
pPAV-102 VIDO 98-2 Apr. 10, 1998
pPAV-200 VIDO 98-3 Apr. 10, 1998
pPAV-300 VIDO 98-4 Apr. 10, 1998
pPAV-400A VIDO 98-5 Apr. 10, 1998
pPAV-400B VIDO 98-6 Apr. 10, 1998

Recombinant Cell Lines

Porcine embryonic retinal cells transformed with HAV-5
E1 sequences:

VIDO R1 VIDOO 98C-1 Apr. 10, 1998

While the foregoing invention has been described in some
detail by way of 1llustration and example for purposes of
clanty of understanding, 1t will be apparent to those skilled
in the art that various changes and modifications may be
practiced without departing from the spirit of the mvention.
Therefore the foregoing descriptions and examples should
not be construed as limiting the scope of the invention.
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ggaaggggtyg

gcacaggtgg

gtggcacttc

actcacctga

tgtgtgggtyg

ctcttgagtc

cagacttcac

ggtggatctg

tctggtcgat

gactgagggyg

tcagggggtc

cgeggtggcet

gccaccctct

tgattaccat

gatgcatgcc

aaaaggaaaa

aagctgtttc

gcaagaggaa

gcccoccoccgcega

tctetgecta

tcagcatcat

CCCLLCLCLCE

accttaggaa

cggacaggtt

agatttttgt

acgaagaggc

tggctctggt

gtattttaag

agcaggtgcg

tgcccagtgy

agcgcccgcyg

gcaggctcga

gg9ggagcygdy

gtatctggag

tatgcttcag

gcagccyyycC

catcgggaac

gccgcegtaac

ttttgatcgg

gcacggctgce

gagccctggg
agagtaccgc
cgcaccacac
gcggggtgtce
tattttttcce
cgaagggagt
ctggactggy
cgcgacccct
ggactgccgg
ggtgagtcag
tttgagatgy
gcggaggtge
cegtttgtgt
cgctttcact
tttgctgtct
agtgcttgta
tccagcacct
gtactgctat
ttaatcatta
tatataccct
catcgctctyg
ttctgtgggc
ggtgatagta
tatcaaggta
ggagggtgag
cgttctgaaa
ctgcttcatt
tcttetggty
gcaggggctg
gtcatccggc
ggagcaggaa
agggccggat
gaggaggcgg
agtcctetygy
ccgggggatg
acggtgtacg
ggggccaaga

cacatgtgtt

gagctaccgyg

aacttcctygy

29

gcggtectcec
gggattttgt
gtccgeggcc
cttcgegcetyg
cctcagtgta
agagttttet

acggaaaccc

ctcecggggga
acgagtggcet
aggacagtgg
accccccaga
tgtctgaact
tggactgccc
ccaaggaccc
atggtgagtyg
agaaatctca
cacaggtcgy
gactcatgca
acctcaataa
tgtggtttge
CCLCCCtCta

atggactatc

caggggtctc
gtagcagagyg
aggggctttg
gagttggatt
tttgagaagc
ccgcecactat
tgcatcatca
agtggcagcg
gaggaggagyd
ctggtttaga
gggggtctte
agatgcatga
atctggggga
agctgaggcyg
tcaagattcg
ccattgcgygg

cceggggtygg

gctttcectggy

geggggcegygy

gccctcectgga
cggtattccc
agaggtccgc
tatagtccgce
ctcagcggaa
cgaggtggtg
tgagggcttc
ggacagtgtg
tgggagtgcc
agagggggac
ggctgatgtyg
cgaggtacct
caatctgaag
tttttggaca
tgtgctattt
gttccccecggy
gcgaacaacc
acagcatgtg
agggaaggda
ctgcaggcta
aacttctggce
agaactgccce
ccaggaggca
gtcctgagtt
tcagcacctt
ttcagaagca
gttcccectget
ggatgccgag
gggccgggat
aggacgagda
tcgcocgecgyg
catggttagc
gcgcectacagce
gatgatagcc
cccgatcacce
ggggaattac
catgtggtcg
tctgatttta

ctcggtaata
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gcecgagcegyce
ccggaccttce
cacctgacga
ggcggccgcc
gcagcgcccyg
cagaccctcyg
ccggtgetgg
tgtgagccgt
gacgaggtgg
gctggtgact
agtaatgagyg
gtgtttgagyg
ggtgtgaact
tgcagtctgt
tttgtgggat
cccattttetet
acttggagac
tttggacctyg
atgatgactyg
tgtggtgact
tttcttgcta
caagcttact

ttggtggaaa

gtacgggcaa

cctgcgggaa

gggacgcacc

cagcgggtgyg

ggagygcgceyga

cygcgyaygcegy

gcgggaccad

tgggatggaa

ceccgygygygay

tatcagcagg

tttgagcaga

cagcacgcca

atccgcagca

acggagtaca

gtgactatca

gccaacacgc

acggcgaacg

ggaaattccc

gccctceoggt

cggtgacacc

cgagatgacg

agagtcacta

acatggcgaa

aatgggaccc

gctgggagag

aggtgattgt

caggtggctc

aggatatcag

acccacttgc

gccgctcettyg

gctacatgag

tatgtggaaa

gtctttttag

ctgccaggac

tctatgaagce

attgtctgtg

gagctattcc

gctegetgtc

aacgtgaact

aagatttttt

gagttgattyg

gggggactgt

gtagctagtyg

actgacgagyg

atgatggcgg

gagatgctgt

gtggtgccca

gcgagcggye

cgggtggaga

tgctttetga

ttaggcccta

aggtggagtt

tgtgttacat

tcaacataga

cggatgtggt

acttcatcct

ccgggggggt

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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ggtgcgggga
gctgacggtyg
ttgcaggatc
gggcaagata
ggacctggtyg
ctcgtctecge
tgtgggcggc
ggtggtggac
tgagatgtac
gcagtacgcc
gacagacgcyg
tgacgatgac
agtgggatgg
gcatgcagcc
tgcttcattt
aatgtgaacg
ttcgttcage
gtgtttccat
ctgcggcagc
tcggaggcgg
ggcgcetggag
gtgggggacc
agcgaccctg
aagaggagcy
gdaggaaaga
taataataaa

cagggtctty

gggcatgact

ggtgcagtag

gaggagcadgy

ctgggcgggce

gatgttgccyg

gccggtgcag

gacccceccttyg

gcyggygcgycy

catgaggtcc

tagggtgtgg

tacctcctgc

gg99gdadgagy

tgctactttt

aacgagaaca

aagtacaact

gtggggaaca

tgctgccaga

ctgccctacc

cgcctgggca

gagcagtcct

aagctgcectgc

tgcctgtgey

ctgcgggccc

tgaggatgag

gctttggatyg

ccacggggaa

cagctcgtcet

gcggagtggt

agcaacagca

cggtggatct

agctgcagga

ccgaggagyga

cgaacaccat

ctgagcctgc

cggtgcectgc

gtccatgcgce

agaccatgga

gcttatggat

tgtatcttet

cceteggeygy

atgatccagt

ctgatggcgg

tgcatgaggg

ctctggtcgc

cyggyggygaagce

tgtccgecga

gcgcgggceyga

tggtagctca

tccggaccgc

ggggggatca

agttgggagyg

31

tcgcecctgcta
cgtttgaaaa
ccteccectgtce
gcatcatgag
gcgggatggt
ctgagttccyg
gcttcagccce
accggggtcet
agtgtacgga
gggacaatca
cceggtecct

tcaccceccte

ggggaggggt
gcttgtgtgg
tcccagetgy
gggcgcccct
gcagcecyggygy
gagcygcyggay
gctgcgggag
agaggaggay
gygaagayggay
tggagtggaa
tactaccact
ggaggacaac
gacgggtgtt
gtttggaacyg
cgaggcaccg
ggtgcaggta
cataggcgtt
tgggcagacc
gggacatgat
ggcgggggtt
gggcgtgceag
ggtcctccat
agacgttgcyg
tgcggacaaa
tgcggtagtt
tgtccaccty

agatgaggtt

caaggcgctyg

gtgtgtgtac

caccttctgc

cccttacacg

gatgcccoctyg

caagaatgtyg

cagccgctgc

gagtgtgacc

ggcggacgag

ccectggecy

ggtgagctgc

ccctectett

gttccctata

aggatgtctt

gﬂﬂggﬂgtgﬂ

gcccagagag

acydcdygcyga

gtgggcatga

gtggtggaga

gagattgtgg

gaggatgaga

gcccagcocgce

accccgaagc

tgacgcggac

CgLCtttttc

ataatagcgt

gtagacctygg

aagccactygy

Ctggttgﬂgg

cttggtgtag

gtggtacttg

catgttgtgg

cttggagggyg

gcactcgtcyg

tgagtcagtyg

gtctggcatyg

gccctegeag

cggggtgatg

geggagceagce
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gaccaccggyg
gcggtggtet
ttcttgcaca
ttcagcgacy
agcacggtgc
ctcctecgea
tcctacaget
tgctgcttcy
atggagacgg
caggtgegge
aactggggygy
gcaggtacgt
aaagggggat
ccgagggtga
gtcagggadgt
gggtgcetggce
cggggtetgt
tgcggcaggc
tacagctgcy
tggacgagga
tggtcctgac
caccaccacc
ggctcagcta
tgtgggggga
cagcccaact
gtccagcgtt
tgttggacgt
agggctgggt
tggtggttga
gcattgatga
gcctggatcet
aggacgacga
aaggcgtgga
aggacgatgg
acatcatagt
agggtggcgyg
atctgggtcet
aagaaaacag

tgggacttygce

ggcggcetgtyg

ctgceggggceyg

tgagctatac

acccctacgt

acatcgctcc

gcaccatgtt

acagctccct

atcagacctg

atacctctca

agatgaaagt

agttcagcga

ggccccgcocc

gggggtggag

gatccggacc

ggccdyggacy

ctactcceccgc

gttccecgggceg

gctggceggag

ggccacggcc

ggtggCgCCC

gatgactgtyg

caccccggag

cggcygcgagcCc

agaaggygygga

ttattgagaa

ctctgtettyg

Cgaaatacat

gceggdgyggcea

aaatgtcctt

accggttgac

tgaggttgga

ggacggcgta

agaacttggc

cgatgggtcc

tgtgctectyg

tctgggggat

cccaggcgac

tctececggeygy

cggagcceggrt

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920
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gggaccgtag

