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FIG. 3A

wildtype CAP 1 atggctgccgatggttatcttccagattggetecgaggacactctectectgaaggaataaga 60
AbE 2 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA 60
AbE L 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA 60

[y

wildtype CAP 61 cagtggtggaagctcaaacctggeccaccaccaccaaageccgcagageggcataaggac 120
AbE 2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC 120
AbE L 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC 120

wildtype CAP 121 gacagcaggggtcttgtgcttcctgggtacaagtacctcggacccttcaacggactecgac 180
AbE 2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC 180
AbE L 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC 180

wildtype CAP 181 aagggagagccggtcaacgaggcagacgccgeggecctcgagcacgacaaagectacgac 240
AbE 2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC 240
AbE L 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC 240

wildtype CAP 241 cggcagctcgacagcggagacaacccgtacctcaagtacaaccacgeccgacgeggagttt 300
AbE 2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT 300
AbE L 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT 300

wildtype CAP 301 caggagcgccttaaagaagatacgtcttttgggggcaaccteggacgagcagtcectteccag 360
AbE 2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG 360
AbE L 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG 360

wildtype CAP 361 gcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagacggctceg 420
AbE 2 361 GCGAAARAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG 420
AbE L 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG 420

wildtype CAP 421 ggaaaaaagaggccggtagagcactctcctgtggagecagactectectecgggaaccgga 480
ADE 2 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA 480
AbE L 421 GGAARAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA 480

wildtype CAP 481 aaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggagacgcagac 540
AbE 2 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC 540
AbE L 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC 540

wildtype CAP 541 tcagtacctgacccccagcctctcggacageccaccagcagececctetggtectgggaact 600
AbE 2 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT 600
AbE L 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT 600

wildtype CAP 601 aatacgatggctacaggcagtggcgcplkcaatggcagacaataacgagggcgccgacgga 660
AbE 2 601 AATACGATGGCTACAGGCAGTGGC CAATGGCAGACAATAACGAGGGCGCCGACGGA 660
AbE L 601 AATACGATGGCTACAGGCAGTGGC CAATGGCAGACAATAACGAGGGCGCCGACGGA 660

wildtype CAP 661 gtgggtaattcctcgggaaattggcattgcgattccacatggatgggecgacagagtcate 720
AbE 2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC 720
AbE L 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC 720

wildtype CAP 721 accaccagcacccgaacctgggccctgcccacctacaacaaccacctctacaaacaaatt 780
AbE 2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT 780
AbE L 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT 780

wildtype CAP 781 tccagccaatcaggagcctcgaacgacaatcactactttggctacagcaccecttggggg 840
AbE 2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG 840
AbE L 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG 840

wildtype CAP 841 tattttgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatc 900

AbE 2 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC S00
AbE L 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC S00
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FIG. 3B

wildtype CAP 901 aacaacaactggggattccgacccaagagactcaacttcaagctctttaacattcaagte 960
AbE 2 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC 960
2AbE L 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTIC 960

wildtype CAP 961 aaagaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggtt 1020
AbE 2 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT 1020
AbE L 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT 1020

wildtype CAP 1021 caggtgtttactgactcggagtaccagctcccgtacgteccteggcteggegecatcaagga 1080
AbE 2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA 1080
AbE L 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA 1080

wildtype CAP 1081 tgcctcccgccgttcccagcagacgtcttcatggtgécacagtatggatacctcaccctg 1140
AbE 2 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG 1140
AbE L 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG 1140

wildtype CAP 1141 aacaacgggagtcaggcagtaggacgctcttcattttactgectggagtactttecttet 1200
AbE 2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT 1200
AbE L 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT 1200
wildtype CAP 1201 cagatgctgcgtaccggaaacaactttaccttcagetacacttttgaggacttecttte 1260
AbE 2 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACITCCTTTC 1260
AbE L 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACQEITTCCTTTC 1260

wildtype CAP 1261 cacagcagctacgctcacagccagégtctggaccgtctcatgaatcctctcatcgaccag 1320
AbE 2 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG 1320
AbE L 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG 1320

wildtype CAP 1321 tacctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaaggctt 1380
AbE 2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT 1380
AbE L 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT 1380

wildtype CAP 1381 cagttttctcaggdchgagcgagtgacattegggaccagtctaggaactggettectgga 1440
AbE 2 1381 CAGTTTTCTCAGGOTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA 1440
AbE L 1381 CAGTTTTCTCAGGOIGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA 1440

wildtype CAP 1441 ccctgttaccgccagcagidgagtatcaaagacatctgcggataacaacaacagtgaatac 1500
AbE 2 1441 CCCTGTTACCGCCAGCA AGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC 1500
AbE L 1441 CCCTGTTACCGCCAGCA AGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC 1500

wildtype CAP 1501 tcgtggactggagctaccaagtaccacctcaatggcagagactctectggtgaatceggge 1560
AbE 2 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC 1560
AbE L 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC 1560

wildtype CAP 1561 ccggccatggcaagccacaaggacgatgaagaaaagttttttcectcagageggggttcte 1620
AbE 2 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC 1620
AbE L 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC 1620

wildtype CAP 1621 atctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtcatgattaca 1680
AbE 2 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA 1680
AbE L 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA 1680

wildtype CAP 1681 gacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatggttctgtatet 1740
AbE 2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT 1740
AbE L 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT 1740

wildtype CAP 1741 accaacctccagagaggcaacagacaagcagctaccgcagatgtcaacacacaaggegtt 1800