agccggggtyg

gacgaggtcc

ggccttgagg

gcgcatgcgce

ttgtttcteg

tggagggtcc

aagyggydceygy

ctgaaggtgg

gagaggtgtt

gcatcgcaaa

Ctgtgggﬂgt

tgggggttﬂt

ttggtctcca

acggagcgca

gcccactegg

tagcggtcgt

tcgteccecgegt

tcggggggta

tcaccggagt

tcaggtgggt

atgaaggcgg

tccatcectgyge

agggcgttgyg

ttttcecttygyg

aagatgctgt

accacgtcca

ccgeccttgc

gcgtcegatgg

ccgtcgaggc

tggceceggedgdy

tagaggggct

ttcgcggacy

gcctggggcec

atggtgggcc

aaggcgcggt

gcgcagtagce

cacaggtcct

ccgtectgat

cagtgtccct

atgacagcga

addaagdyyca

tgcaggaggt

ggcttgaggc

tcccagagcet

ggttggggtt

ggtccttceca

cctggggctg

cgcttcecgayg

gggtggcatyg

cggtgtcgcg

cgctgcecggca

ggggatcgaa

tgagctcgcy

ggggcecggtce

agatgaaggc

tgggcactaa

ccaggaagtyg

taaaaggcgc

ccgegtetec

acgctacgac

adgaycygygac

tggcgaagac

agagaagctt

cagcgatgtt

tgcgctegtc

cggaggtggce

gggagcagta

tgaagagggc

ggtcctgcca

ggaaggggtg

ccocgcaggayg

tagtcataca

ggctggegceg

tctggaagac

aggactcttyg

gcagggtggce

tgttgaggag

cgcgtaagta

tgtccacggc
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tgactggctyg
tgcaggcgtt
gtcggectcece
ccteggegta
cggttacatyg
gctgcgtgag
gggccgygagy
ctcggtggcec
ctgcgegtcy
gccecttggceyg
cagggcgtag
gcgctcecgcac
gacgagygyy
tccggaegegy
ggcgatgggyg
acgcgaccag
tggcgaggcc
gattggtcgc
gggccggggt
ggcgtctcygce
aaagtccggy
ggagaggtcg
caccttctta
ggcgatgctyg
gagctgcacyg
cggcayggagy
tacctcogecy
Jg9999ggcagy
gggcagygaygy
gcggcygyggcey
ggtgagggcg
gccgatgaag
gctecgtggga
gtagaggagc
attgaaggcy
cagcttgcgy
ctggacgatyg
gtactcctga
gtccceccegty

cagctcagtag

gacctggtag
gagggtgtcg
cagggagadyy
gggcatgtcc
tcccacggta
tacggaacga
gcccgcegtga
agggtcctcet
ttcaggtagc
cggagcettgce
agcttggggyg
tgggtctcgce
cccececegttec
gtgaggaaga
gtgccgcggt
gcgaggacga
tgctcgageg
cagtggtagt
gcgtggccogt
gctgcggcetg
gtgacctcag
ccgcggygcega
ttgtcgaggce
cggagcgttt
tagtctcggg
cgcacggccc
cggaggggcet
acgtccagcet
tcggggtcga
gccagggcgc
ctggcataca
ttggggtagce
gdgcgcgagd
tgcttgaaga
gcgtggggaa
accagacggyg
tcgtaagcegt
tcgctgtcecce

cggtagaact

gecgeyggeyy
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ttgagggagc
cgcaggttgc
aggtgggaga
tgcagggcct
tcgtcoctcca
ggcggtgggce
gggtggtctc
tgaggctgag
actggcggag
cggggcecgcey
cgagcaggac
actcgaccag
gcttgaggceyg
ggctgtcggt
cgtcggcgta
agctggcgac
tgtggagaca
ccacgtgacc
cagttgcttc
catctgtggt
cgctgaggtt
tggctteggt
gtgtggcgaa
ggtttctgte
cgaggcagcyg
agccacggtt
cgttggtcca
ggtcctcegtce
agtagctgag
ggtcgaaggg
tgccgcagat
agcggeccogcec
aggttcggcec
tggcgtggga
ggccggcectyg
cggtgacgac
ccecectgget
agtacttggc

cgttcacggc

ccttgcggag

ggcaggtgcc

ggttctettg

gggaggcegaa

ggtggagcac

gcaggtctgg

gtcgageggy

ggtgacggtg

gcggetggtyg

gaggtcatag

gtgcccgcaa

cgtcteggayg

ccaggtgagc

gtgtttacct

gtccceccegtag

gaggatgagyg

ctgcgagggyg

gaggtcctcyg

ggcttgeggyg

gcaggcctcyg

cceggagtet

gtectgtttet

ggtgcgggcd

actgccgtag

ccggtaeggec

ccactcgggyg

gtggagggtyg

gcagaggceydy

gggggggtcyg

gggctcgggy

gttgaggggt

gtcatagacyg

gcgcaggctc

gaggtgcegge

gttggagctg

cgtgtggacyg

gacgtcctgyg

CECCLLCLLtC

gtgtgggaag

atcgtagggg

gﬂtggtgtgﬂ

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320
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gtgagggcga

gccatgacgc

aggttgaagc

accaggaagyg

tcatcgaagc

cgcagycygycC

ccggggeccc

cagagggtgt

atggcgcgcet

ggcgggctct

aggtggaaga

gtctccaggt

aaggcgatgg

cggcgygcgcca

tgggcctect

gggaagdgyga

tggtgttgcet

accgcecggtcet

aagaggttgyg

tCCtgggtgg

ccggectecy

nggﬂgﬂgtt

tgacgcggceg

ctcggaacct

gcaggatctc

cgagctegtc

cggtgatgcg

tgtagaccag

ccaccaggcy

tggcgatgtg

tgtcgcccag

actcgtgctyg

ccgectgecy

CCLCLELCLCC

ctgcctecgc

ccacgaagcyg

cgcecteecy

gcaggctgag

gcagcgcttce

aggtgtcccg
cctectecca
tgatgtcatt
aggggyggygcac
ccgagatgtt
ggcgccgcag
gctcectgegce
cggtgaggcyg
tctgcgggca
ggacggccac
ccagcaggaa
cataggtgag
tctgccacca
cggagcaggt
ggatgctctt
ggcggggcygy
ggcgggtgac
ggggggtagce
ccagggcgct
tgcccectggag
cggccteggce
gagctcgggce
gttgatgttc
gaaagagagt
ggacacgtcc
ctcgtccagg
gttcatgatyg
ctggccgtceg
gttgaagggc
ctcgcagagyg
gtcctcgagy
gcgggccgygay
cacctcctcec
ctcttectecece
gdggacgygdygy
ctcgatgacc
gggccgcagc
cgcactgatg

ggcaaactcg
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gaccatgaac
gtccgcegtag
gaagaggatg
ctcgeggcegg
gtggcccacy
ctgggcatag
cagctcggcg
ggcctgcagyg
gagcatgtag
cacctgcagc
gyggcacgagc
gaagaggcdyd
gtcggccgtc
gtgggcggte
gatgaggtgg
cgggceccteg
cacctggacyg
ctgcaggadgg
gtcccagtgy
gcggagggtyg
ggcgyggcggycc
agcgggaggt
tggatctgcg
tccacggaat
ccgetgtttt

tccececgtggce

gccaccaggy
gcgteccecgcy
gcctgcaggc
aagaagttta
cgctgcatga
accgtgagct
tctaaggagg
tccaggggtyg
ggcgcaggcc
tcgccocccegcea
tcgaaggcgc
atgcagcgtg

cgcacctygcet

ttgacgtact

tcgeggegey

cggccgttgce

tgggcgagca

atgtagacct

gccagggggt

aggtctgggt

gcgtgccgca

aaggtgtggyg

gcggcogtcca

tgctttccga

cgggtgccect

tggcgctgaa

tggaagatgc

cagcggccct

ggcggggggt

aaggtgggcce

tcggggggcy

cggtggtagyg

gcgeggeget

ggtctcaggce

ggtcgceggceyg

ggttcccgga

caatgtcggc

cgeggtaggce

cggcgagcetc

cgttctetec

cgcgcatgac

gcagggcgtyg

tgacccagcy

ccecggtagaa

cctcttccag

gcgggggegt

gcatctcctc

ggggacggcy

tgcggcgcat

ccoccocgaegceayg

tcaactctct

cttecggaccec
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ggtgctgggyg
ggcggaagyc
gcggcatgaa
cctgcocgeggc
ccaggaagag
cctecggggtc
tgtgggccag
gggccttgaa
ctcgggtcetc
gcagctcctce
agcggecgtyg
cgggggagcc
cgtggtggaa
ggccgcagtg
gggtgaagag
cccagegceac
cggcggcegcey
gygcgcaggag
tgatgctcca
cgagcaggag
gggcagcetgyg
cagacgcgag
gaagaccacg
atcgtgggtyg
gatgtcctgce
cacggtggceg
gttctegtte
tacctgggcec
gtgcaggtag
gcgcagggtc
ctcgggggcy
ggcggcgatg
gctgggtcecyg
gtcttettet
ccggogcaag
ggtcteggtg
cgeggtgecg
cgtaggtacc

ggcgaagcgt

gtcetegggy
ggggttgggce
ggtgcgggtyg
caggacgatc
gyggcggcccy
gtccggcagyg
caggtgctgc
ggcgcggcecy
cagcgctgca
gtcccccecgag
ccaggtgtag
gatggggcgg
gtagaagtcc
ctcgcacttce
caggcggagd
gtggtgcagyg
ggccagctec
gtgcagctgg
gctctecccecy
ccceceegegty
gccaggggca
gcgtgggcega
ggcccggtga
gccacctggce
atgaactgct
gccaggtcga
cacacgcgac
aggttgagcy
ttgagggtgyg
agctcgttga
aagcgaaaaa
gcctcecggceca
gccaccgcecyg
tctgcectgcety
ggcagccggdt
acggcgceggce
ctgcagaggyg
Ccctgctgtt

tcgacgaagy

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

5000

5060

9120

5180

5240

5300

9360

5420

5480

9540

9600

9660
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cgtctagcca

gcecggcetgac

tgaggtcttt

gctggcagcg

ggtcggcgttc

ccaccacygcyg

ccaggtccag

cggaccagtt

aggcgcgcgt

gcaggtgggyg

agaggttcat

cgacygygcygda

ggcggaagag

tctgtcaaaa

gatcttggta

ccectatetgy

tgcggcagat

cgccectegec

gcegeyggoeyggyce

atgtgccgag

acctgceggtt

aggactttga

gegceggecay

agaccttcaa

tgcacctgtyg

cgcagctgcet

tgagcctggg

ttgtggtgca

tggcgaccct

tgaagctgcet

tggtcagcac

cgggcgcetgg

gaggaggady

gcagtccccy

Ctttaacaaca

agcgcecggcect

gagccttggg

ttcgcgagcec

cgcacgaacc

gccatccgec

gcaacagtcg

gaggaadgtga

gcggecgygcey

gccgatgtcec

caggtgggtg

ctcggccagy

gaaccggtgg

gaccacctgg

gtcaaagatg

cggagggtag

gagcatdagg

gacggagdgcy

ctccacggtyg

agaaccgggt

gtgaagcctyg

aggtgtgtct

gaagccgcecy

gtcgctgacy

ccoccgagegy

gcagaatgcg

cCcgcygceydygygy

ggggcgegtyg

cctggeccayg

caacaacgtyg

ggactttgtg

gctgatcgcg

cgcgeccgag

ggagcggtcc

ggccaagcac

ggtgctggcc

ctcecgeggedgdy

cCcgyggyagygy

agctggaaag

ctgactgcga

acagcagcat

ccetggegcec

agcaggctct

agccccectyggc

cgacgcacga

cggacygadgddycC
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caaggtaagt
aagtaggccy
cgctgcaggc
ttgagctgcet
cgaccgtagc
atggcctgcet
taggcgcccy
tagtggggct
taatcgttgc
aggtagagdgg
cggtggtagce
cgggtccact
taaatggatt
gtggttggtt
ccaggctcca
ctgttctett
gccocggegcecoc
cggcecygcygcey
cacccacggyg
ttccgegagce
cgggagatgc
gJaggagygcgy
gcctacgagce
cgcaccctgy
gaggccttcc
cagcactgcc
agccgcetggc
atgagcctga
tacgcgcgca
gacaacctgg
cgcgagctca
cgaggaggac
aggaggagtt
gcgatgaggyg
ggcggycgayc
cgagceyggycy
gcggcegcatce
caaccgcatc
gaaggtgctyg

cggcatggtg

tgagcgceggt

tcttgagcetyg

ggatgcggtc

cctgcagcecag

ccCcygcagydy

gcatgcgcty

tgttgatggt

ggatgacctc

agaggcdgeay

gccagtgttce

ggtagatgaa

ggtgggcgcyg

gccccecgtgag

ggtgtgtggt

gcagygyggycy

CCLtatttca

tgggcgcgga

aggaggygygyga

tgcagctcaa

gaccygygggydga

agctggaccy

ggggagtgag

agacggtacy

tgagccggga

tgcagcaccc

ggdacgagygy

tggtggacct

gcgagaaggt

agatctccac

gcatgtaccy

atgacaagga

ctggaggadgg

cggtcoccgy

tgatgtgtac

tctgaagctyg

acgcggatgc

atggcgctga

ggggccatcc

accgtggtga

tacgatgcgc
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gtgcgteggyg

ccggatggcg

ggccatgccc

atgtgccacg

gcgcagcagc

cagggagtct

gtaggagcag

ggtgtagcgc

caggtgctgg

cgtggceceggt

gcgggacatc

gttccaaatyg

gegggcegceag

agcgatctat

tccgeogtet

tgtagccatg

gg9ggycgacy

gggcctggceyg

gcgagaggcc

ggagygygggay

ggagcgagtg

cgceggcegcedy

cgaggaggtce

cgaggtgacc

ccggtoccgce

catggtgaag

ggtgaacctyg

ggcggccatc

cttctacatg

caacaagcgyg

agctcatgtt

aggaggacct
ggaccgegge
tgatggcaac
gggeggcggce
aggcgctgcc
cggccgacgyg
tggaggcggt
acgcgctgcet

tgctggagcg

agccggaggt
cgcaggygagygygy
caggcctcect
ggcacgtccc
gccaggtcgyg
gagaagtcat
ttgcccagca
agtcgactgt
tagcccacga
tggcggggdy
caggcgatgc
ttgcgcaccy
tcgagggcgc
CCCCcCctttgt
Ctcecttecectt
catcccgttce
cgctcecteggt
cggetgtegg
atggaggcct
gagatgaggg
ctccagecccy
gcccacatga

aacttccaaa

atgggactga

gcgctgaccy

gaggcgcetgce

ctccagacca

aactactcgg

cgegeggtgyg

ctggagcgcg

tggcctecgce

ggagdgaggcd

gcgtgaggtyg

catccceccectt

ggcgggggtyg

ctccctggac

gtctcggcegc

ggtgcctcecy

ggagacctcyg

ggtctcacgc

5720

5780

5840

5900

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10220

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11540

12000

12060

38



tacaacagcyg

atcgcccagce

ttcatcgect

agcgcgcetgc

cacaccttcc

gagaacctgc

tcecetgetga

atgaacgtca

gccaacttgce

ggcgacgaygy

cagcgygcegge

gtgcagcagg

gacgaggcca

cgcctgatgy

gtcctgaacce

gagcagdacg

ctcatgctgce

accgaggagc

tCCtCCCth

tcgeccggceca

ggcgccgaca

ccaggcegcocy

gacgccatca

gtggccagct

gaggaagact

cgccacatcyg

ccaactcacc

cagcgocgcec

tcacggagcc

tcogttattce

agtcggcgga

tggtgcagaa

agcgctegey

cccagtacat

caaatgcccc

tcgeggtceat

agcagggggt

gctatgaccc

ccgacgtggt

gcaacgtgca

gcgagcgctce

cgctgeccege

ggCthtggt

tgcaggcggc

ggcccctgty

cgcccaacac

gccggagcetce

atgtggacga

acgacgcggc

tgﬂﬂggﬂggﬂ

ccgtgagect

gccgcaacct

actacttcca

ccegetgget

agygdggagga

ggtccgcagce

cgccctegey

tctcectetggc

cgcccaccta

gcctggagtg

cocgocggocy

gcagccggcet

tctcoccegecy

ggcdgccadda

ccocccaaggy

acggccatgy

gceagggagcy

tctttatgtyg

acagctcccyg

tatcgccagt

cagcgacttc

ctggggcgygy

gttcagcaac

cacctacgag

cgacctgatyg

caadgddgadgddgad

ggagaccaag

gctggcaccyg
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gaccaacctyg
gagcgccaac
aacggtggag
gagcgaggtyg
gcggaacggt
ggggctgceag
ccggetgetyg
ctacattggg
gcgcacgtac
gcggetgeag
gtatgccctyg
gtacctgatyg
ggagcccagc
tcgecgeggcec
gccctcggayg

geggeceetgyg

ctcctcecagag
gccctcecacce
ctctctggga
tggctctcegc
ggacgcgctyg
cocgocgecgc
gttcacctgyg
ccaccagccyg
ccggttettt
gctgtaatgce
ttgtccttgt
tcgcoctecgc
ccgcocgeggt
ccgctcetacy
ctgaactacc
acgcccatgyg
gagtttaaga
agcttcocggy
tggttcaccc
aacaacgcga

gacatcgggg

ctggtcatgc

ggctgcgcca

gaccggctgt
aacctgggca
cggggccayy
ccgcagacgg
tccaagacgg
gcccececgety
ctgctcctygg
cacctgctga
caggagatca
gccaccctcea
accgccgagyg
caggacddygdy
ttctacgcgg
gcggtggcege
ggcttcttca
gacgcctttyg
ccectectect
ccggecctcet
aagcgygygygaygy
tggggctcgce
ctggcccectce
gcctccocgcet
cgcacgcgceg
cgcccecygygydy
cgcttcgaag
aaaaaagcaa
gtgcccecgtcea
cgtcectacga
acctgggccc
ataccacaaa
aaaacaacca
aggcgagcac
gcattctgac
tgcgcectgat
tgaccctgcec
tcgtggagaa
tgaagatcga
ccggcagcta

tcgacttcac

US RE40,930 E

-continued

cccaggacgt

gcctggecgc

agagctacct

aggtgttccg

tgaacctcaa

ggdgagcgceygy

tggctcocctt

cactctaccg

ccagcgtcag

acttcttcct

aggagcgcat

cgacggccac

cgcaccggga

ccaactactt

ccggegtgta

acagcgacga

ccttcacccce

cgcgegtcecc

gaggggactc

gccgctcecag

ccaaggatgt

cctcoecctgga

cccaggagat

ccctecgaaga

cgccocgagga

aataaaaaac

gatgaggagg

gagtgtggtg

caccygagdydydy

gatctatctyg

cagtgacttt

gcagaccatc

caccaacatc

gagcygcgeyge

cgagggcaac

ctacctggcg

cacgcgcaac

caccaacatg

Cttctcecegc

gcggcaggtg
gctgaatgec
ggggttcctce
ctcggggcecy
ccaggccatyg
gcacgtgtcc
cgcgygaggygay
cgagacgctyg
ccgggcegttyg
gaccaaccgyg
cctgcegcetac
gggcgcecctg
cttcatcaac
tatgaatgcc
tgacttcccy
ggagggccgc
cctgeccecty
gtcccgggca
gctcgectac
cctggccagce
gaacgagcac
ggaggacatc
gggcctgcecc
cgacgaggag
aaaccccttce
ccctecegygt
atgatgccag
gggtcttcgce
cggaacagca
atcgataaca
ctcaccagcy
aacctggatyg
cccaacgtga
gataaagaga
ttctcecggaca
gtggggcggc
ttcecgecctgy
gcctttcacc

ctaaacaacc

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12200

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

139580

14040

14100

14160

14220

14280

14340

14400

40



tgctgggcat

tggcgggggy

gcaccatcaa

ccgagycgyy

acccggcecac

tggagcaggt

gccagacgcc

ccttctacaa

tggtctttaa

cctccatcag

gcatcceceygy

tgtacaagag

cagccctacc

cgtctegecc

ccgecgecty

cagtctgaag

cgtggtcaac

ggccygcyCcdgcC

ggtggaggceg

g9ggygacccCccC

cacccggcgy

cctececgcaaa
tgaacaagtc
gttgcgcccc
aaaaggagct

aggacgtcaa

agcgggggtt

ggacygggycy

gtcttcggag

tcctgcagcea

agcggeygyge

atgacgaggt

atgagttctc

tggccegtecce

ccatgcccct

ccgcctcact

tggtggagcc

gcatcattct

gegeyggeogc

acgacctggt

ccgcaagcegc

caacatcccc

gcccecctgaag

ggacaccttc

gggcaccgcc

ctactggagc

gagcaactac

cacccaggcec

ccgcetteccey

cgagaacgty

ggtgcagcgg

tﬂtﬂggggtg

cgtcacaggy

agcaacaact

tcccoccggatc

ggacgcgtgg

gcgatcgecy

gtctcectecy

gtagcccggce

gtggcggatg

cggcgcagycC

cgcacctegt

catccatcca

agttgagccyg

gctgcaggcg

agaggagtcc

gagcgacagc

gcgegtgege

gtcgagcgcc

ggcgtccoccag

ccgeoccecteyg

cgtggcagac

ctatggcaag

gctggaggaa

ggtgtcccct

ggtccccacce

gccecgceteca

ggctccgecgce

ggcgcetggag

ggagatggca
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tacccctacc
gcgctgetgy
caggacagca
acctactacc
tcccagacgc
ctgccggacc
ccggtggtag
gtgtactccc
gagaaccaga
ccctegetga
gtaaccgtca
gtgaccccga
gagacagaga
ttggctgggy
accccgtgat
ccoccocagcac
gcgccacccy
tggccgtcac
gccgececgegce
tggtggceggce
gctcecgegec
cctgagattt
tccaacatcc
gcaccgacgc
ttggcgcccy
aaagctgacc
gacgaggtgc
gcccacctac
accaagcgct
cgcctgaacy
ccgacacccy
agtgacatcc
cggtcgetgc
ggcaggaacc
cgcacggccy
gtgcaggtcc
gcacccacgc
cygggceyggycc
cygggcyggcygy

gaggctgtcyg

aggagggctt
acctcaccac
agggtcgcag
gcagctggta
tgctggtctc
tgatgcagga
ccacggagct
agctccectgea

tcctecectgey

cggaccacgg
ccgacgegag
gggtgctcag
aaagacagcc
actgggcctyg
cgtccgacgc
catagcgaca
ccgeacggcogc
cggggacccy
gcggcgcecogt
ggtggaagcg
ggccatccty
ttgtgtttty
gtggctgcetyg
gctcggccat
aggtgtacgg
ttaaaccgct
tggtgctggg
cgcceccggtgce
ctgcggacga
aatttgctta
cgtcccecgegyg
tgcagcaact
tgggggagtc
acacacccag
tcaagcgccyg
tggcccccaa
cgcccectage
ggccccaggc
ccgecocgtgec

ccgogaccga
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catgctgacc

ctatgatcag

ctaccacgtg

cctggectac

cccggacgta

cceggtgacce

actgccgcetyg

gcaggccacc

cccgecagag

cacgctgecy

gegecegegtg

cagccgaacc

agccccgceca

cgctccatgt

cactaccggyg

acggatgacc

cgccatcegtce

gtggccgatg

tcttcecgegcea

gtggcgegcece

ggggtgcegcec

CCCLCLCtCctygc

tgtctttgte

ggccatctcyg

ggcgcctaag
gaagaagcygy
cacgcgcccc
cagcctcegec
gttgtatgcg
tggcaagaga
ccggaccacc
tggatccggg
aggagacacc
cctgcagcecy
ggcgcccgcec
gcgtegtcetyg
ccegeygygceygy
cgtcgtggcy
cctgcecaccy

ggtgctgccc

tacgaggacc

gagaactcca

gycdagyacc

aactacgggyg

acctgcggag

ttccggecca

cgctceccecgygy

dacaacaccc

tccaccatca

ctgcgtaaca

tgtcectatyg

ttctaaccga

tggccatcct

acgygggygcegc

ccaactgggc

ctgtggccga

gacgtcggag

tggtcaacgc

tgcagaccac

ggagygcggay

gcagccgcecy

ctceegtggy

CCCLCLtLttgc

cgccgcegtga

daddagyaga

cgcaaggcca

aggcgcacgcet

tacgtcccgy

gacacggaca

gcccygygcygycCc

aagcgctcett

gaccgctcca

gtccecggcety

ctcaccgagce

gacgagccca

caggaggtgyg

tccagceccggce

ccgcagcetcea

gacacdyadd

agcctcececyg

14460

14520

14580

14640

14700

14760

14820

14880

14240

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

155900

155960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

42



tctceccatcat

ccgtggeggt

gggtgceggt

ccgeccegtgc

ggcagccccy

cctecgtygey

ccgtgggggt

tgaccaagca

agcgtgggca

gagacccgct

ccaggcaggt

tggﬂﬂﬂggﬂg

gcgtgogect

agcegeocgoecc

tgccecggggtr

ggcgttgatt

cctcctetgce

gagaccgaga

gtaccgccgyg

atccatctgy

acggcgctgc

agcagcaccyg

cggccggtca

agctggagca

aacaaggcct

gtgcagggga

aaccaggccyg

agctcectecy

cagacgagct

ccteggcecac

aggagatcat

ccgggatccec

ataagatgcyg

cocgececggc

cggcgagttc

aacaccattg

cagcatggag

ctcecgegety

cggggaattce

gccgcecocacce

ggccaagagc

tccagtccty

cgagcccccy

cacggtatcc

cgoeggcagcec

gygcaccygay

ccatcggggt

cCaacacycCc

cccagggggt

gcggcetgacy

cccygcygygeygy

cgocgececcca

gccececgcagcyg

gcgctatcat

tatttttgga

tgaagccaga

ctccgeggty

gggccgatga

gccatccocceccy

tgtgtatgtyg

tctccatgga

tgggcacttyg

atatctggag

gdaacadgcdy

agataggtga

tctceccecacgce

ccagcagcag

gCCtCCtCCC

tccocgegegc

catccgctcc

cgccaccttyg

ccooececgecy

ccocogeggcet

caaaggcccc

tgggactggg

aaacaacaat

Cgttattttc

cgcaggatgg
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gccacggagy
tccetgaccee
gaggcgccocc
cgccecgegtgce
ctgcccecgtgce
caagtcctgce
ccggtggtge
gcagaccatc
ccggetgagg
gcaggtggcet
gcggtggtge
ttcecggtgcec
gagcgcctcyg
gcggtcocccc
cccagtcagg
gacctgactyg
cgatgctgac
ggttccgegt
ggggtggcat
gcatcgcctc
tgtcttecat
ggacctaagc
gagcgaaatc
cgggcetgaag
gacggtgacg
ggtcattgcc
cgtggaccgc
caacagatgg
cccgaggacc
caatcccgceg
gacgagcccc
gagctgcgtc
ccgctcacca
cctgtgegtce
ccaggtgggg
tgtccgcaca
gtctggattc

aacgggctgt

cgacgcecgtce

tggccctgec

ccggectecy

tggtggccat

ccecgcagggc

tcacggagcc

aggcgacecc

agtccatcac

gacgtcaccy

agcgcctcgy

ttccaaccag

cccccacccc

tcccccagcc

gcgtcegecgce

gccctegget

ccatggctcec

tgttgtgttc

ctaccggtty

ggﬂgﬂﬂtﬂgg

cctgecaeggcey

ggtggcgatg

gtgccttect

ttttecgegt

ggcacgagtc

agctttggta

agcgtgcgca

tccggggtec

cggtgcaaca

gcctegtgga

tcttgectec

ggacgtcccy

ctccctatga

ccgagaccaa

ccaccacctc

ggﬂgtﬂﬂggﬂ

gtccgegcegc

tgcaagcgcc

aaataaagac

ttcettttge

gatgatgccg
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cgtacagacc

cgcgcetgatg

gcccocgtgcetce

cgtgcgggac

cggccaggcec

cgccocgaccg

ggtcaagcgg

tgcccaccgt

tgggcgtcca

cgtgctagec

gcgogeocccy

cctccagccc

cgtaccccgyg

gecgaggceyy

caccgcccaa

Cttaaatttt

cggcetgeccy

cgcagcedgged

ctggtgccca

agtgctagac

tcottegtte

tggctccacy

agatgaacgg

gttctcectggc

acaagttgaa

acggtgccct

gcagcagctyg

accctectat

tcctecectcect

ccaagcgcecc

agagctgtat

actgcccgcec

ctccgetgec

cgcggctecyg

gcegggtggea

gtcegttgtta

acgcctattc

atctctgtgce

cagtggtcct

ccactgccgce

ggcaccgagc

cgggccacca

atcccggceca

accgcggtcg

gccaccgtcet

tcaaagcgcc

ccgcactgte

gaccgctccc

caccygcacac

gtggttccgg
cgoegcegegcoc
tggcggtgge
cccategtge
cgcgtcecatcet
ctatcctcect
tgcggatgcyg
gcagygcyggcey
tcatcgcggce
aacgcaatta
ccaacggaac
ctttggcacyg
cggcgegctce
ctccacggec
ggatgccgac
ggacgtggcc
cggcagcagc
gagatggaga
ccgocgectyg
gccgeogcocc
cccgacaagyg
gtggcccaca
gcecgoeegcocc
gccecgeggctc
aaacaaactc
ctgagagaga
ttccacggtyg
catcgcgceca

atatgcacat

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18500

1859560

19020

19080

12140

44



ctcecgggcag

ggagacctac

tgtgacgacy

cactcagtac

catggcgagc

gtactcgggc

tctagaccct

tgtgggtcct

gaccaccatc

caatatacct

accttgttac

caaggttaca

aaatggatta

tactcatctyg

acaggccgcet

gtactacaac

ggtggtcgac

ctatgacagyg

tgtgcgtgtyg

cggcgcecatc

aagagccaca

cctgggceatce

cttccectcectac

cgtccccatc

caacctcatt

cgtcaacccc

caacggccgc

cctgcectgetc

catgatcctc

cgagagcgtc

ggaggccatg

caacatgctc

caactgggcc

cctgggcetcey

gaccttctac

Ctggﬂﬂgggﬂ

cgg9ggagyggge

gctcgcoccac

cacctactcc

ccacaaagat

gacgcgtccyg
tttaacctga
gagcgctcgce
acatacaaga
accttettty
accgcgtaca
aaaggtgaaa
attgatgaaa
gatcectttgt
tctgcgacta
ggttcttaty
ccattgtact
aagccaaatyg
gtctatgctyg
ccaaacaggyg
agcaatggca
ctgcaggaca
tcgaggtact
ctggaaaaca
gagaccaaca
acctggacaa
ggcaacctca
agcaacgtgyg
gaccccaaca
gatacctttg
ttcaaccacc
tactgcaagt
ctgccggggy
cagtccacgc
aacctctacyg
ctgcgcaacy
taccccatcc
gccttoogeyg
ccettegacc
ctgggccaca
aatgaccgcc
tacacggtgy
tacaacatcyg

ttcctgegea

gagtacctgyg
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agtacctgtc
acaacaagtt
agcggctgca
ccegetteca
acatcacgggy
acatcatggc
ctgaggcetgg
ccacgggaga
atgagcccca
gcggagetgyg
cctetecgac
ttacaaacaa
tcaccctata
tgaatcaaac
ccaattacat
accagggcat
ggaatcaccyg
ttagccectgtyg
atggcgtgga
tgacatttac
aggagaatgyg
acgccatgga
cgctgtaccet
cgcactccta
tcaacatcgy
accgcaacta
tccacatcca
cgacctacac
tgggcaacga
ccagcttcett
acaccaacaa
cggccaacgt
gctggagcett
cctactttac
cctteogecy
tgctcactcc
cccagaccaa
gctaccaggyg
actttgagcc

aggtgcccac

tcccecgggcety

taggaacccc

gctgcecgcette

gctggeggtyg

aacgctggac

tcccaagagc

caaagttaat

cattaaaatt

accccagcte

aagagttctc

aaatattcac

tcccgccacc

ctcagaggat

ccaggaattc

cggcttcagy
gctagccggt
aactagctac
gaaccaggcc
ggacgagatg
acagctcaaa
ggatgatggc
gatcaatctce
gcctgacaag
tgactacatc
ggcgcgcetgyg
cggcctgegc
ggtgccgcaa
ctacgagtgy
ccteocgegey
tcccatggcec
ccaaaccttt
caccaacctyg
cacgcggcty
ctactcgggc
catcagcatc
caacgagttc
catgaccaaa
ataccacctyg
catgtgccgc

caccaaccad
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gtgcagttct

accgtagegce

gtcccecegtgy

ggcgacaacc

cggggaccct

gctcccaaca

accattgctc

acagaagaag

ggtccaagct

ddacadaccd

ggtgggcaaa

gaagccgaag

gttgacctaa

gctcaatatyg

gacaacttta

caggcctctce

cagctcttcc

atcgattctt

cccaacttttc

aagagtgaga

gdaaacddad

acggccaacce

tacaagtttt

aacaagcgcc

tcccocecggatyg

taccgctccc

aagttctttg

tccttccgca

gacdyggyccda

cacaacaccyg

attgacttcc

cccatctceca

aagcacaacg

tccatcceccect

cagttcgact

gaggtcaagc

gactggttcc

ccagagggct

caggtgcccyg

ttcaacagca

cccaggcgac

ccacccacyga

acaaggagga

gcgtgttgga

ccttcaaacc

actgtcaata

aagcaagttt

aagacgaaga

cgtggtcaga

caccgcegtcea

cgaaggatga

cactcgaaga

aagcaccaga

gacttggaca

tcgggetgtt

agctcaacgc

tcgatagcect

atgacaagga

gctttccocat

atggtggctc

cggagcacta

tctggegcay

cCcccygcccad

tgcccctcaa

tcatggacaa

agctcctggyg

ccctcaagag

aggacgtcaa

aaatcaacat

cctccaccect

tctcetecgce

ttcccagecyg

agacccccgce

acctggacgy

ccteecgtgge

gcaccgtgga

tggtgcagat

accgcgaccyg

actacgccaa

gcggcetttgt

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19580

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20040

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

46



atccgceggcec

ccegcectecatce

cacgctctygy

gggccagaac

cgccatggat

gcaccagccg

gaacgccacc

gccatggcgce

ggcttcttge

gdagycCcycCccC

gacccctteg

ctgctgcecgca

acccagagcyg

gccgectttyg

gagggcgtgyg

caggaggcct

gccatcatgyg

gtaagtcaaa

taggtgaacc

tcatcgtcgt

cacttgaact

ttggtcagcet

tgggggttgce

gggtgggtca

gacccgctca

cggcagceccc

atccgggggt

gagccctecog

acgtcgtggc

cggttggtygyg

ctgttgagat

tgcagcccct

ggcgtcttca

agcaggctct

gcttgggccc

ttgacatcca

ttctgetect

gg9gcygcegydy

cgcgecgtey

ttcaccgccy

ggcdgaagdacyg

cgcatccecct

CtCCtCtan

JgaaccCcaccCc

caccgaggcy

acctaaggcy

gcgacctcca

aagagtccca

actggctggc

gcttctcocga

agagcgccat

tgcagggacc

cccgctaccc

acaacgagcyg

gctacgegtt

daacadacaca

aaggcctctt

cggacccgcec

CCtCCgttCC

cgggcaccgt
gcagggccay
cgcgcogaccc
cgctggccag
gcgcgaaggyd
agccgcagtc
agcaggcctt
agtagaagag
tgcaacacat
tgatcttggc
ccatctccac
ccgagceccegcet
gacccgcecogc
tttgcgtget
cgcgcecggaa
ccttcaggygyg

gagcatccag

JggCcyyyCcCcCcC

ccgetgecogt
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gcatgcgcga
ccgtgcagac
tctectecaa
ccaactcggc
tcttgtatgt
tcatcgaggc
gagccgogca
gctgcceccecygce
gcgcectgetge
cgtcgoctgy
ccgggagcetc
ccagagcacc
gcacagcgcc
cgacagcccc
gctcttecgac
cctegetege
cctgcacaaa
ttatcctceceyg

gtcggctccce

cacgggdygaayg
cagtggaggc
catcacatcg
gcggtacacc
aatcttgggg
ggtgatcttyg
gcacaccagc
ctggaaagcc
gccgcaggac
ggccccgtcy
gcgetegggy
cagctgctcc
gcggtgetgce
cttcaccaca
gaaggtcagc
gcactccagy
gaccagcatc
ctgcagcagc
ctcctettec

ctcttcagcce

ggggcaccca
cgtgacccag
cttcatgtcce
ccacgccctce
tctgttcgag
cgtctacctg
ggcatgggca
ttcctgggcea
gccatcgtca
gagcccgcect
gcccaggtcet
ccggaccgcet
gcctgcoggac
atggcctaca
gccgacgtcc
cactccgect
gcgctcegata
tcgectgggy
ctccatcccce
atggtgttet
cgcgtcetgea
ggggcgcetga
gggttgtagce
tcttccacca
caggtctgcc
ggcatcagca
ttgagctgcet
cgcgocgaga
ttgcgcagcet
gtctcgcgca
ttgttgatca
cagatcacgc
aagtccagca
tggcagctga
gtgctgccgt
tgcacagcca
ggccgggcca
tccccatcett

tcgtectect
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taccccgcca

cgcaagttcc

atgggcaccc

gacatgacct

gtctttgacy

cgcacgccct

gcaccgagga

cctttgacaa

acacggccgc

cgcgcacctt

atgactttga

gcctcacgcet

tcttetgect

atcccgtcat

agcccatctt

acttccgege

tgcaataaag

gtgtatgtag

CCLECctctca

gcacctggaa

tcagggcggc

tcttgaaatc

actggaacac

gctgggggtt
ggcccagcag
ggtgcgtctce
cgaaggccty
aggtgttggyg
gcaccacgtt
gggcgcegcetyg
tgggcagccc
acccgcaggyg
gdgaagcyggyc
tcttgcgcetce
ccggcagcag
gatccatggc
ccgcecocggget
cgccecttect

cctcecctegct

actggcccta

tctgcgaccy

tCcaccgacct

tcgaggtcga

tctgcggcegt

tctcocecgecygy

cgagctccga

gtccttoccy

cCygeCcacacc

Ctacttcttt

gtaccagcgc

cgtcaagagc

cctcttcecte

ggacctggtg

ccgcogcocaac

cCacCcygCcCac

gctttttatt

atggggggac

aaacaggctc

ctggggcccc

ccacatctgt

acaattcttc

cagcaccgcg

cagcgacgcc

gggcacctgg

cgcegttgecc

ctgcgectty

ggccgacccc

gcggcecccag

ccegtteteg

gtgcaggcag

gttccactcyg

catcactgtc

gttcagccag

cgtcaggccc

ccgcectgecac

cggggtcacc
cctegaegggce

gaccagqdgycC

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880
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ttggcacgcy
cocoecgegcec
ccgetgtceat
agaccagcac
accaccgcecyg
gcccaccgaa
cagcgagtgc
gctccectece
catggacgcy
cctgcaggag
gctcagccgce
gaacggaacc
ggccctggcec
caaccgccca
tccaaccacc

cgccaaccag

ccgectggey

gctgccaccce

actccccgac

ggﬂﬂﬂgﬂtgg

cgoccgectgc

gatggtgcgc

agctagcaag

cgaaaacagyg

ctacgtccgy

ctggcagcag

tcgccagagc

CcCttttcccece

gagcatgatg

ctgcaacgcy

ctgggctcac

cgaggacacc

gcaccgctygce

tgagctccayg

cggtctcetgy

catcctcttce

cacgcactcyg

gctgaccaaa

cgceccecegtec

gcaccagcag

cgcgcettecyg

ggctgggggt

agtcagacac

agcgcagcca

ccacctccgc

accgatgacy

ttcgtcectegc

gagcccocgcec

gacgtgctgce

gccgeeoceayg

cgcctggaayg

tgcgccccgy

acctacctcc

cgagccgacyg

gacgaggttt

gacctgaaag

gtggtcaagc

aaggtcatga

gaggygcgaga

atgcacacct

atggtcacgy

cgccteggay

atcgccaata

ctcggtcagc

gacaccattt

tgcctcecgagy

ctgtggacgyg

accaagctcyg

catgccttcc

ctccectcetg

tgctacctcc

tccggcgagg

ctcgccacca

cggececcceca

acctccgcct

tacgaggacyg

gccattctcg

ggccacygycy

ACCygCCCacCcC

cagccgagcc
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ccgcectoctgc
cgcgacagga
gtccgaatag
gtgagctggyg
ccacgtcacc
cggaggacac
cgctggaaga
gggacgagga
agcgccacct
gcgcagcecgce
cggccctett
acccccogect
Ccttcttcca
cgcactggcy
acaagatctt
agcgcgacag
agtgcatcgc
gcacgctcat
cgccccectega
cggaccccaa
tgcagctcca
agtgcctcca
tggaactctc
acgtgctcca
acctatacct
accgaaacct
gctttgatga
tagagaccct
gctccecttegt
actttgtgcc
tgcgcctcogc
gcctcectttga
acaccgccct
agcccgacgg
tccteccogeca
tgtcccocgecc
cgcaattgca
tctacctaga
atgccgcccc

accgcagcecy

acgggcedday

gcgtcegtcca

cggcgactca

gtcctcecogeyg

gccaccttca

ctgctocteyg

cacgagctcc

ggagcaggay

gctgcgcocag

gyagygCoccycCccC

ctceccegcece

caacttctac

caadcCcadaaayd

gctgcccagt

tgagggcctg

cgtgttagtc

cgtcacccac

gcagaccctyg

ggacctcoctyg

ggtcctggag

ctgcatgcac

ctacatgttc

taacctggtc

ccacaccctce

ggtctatacc

gcgegceocty

gcgcactatce

gcagcgctcyg

cctocgagegc

caccgtctac

caacttcctce

gtgctactgce

cctcaacgag

caccctgceca

ctttgtetec

ccccagggty

tgacatcaaa

cccccacacc

tccggaggaa

CcCacCCacCycC
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AdgygCcCcygCcycCcy

caatcagcac

ttttgcttec

gcococgaccec

ctgcagcagc

tcctecectegt

gaggactcgg

gaggactcgc

agtaccatcc

gaggcgccct

acgccgecgc

ccggtcettcea

atccccgtca

gggaccccct

ggggacgayy

gagctcaagc

ttcgcctacc

ctggtgcgcec

gtggtcagceg

gagcdgcegea

accttcecctea

cgccagggcet

tcctacttygy

aagcatgagg

tggcagaccyg

gaaacgtctc

gcgcaggacc

ctccccgact

tccggeatec

cgcgagtgcec

atgtaccact

cgctgcaacce

gtgcaagcca

ccgceccttca

gaggactacc

gagccctecy

aaggccaggyg
ggagagygagc
gcccatcocgc

tccagctacg

cttgcggcect

ccecctettece

cctagatgga

ttccgecgec

ggcagcadgdydda

CCtCCgCCtC

cggacacggt

ccgaccgcta

tgcgccaggt

cggtggcegga

gycgccagda

tgctgcccga

gctgccecgcegc

tacctgacta

agccggectyg

tggacaaccc

cggccctggce

gcgcegagcocc

acgagcagct

agaccgtcac

ccteoccgega

acgtcaagct

gcatgctgca

cgagacgcga

ccatgggggt

tggctcagecgce

tcgceccgegtt

ttgccagceca

tgcccgecgt

cgccgecccet

gcgacctcegc

tctgcgcacce

CCcaacacctt

agctgacccec

actcggaccyg

cctgcgtcat

aagagttttt

tcaacaccgc

agcagcacca

cagaccgtgt

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280
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ccgaagcgag

cggatgctct

gcgagaccag

aggaggaacc

gcaagagcat

agacatccat

gctccectggceyg

gagcctgegt

tcecgttacta

gcagcagaac

atcttccagc

tcceccectcaceca

gacgcagaag

addadgcdggac

gtcttatcag

gaattggctc

gaaccagatt

ccegtectgy

gccgcecgtaac

cggagccctc

caacgaggac

aggcgygagyge

ctcecttece

ggtctacatc

ctacaacatc

ggctgceggga

gggaagggat

tceccgactete

accgccgceca

ctttcaaagt

tgtgtgagct

ctgtccgaca

gattatgaat

atcaacaacc

CtCgtcttct

gccaccgcecc

ttctcecggeca

cgcttcegagy

tcetectyget

ctccacgcect

gccagaggaa

cggcagctcec

ggtcacaccyg

cagccagcgc

ccaccggagt

ccgctaccgc

gcgceccecggtac

caaatcctct

cagcccacgt

agaygccdgeygy

agagctgtct

ctctecttega

cctgegtygey

ccacaatctg

agtgccgggce

ctcattcgcce

ccogecagcec

gaaattttgg

gcacccagag

ctacccctcet

CgCtCCtCCt

cgcagceyggcey

aaccccttet

ctaacggact

gctcctegac

tcacccggay

tctgcaagaa

ccgcgatgga

tcgcectgtcetc

gtacaaccgc

tagaaccaga

atgagctggc

agatcgggcc

ttgccatcat

tcatcgtgca

ccgttgtggt

agatggtgtt

caccgccaty
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acggeggtgce
cccacteccy
gaaggcagtt
acgaggccat
aggaactccyg
agccagccag
cacgacatcc
ctactctacc
tccecgttceca
cagccagctyg
cggccaggac
gtatcaccgc
gaagtactgc
gacacaccat
ggcgtgccygce
cttccatgat
aggcccttat
tgttgcctca
aaggcagact
acttatatgc
cggcgagcac
tcaaccccac
gcatcggcag
ccggaccygcec
ctgtagcagy
cagcaccgcec
tacttttgca
ggccacggtce
gaccgcacca
tgcggccatc
tcgtagegtc
ctctgactct
taccaacaca
caagaccctyg
catcatcgtc
gcgccagatyg
tactccccca

ctactacacc

gtccgectygy

gaccggttcc

cgatgctgcet

tgctcagtac

ccaagccctc

tcgtccoccayg

gtaggacacc

tctcocggecect

accacaacat

gcgatctcca

agagctaaga

gccctcaaaa

gaggaggceca

gctcggcagce

gagcaaacaa

cggtgcoctec

tggccaggtc

caccgagacyg

gatgacgcaa

gactgacgcc

cctgaccctc

tctcoccggecy

cgacgcctac

cgagcaattt

cgggacctac

ctatgactga

gccagtgcecce

tcacccgega

tgcgcttcayg

tcctcacttce

ctgctcctca

agcccctaca

tactcgggct

ccgaacgaag

gccctgggat

ctcatcctcet

tggtcctceey

aaacaagtca

acctcoccecgtcet

ccaactggat
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tccecgegacce

cgaagaagag

cctcgaggaa

ctacaccaac

cgaggctcgt

tccgececteg

ggagtactgc

caacatccct

gdaayqyccycC

tcttceccececcac

tcaggaaccyg

agctggaacg

ggcagacccyg

atccceccaccec

gtcgattact

aatgacatcc

ccacgecocey

cCyCcCCcaccc

ggcatgcaat

cgcegygceagag

gacggcatct

ctgacgctgce

gtccgcgagt

cccgaccagt

cggtccccag

taaccgctgce

gcactttgag

ccteccecacyg

gtactactgc

CCCtcttctt

CCtCCCCth

ctggctctygyg

acattctagg

acttttatgce

actaccgccg

aggccgtcect

ccccctgcaa

tcatgcecctyg

agtggatcag

ctgtctcetygyg

gctctcagcea

ctggaggagyg

agcagcagca

agatggaatc

gcccecgeagac

gogyayacyd

tccaagatca

agcagcgged

gctgtacgcc

caccctgcgce

cacgctcteg

ccggtattta

cgtacatgtg

ccacccgcat

gacacaccag

Cccaaaatcc

acctgcacct

tagccggggy

gcatccagcet

tccagctcgy

agaactccag

tcgtgeccac

tcatcgccaa

ggtcagcagc

tgcttcgeca

gccgagtgca

cgctacageyg

ggccctgcett

ctcgaccttc

cgtccaattt

ggacgatgaa

cagcatagtc

cgccatgcag

ctacgtgctg

gcggaaaacc

ctgctectge

gtgggcctca

atgcccagca

26340

26400

26460

26520

26580

26040

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

286020
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ggaaccgcgc

acatctacga

ccattcccecece

ctgccagtgc

ctcgceccaggt

ttatagacca

gatccagtct

gacggattca

tttgacaaca

cagctcegtcy

Ctcaaadgtca

ggtctttceta

ggcaacgccc

gtcaaactgyg

aatggacttc

tcagggagcg

agtctcagtt

acaatctccecc

ccaactttca

dacaaacacca

gttttgggtt

aattttattt

ggatttagat

ttaatgccaa

gtatacatta

ggatatagcc

tacgggacct

agtctcaggy

tgacagtctc

ggacacaatc

ggctccaact

tctaacaaac

gttagttttyg

ggtcaatttt

atttggattt

ctggttaatyg

atttgtatac

aaacggatat

ctcctacggy

gCCtCCCCCt

ccegecgcetyg

tgagccaacc

atttttctct

agtctatcca

gacgaaactyg

gttccaccat

acccctatga

accaatccgt

ccagggcecct

ttgccaccga

agtccececcat

actcagagac

tcactcttcc

ggagcggtct

agctgaacgyg

caggcatctc

tgaggccaaa

tgaattattc

aaccctacac

ccactcccaa

cctttgecct

ttgatggggc

ccaacgacag

gcacctttat

atcagacata

tagaatttaa

tctgctacgt

agcgcaggca

agtttgaggc

tccctgaatt

Ctcaaaccct

accaccactc

ggttcctttyg

atttttgatg

agatccaacyg

ccaagcacct

attaatcaga

agcctagaat

accttctget

tcccaggceca
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ccaccgeccc
gtagggcaat
attcaataaa
tgcgcogttt
tcgaaatgta
gggaccgaag
cgtccogcag
ggacggggtyg
caccctggcec
gggctcgggy
caccctgacc
cggcctcagt
cctcogecgcec
caccacggac
cgaaggacaa
tttcaactac
ggccatctcet
taacgacttt
gctgtggact
cggcaccttt
gaaatcatcc
aggtcggctt
cgtaattgaa
ttatccacgc
tgtgcatgtyg
ctttcaaaac
gccccgaagy
tctctttcaa
caaaggccat
attctaacga
acacgctgtyg
ccaacggcac
ccctgaaatc
gggcaggtceg
acagcgtaat
CLatttatcc
catatgtgca
ttaactttca
acgtgcccca

ccecggtacac

tcacctatgt

acgtacagat

gttgcttacc

tccatactca

acatttcgcyg

aagcagaagc

ctgcagatca

ctgtccectgc

ttcgggggag

ctaaccacca

gccgagyggygca

ctgcaagtca

ggtctccaaa

aacagtcagyg

ctcaccgtcc

tccagcaatyg

gtcacccctc

tctgtggaca

ggcgcctcac

ttcctatgec

atcgacctta

cagtcagact

cccacagecy

aacacctccg

gacatcaagg

atgagcttct

acaactcacc

ctactccagc

ctctgtcacc

cttttetgty

gactggcgcc

CCLCLLCLLtCcCcta

atccatcgac

gcttcagtca

tgaacccaca

aAcgdCcaacacc

tgtggacatc

aaacatgagc

gagtgcctag

cacccgctcc
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gggaccctgc

gaagtagctc

tgagttcatc

catagcgcag

cttctgtcag

gcgagctacc

atccaccctt

acatcgcacc

gtctacagct

acccggatgy

tctcectgte

cagctcccct

acaccgatgg

cggtgaccgt

ccgcocacggce

acttcegtett

cgctgcagtce

atggcgccct

ccacagcaaa

tgacacgtgt

ctagtatgac

ccacttataa

caggactcag

gttcttcect

taaacacact

CCgCCCGCtt

gtccceccgceca

aatgacttcg

ccteccgetge

gacaatggcyg

tcacccacag

tgcctgacac

cttactagta

gactccactt

gccgcaggac

tcoggttett

aaggtaaaca

ttCtCCgCCC

agaaccctgyg

atgtttctgt

gccgaggacc
ccoctettte
cacactcggt
ccgegceacgc
cagcaccccyg
cgaggacttc
cgtcageggyg
gcccecctegtt
ctcgggcaag
caagctggtt
cctgggtecc

gcagttccag

tggaatgggt

tcaggtggga

ccetttagte

agacaatgac

cacagaggac

caccttggcet

tgtcattcta

gggtgggtta

caaaaaggtc

agggagattt

tccagectygy

aacatcattt

ctctacaaac

ctccacctcecce

cggcccecttt

tcttagacaa

agtccacaga

cccectcacctt

caaatgtcat

gtgtgggtgyg

tgaccaaaaa

ataaagggag

tcagtccagce

ccctaacatc

cactctctac

ccttctceccac

ccgtcagecyg

atgtgttecte

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

300060

30120

30180

30240

30300

30360

30420

30480

30540

30600

306000

30720

30780

30840

30900

30960

31020
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ctcececgecgc

aaagccagga

aaaataaaga

ttgattcagy

atcagacagyg

tgctggtagc

tCCtCCCgCt

CtCCCCCgCC

tgggcgcagc

atgtaattgy

agcttcagat

acactgccca

cagaagatgc

acctgcceccecy

agcgtcegegc

acacaggcty

cacaatctcc

cggatgcaac

gtcaagtccyg

gctccategyg

tcectgecget

accgcacgca

aactccocccceca

agaaactctt

gctgccagcet

tccagcacct

agaggtggcet

daacadyycddy

aactatctgy

aatgagaatyg

gtcccagtta

agccagcaag

cgaggcgtag

gctcagccga

tccacacaga

gacacctgga

accagatccc

acgtagacta

cgggacgtgce

ttgtgcagca

agacacatcc

ctcagagaaa

tggggtgtgce

ggtaaggaca

taacactcct

ccgegtecct

gctgcgceccc

gccgagccac

catagtcccc

cacagtcata

cgtacatcac

gattgtactc

cgcggcactc

ccgcacagcey

tactgcagga

aaacagggaa

gtgctcacgyg

gaagtggcac

ctcctceccecatce

gctccatcat

gagagaacat

gcaggtactc

ccgttcegagy

gcacgcgctce

gatcgctcag

gaatcttgag

ccgggtcagc

ccaatcgcct

ctcagaggtyg

gaagtcaggt

agatccgtgyg

accgtgtaag

aagaacttca

ccagggttgt

tggggggcag

tcctcectgaaa
gcacattaaa

gcagatgaat

3

ccaccteccecy
tcagctececgt
atccaagttc
ataatcacaa
gcgcctcagce
tcccaacacc
ctgccgggac
gatggcctcc
cggctagcetc
gtcacagtag
catgatcttt
gcgactcacy
gcagccccgy
cagactggac
tctcoccggygcet
aaatccattc
caaaacatac
agcagatacyg
ggggttcgcc
ctcctectgt
gctcgtcetge
ggagcgcagy
atagagatgc
accgccocacy
atgtcgctygy
acacctcaca
cttgaagcag
catggacttc
gaccacgggt
actcggtagc
gcttcagacc
gcacatgcac

ctacacaccc

gggtggcctg
gttggcggga
aggattgatyg
aatctcgctc

aaggatcacy

gcggttcetga

ctgctcocgagc

gggggcegtcec

atatgatttt

aaatcacatc

ttctggaaca

atacactcct

caccactccc

gccgcecaget

agctcecgtggc

atgacctccc

atgtacatca

ctgggcaggt

atgatctcgc

cttttcagac

gaaacatatc

ttgatgggaa

cgedggeccygy

ggtgggacag

accactgcta

tccatcggcet

ggtcatcagyg

ggcccaggtg

tcctceccaaat

gtaaagacat

gagtacaccc

gagatgccag

cgagcggcta

ctctacatcc

caccaggtaa

gttatcaatc

gcagacacgc

cgaagctcecc

cgcctoccga

catatcctcect

ataggcagca

ccaggaagca

agtcggacaa

ctgggctgtt

tgaattaccy
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tgaggatccg

aacaactgtt

CCLtttattyg

agcaggtaca

gacatcagaa

ggagggccct

cctcoecgtgaa

tcagccagtyg

agcgccggca

cccagtggaa

ggtgggcgcec

tcaccgcctc

gcatcaggga

agtggcaatg

tgctccaget

aggatgtagc

ctgttgcgca

cggcccacgt

ctgctgccgce

gaggtgctgce

agtcaaaaaa

cceggeccgt

ccaccygcaaa

agccctececyg

ggacccydgygcC

cctgagcecag

ggcactcccc

ggggtcctgg

ggatgatgtc

acgtccccaa

ccatagcaac

gcaggaatct

gtgggagcag

Cttactcact

ggggtacgtc

gcaggtactyg

acacagcaaa
ctgacgtcag

gaggcctctc

tgatggacac

tatgtaaagg

attgggggaa

cacctgagac

atatttaatc

CthCtCtCC

ctgctgettce

ccgcaagcgce

caccagcact

catgcgcaac

tcgaaacatc

cctgaaccac

gcgcatcacc

aaagttccac

CcCaacCcCCCcC

gccagggdgac

cggecoccecac

ctcatagcaa

tgcgccacca

ctcctectcece

ttcattggcc

gcgctegcetc

ccaggcatgce

caccttcacc

ctggatgtac

cttctcatag

gcccoocttygy

ccacctcaca

cgttgttgcg

aggtccaaag

cagtgggaaa

ccacccactce

aagcattctc

tgttagcagc

cccagtgagyg

ggaaacagag

cccagtgggce

caccagatgt

acccgcagec

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

33120

33180

33240

33300

33360
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aacagcagac

CLLtctaaac

gggcetggtgg

gtcccgatcece

caccgegygcec

gtgactcctc
gtcagcgccy
gatgtggcca
cctcecocgegtt
cgcgacctgce
tcccacgega
cgcccoccaac
tattattgat
<210>
<211>
<212>

213>

<4 00>

cgggcetgcetg
gtctagtgag
ttggacccga
tgccacgcga
agcagcagtc
tcgcceccegcet
agacgagtgt
cgcctgeggt
aacgattaac
gactttgacc
cgtcacgttce

GCtCtCGgCC

gatg

SEQ ID NO 2
LENGTH: 44
TYPE :

ORGANISM: Porcine Adenovirus Type 3

DNA

SEQUENCE: 2

S7

atgcggtccc
tgtgctcecgtc
tgaagaagcg
ggtaggcgaa
ggtcgtgggce
ttcggtttet
gagcgaacac
cggttaatca
ccgceccagaa
cecgeccecteg
ccacgctacg

aatcaccacg

gcagacatat

ctgctectgc

aggagaggcy

gtacagatag

catgagaggg

cctegteteyg

cygcygageygygy

gtaccccatc

gtcccocgggaa

gactttgacc

tcacacccecet

ccacaaaagyg
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atgagttcaa

caatcaaaat

gcctectgag

agcacggcga

ggctgatggyg

ctctcagtgt

ccggtgatat

gtccgatcegy

ttccecgecag

gttcccacgc

ctccaccaat

ggcaataaaa

gcggatcctt aattaacatc atcaataata taccgcacac LTttt

<210>
<211>
<212>
<213>

<4 00>

SEQ ID NO 3
LENGTH: 32

TYPE :
ORGANISM: Porcine Adenovirus Type 3

DNA

SEQUENCE: 3

cacctgcaga tacacccaca cacgtcatct cg

<210>
<211>
<212>
<213>

<4 00>

SEQ ID NO 4
LENGTH: 32

TYPE :
ORGANISM: Porcine Adenovirus Type 3

DNA

SEQUENCE: 4

cacctgcagce ctcectgagtg tgaagagtgt cc

<210>
<211>
<212>
<213>

<4 00>
gactgacgcc
<210>
<211l>
<212>

<213>

<4 00>

SEQ ID NO b
LENGTH: 20

TYPE :
ORGANISM: Porcine Adenovirus Type 3

DNA

SEQUENCE: b5

ggcatgcaat

SEQ ID NO 6

LENGTH: 27
TYPE :
ORGANISM: Porcine Adenovirus Type 3

DNA

SEQUENCE: 6

cggatcctga cgctacgagce ggttgta

<210> SEQ ID NO 7
<211> LENGTH: 27

tgtgtgtett

ccgggcacca

tgtgaagagt

gaacagtcag

aagatggccg

ctcetetetgt

acccacagcg

aattcceccccg

ccggcectecgce

cacgtcattt

caccgecocygc

gtgtgcggta

33420

33480

33540

33600

33660

33720

33780

33840

33900

33960

34020

34080

34094

14

32

32

20

277

58
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60

-continued

<212> TYPE: DNA
<213> ORGANISM: Porcine Adenovirus Type 3

<400> SEQUENCE: 7

cggatccata cgtacagatg aagtagc

<210>
<211>
<212>
<213>

SEQ ID NO 8

LENGTH: 20

TYPE: DNA

ORGANISM: Porcine Adenovirus Type 3

<400> SEQUENCE: 8

tctgactgaa gccgacctgce

What 1s claimed 1s:
1. A replication-defective recombinant PAV-3 vector,
wherein said PAV-3 vector 1s capable of duplex formation

under conditions of high stringency with the genome of
PAV-3 as depicted in SEQ ID NO:1, or its complement, said
vector comprising I'TR sequences, packaging sequences, and
at least one heterologous nucleotide sequence, and wherein
the PAV-3 vector lacks E1 function.

2. The replication-detfective recombinant PAV-3 vector
according to claim 1, wherein the vector 1s deleted 1n the El
region.

3. The replication-detfective recombinant PAV-3 vector
according to claim 2, wherein the vector 1s additionally
deleted 1n a region selected from the group consisting of E2,
E3, E4, L1, L2, L3, L4, L3, L6 and the region between E4
and the night the genome.

4. The replication-defective recombinant PAV-3 vector
according to claim 3, wherein the vector 1s additionally
deleted 1n more than one region selected from the group
consisting of E2, E3, E4, L1, L2, L3, L4, L5, L6 and the
region between E4 and the end of the genome.

5. The replication-defective recombinant PAV-3 vector
according to claim 1, wherein the heterologous nucleotide
sequence encodes a polypeptide selected from the group
consisting of coagulation factors, growth hormones,
cytokines, lymphokines, tumor-suppressing polypeptides,
cell receptors, ligands for cell receptors, protease inhibitors,
antibodies, toxins, immunotoxins, dystrophins, cystic fibro-
s1s transmembrane conductance regulator (CFTR) and
immunogenic polypeptides.

6. A method for producing a recombinant PAV-3 that com-
prises mtroducing the PAV-3 vector of claim 1 ito a helper
cell line comprnising E1 function and recovering virus from
the infected cells.

7. A host cell comprising the vector of claim 1.

8. A method for producing a recombinant polypeptide, the
method comprising:

(a) providing a population of host cells according to claim

7, and

(b) growing said population of cells under conditions

whereby the polypeptide 1s expressed.

9. A composition comprising the replication-defective
recombinant PAV-3 vector of claim 1.

10. The composition according to claim 9 further com-
prising a pharmaceutically acceptable vehicle.

11. A composition capable of inducing an 1mmune
response 1n a mammalian subject, said composition com-
prising a replication-defective recombinant PAV-3 vector
according to claim 1, wherein the vector comprises a heter-
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ologous nucleotide sequence that encodes an immunogenic
polypeptide; and a pharmaceutically acceptable vehicle.

12. The composition according to claim 11, wherein said
immunogenic polypeptide 1s a pathogen antigen.

13. A recombinant PAV-3 vector comprising a PAV-3
genome capable of duplex formation under conditions of
high stringency to the PAV-3 genome as depicted in SEQ 1D
NO:1, or a complement thereof and at least one heterologous
nucleotide sequence, wherein the heterologous nucleotide
sequence 1s 1nserted 1 a region selected from the group
consisting of E1 region, [the E3 region,] and the E4 region
[and the region between E4 and the right end] of the genome.

14. The recombinant PAV-3 vector of claim 13, compris-
ing two or more heterologous nucleotide sequences.

15. The recombinant PAV-3 vector of claim 14, wherein
the two or more heterologous nucleotide sequences are
inserted at different insertion sites.

16. The recombinant PAV-3 vector of claim 13, wherein
the heterologous nucleotide sequence encodes a polypeptide
selected from the group consisting of coagulation factors,
growth hormones, cytokines, lymphokines, tumor-
suppressing polypeptides, cell receptors, ligands for cell
receptors, protease inhibitors, antibodies, toxins,
immunotoxins, dystrophins, cystic fibrosis transmembrane
conductance regulator (CFTR) and immunogenic polypep-
tides.

17. A host cell comprising the vector of claim 13.

18. A method for producing a recombinant polypeptide,
the method comprising:

(a) providing a population of host cells according to claim
17, and

(b) growing said population of cells under conditions

whereby the polypeptide 1s expressed.

19. A composition comprising the vector of claim 13.

20. The recombinant PAV-3 vector according to claim 13
wherein the heterologous nucleotide sequence 1s inserted in
the E1 region.

[21. The recombinant PAV-3 vector according to claim 13
wherein the heterologous nucleotide sequence 1s 1nserted in
the E3 region.]

22. The recombinant PAV-3 vector according to claim 13
wherein the heterologous nucleotide sequence encodes an
immunogenic polypeptide.

23. The recombinant PAV-3 vector according to claim 22,
wherein said immunogenic polypeptide 1s a pathogen anti-
gen.

24. The recombinant PAV-3 vector of claim 13, wherein
said vector 1s replication competent.

25. A method for obtaining a recombinant PAV-3 compris-
ing a heterologous nucleotide sequence inserted into a PAV-3
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insertion site located in a region selected from the group
consisting of the El region, and the E4 region of the PAV-3
genome, the method comprising the steps of:

(a) providing a PAV-3 genome capable of duplex forma-
tion under conditions of high stringency to the PAV-3
genome as depicted 1n SEQ ID NO: 1;

(b) providing a heterologous nucleotide sequence;

(¢) linking the heterologous nucleotide sequence to guide

sequences, the guide sequences being capable of
duplex formation under conditions of high stringency
to said PAV-3 genome sequences flanking the PAV-3
isertion site, or the complement of said sequences,
such that guide sequences are present at both ends of
the heterologous sequence;

(d) mtroducing the construct from step (c¢) mto a cell
together with the PAV-3 genome;

(e) allowing homologous recombination to occur between
the two sequences from step (d) to generate a recombi-
nant PAV-3 genome;

(1) puniiying the recombinant PAV-3 genome;

(g) mserting the recombinant PAV-3 genome 1nto a mam-
malian cell;

(h) culturing the mammalian cell under conditions
wherein the recombinant PAV-3 genome 1s replicated
and packaged; and

(1) optionally collecting the recombinant PAV-3 from the

cell or the culture medium.

[26. The method according to claim 25 wherein the inser-
tion site 1s located 1n a region of the PAV-3 genome selected
from the group consisting of the E1 region, the E3 region,
the E4 region and the region between E4 and the right end of
the genome.]

27. The method according to [claim 26] claim 25 wherein
the PAV-3 genome 1s deleted 1n a region selected from the
group consisting of the El region, the E3 region, the E4
region and the region between E4 and the right end of the
genome.

28. A composition comprising a recombinant PAV-3
obtained according to the method of claim 25.

29. The method according to claim 25 wherein said inser-
tion site 1s E1.

[30. The method according to claim 25 wherein said inser-
tion site is E3.}

31. A method for eliciting an immune response 1n a mam-
malian host comprising administering a composition com-
prising a recombinant PAV-3 vector that [expresses an
immunogenic polypeptide] comprises a heterologous
nucleic acid that encodes an immunogenic polypeptide
inserted at an insertion site selected from the group consist-
ing of the I'l vegion, and the E4 vegion of the PAV-3 genome,
wherein said PAV-3 vector 1s capable of duplex formation
under conditions of high stringency to the PAV-3 genome as
depicted 1n SEQ ID NO:1, or a complement thereof; and a
pharmaceutically acceptable vehicle.

32. The method of claim 31 wherein said PAV-3 vector
lacks E1 function.

33. The method of claim 32 wherein said PAV-3 vector 1s
additionally deleted 1n a region selected from the group con-
sisting of E2, E3, E4, L1, L2, L3, L4, L5, L6 and the region
between E4 and the night end of the genome.

34. The method according to claim 31 wherein said
immunogenic polypeptide 1s a pathogen antigen.

[35. A method for obtaining a full-length genomic clone
of a PAV-3 genome, the method comprising:

(a) providing two or more cloned segments of the PAV-3
genome, wherein said segments are capable of duplex

formation under conditions of high stringency to the
PAV-3 genome as depicted in SEQ ID NO:1, or a

5

10

15

20

25

30

35

40

45

50

55

60

65

62

complement thereof, and wherein the cloned segments
of the PAV-3 genome, taken together, represent the
entire PAV-3 genome;

(b) introducing the two or more cloned segments of the
PAV-3 genome 1nto a cell;

(c) allowing homologous recombination to occur within
the cell between the two or more cloned segments of
the PAV-3 genome to generate a full-length PAV-3
genome; and

(d) optionally punifying the full-length PAV-3 genome
from the cell.]

[36. The method of claim 35 wherein said cell is procary-

otic cell.]

37. The method of claim 36 wherein bacterial cell 1s E.
coli.

38. A method for obtaining a recombinant PAV-3 compris-
ing a heterologous nucleotide sequence inserted into a PAV-3
insertion site located in a region selected from the group
consisting of the El vegion and the E4 region of the PAV-3
genome, comprising the steps of

a) introducing a recombinant plasmid into a host cell 1n
combination with a PAV-3 genome, wherein said plas-
mid comprises a heterologous nucleotide sequence
flanked by nucleotide sequences that are capable of
duplex formation under conditions of high stringency
to PAV-3 nucleotide sequences flanking the PAV-3
insertion site, or the complement of said sequences, and
wherein the PAV-3 genome 1s capable of duplex forma-
tion under conditions of high stringency to the PAV-3
genome as depicted in SEQ ID NO:1, or a complement
thereof,

b) allowing homologous recombination to occur between
the plasmid and the PAV-3 genome thereby generating a
recombinant PAV-3 comprising said heterologous
nucleotide sequences;

¢) 1solating said recombinant PAV-3;

d) mtroducing said 1solated PAV-3 into a mammalian cell
permissive for growth of said PAV-3;

¢) culturing said mammalian cell under conditions suit-
able for PAV-3 replication and packaging; and

1) optionally, collecting said recombinant PAV-3 produced
from step e).

39. The method of claim 38 wherein said PAV-3 vector
lacks E1 function.

40. The method of claim 39 wherein said PAV-3 vector 1s
additionally deleted 1n a region selected from the group con-
sisting of E2, E3, E4, L1, L2, L3, L4, L5, L6 and the region
between E4 and the right end of the genome.

41. The replication-defective recombinant PAV-3 vector
according to claim 1 wherein the heterologous nucleotide
sequence encodes an immunogenic polypeptide.

42. The replication-defective PAV-3 vector according to
claim 41, wherein said immunogenic polypeptide 1s a patho-
gen antigen.

43. A vaccine for protecting a mammalian host against
infection comprising a recombinant PAV-3 vector compris-
ing a PAV-3 genome capable of duplex formation under con-
ditions of high stringency to the PAV-3 genome as depicted
in SEQ ID NO:1, or a complement thereot, and at least one
heterologous nucleotide sequence encoding an 1immuno-
genic polypeptide inserted into the PAV-3 insertion site
located in a region selected from the group consisting of the
E1 region, and the E4 vegion of the PAV-3 genome wherein
the insertion venders the PAV-3 replication defective, and a
pharmaceutically acceptable excipient.

44. The vaccine of claim 43 wherein said immunogenic

polypeptide 1s a pathogen antigen.
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