AbE 2 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT 1800
AbE L 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT 1800
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FIG. 3C

wildtype CAP 1801 cttccaggcatggtctggcaggacagagatgtgtaccttcaggggeccatctgggcaaag 1860
AbE 2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAARG 1860
AbE L 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG 1860

wildtype CAP 1861 attccacacacggacggacattttcacccctctecccctcatgggtggattcggacttaaa 1920
AbE 2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA 1920
AbE L 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA 1920

wildtype CAP 1921 caccctcctccacagattctcatcaagaacaccccggtacctgegaatecttegaccace 1980
AbE 2 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC 1980
AbE L 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC 1980

wildtype CAP 1981 ttcagtgcggcaaagtttgcttccttcatcacacagtactccacgggacaggtcagegtyg 2040
AbE 2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG 2040
AbE L 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG 2040

wildtype CAP 2041 gagatcgagtgggagctgcagaaggaaaacagcaaacgctggaatcccgaaattcagtac 2100

AbE 2 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC 2100
AbE L 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC 2100
wildtype CAP 2101 acttccaactacaacaagtctgttaatgtggacttt ggadgctaatggegtgtat 2160
AbE 2 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTT GGACGCTAATGGCGTGTAT 2160
AbE L 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTT GGALJVTAATGGCGTGTAT 2160
wildtype CAP 2161 tcagagc cccattggcaccagatacctgactcgtaatctgtaattgettgeggec] 2220
AbE 2 2161 TCAGAGC CCCATTGGCACCAET-==~=—=————————————m— e ———————— —— 2187
AbE L 2161 TCAGAGC CCCATTGGCACCAGT-————===~———————————m—mmmmm e 2187

wildtype CAP 2221 [gccec(2225 (SEQ ID NO:1)
AbE 2 2187 |----- 2187 (SEQ.ID NO:2)
AbE L 2187 [-—--- 2187 (SEQ ID NO:3)
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FIG. 4A
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AAV2 VP1 1 atggctgccgatggttatcttccagattggctcgaggacactectetectgaaggaataaga
rAbE 1 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
rAbE 2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
rAbE 3 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
rAbE 4 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
rAbE 5 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAARGA
70 80 90 100 110 120

B T e S IS I [T [ [ O e

AAV2 VP1 61 cagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagagecggecataaggac
rAbE 1 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
rAbE 2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
rAbE 3 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
rAbE 4 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
rAbE 5 61 CAGTGGTGGARAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
130 140 150 160 170 180

B S S e e e [ I I

AAV2 VP1 121 gacagcaggggtcttgtgcttcctgggtacaagtacctcggacecttcaacggactegac
rAbE 1 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
rAbE 2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACARAGTACCTCGGACCCTTCARCGGACTCGAC
rAbE 3 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAARCGGACTCGAC
rAbE 4 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
rAbE 5 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
190 200 210 220 230 240

T e e O e O I I e

AAV2 VP1 181 aagggagagccggtcaacgaggcagacgccgeggccctegagecacgacaaagectacgac
rAbE 1 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
rAbE 2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAARAGCCTACGAC
rAbE 3 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
rAbE 4 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
rAbE 5 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC

250 260 270 280 290 300

B S e e T I I I e
AAV2 VP1 241 cggcagctcgacagcggagacaacccgtacctcaagtacaaccacgecgacgeggagttt

rAbE 1 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
rAbE 2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
rAbE 3 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
rAbE 4 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
rAbE 5 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT

310 320 330 340 350 360

e e S T I e I e R |
AAV2 VP1 301 caggagcgccttaaagaagatacgtcttttgggggcaaccteggacgageagtettccag

rAbE 1 301 CAGGAGCGCCTTAAAGAAGATACGTCITTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
rAbE 2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
rAbE 3 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
rAbE 4 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
rAbE 5 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
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FIG. 4B

370 380 390 400 410 420

B e P [ e I P e
AAV2 VP1 361 gcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagacggetecg

rAbE 1 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
rAbE 2 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAARGACGGCTCCG
rAbE 3 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCLCCG
rAbE 4 361 GCGAARAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
rAbE 5 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
430 440 450 460 470 480
[ e e e [ I I
AAV2 VPl 421 ggaaaaaagaggccggtagagcactctcctgtggagccagactcctectecgggaaccgga
rAbE 1 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGtGGAGCCAGACTCCTCCTCGGGAACCGGA
rAbE 2 421 GGAAARAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
rAbE 3 421 GGAAARAAAgAGGCCGGTAGAGCACTCTCCTGtGGAGCCAGACTCCTCCTCGGGAACCGGA
rAbE 4 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCcCTCCTCGGGAACCGGA
rAbE 5 421 GGAARAAAGAGGCCGGLAGAGCACTCTCCTGTGGAgCCAGACTCCTCCTCGGGAACCGGA
490 500 510 520 530 540
e T e I T I
AAV2 VP1 481 aaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggagacgcagac
rAbE 1 481 AAGGCGGGCCAgCAGCCTGCARgGARAAAGATtGAATTTTGGTCAGACTGGAGACGCAGAC
rAbE 2 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
rAbE 3 481 AAGGCGGGCCAGCAGCCTGCAAgAAAAAGATTGAATTTTGGTCAGACTGGAGACgCaGAC
rAbE 4 481 AAGGCGGGCCAgCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAAAC
rAbE 5 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAgACgCAGAC
550 560 570 580 590 600
B e o T O S A I I e
AAV2 VPl 541 tcagtacctgacccccagcctcectcggacagecaccagcageccecectectggtetgggaact
rAbE 1 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
rAbE 2 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
rAbE 3 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
rAbE 4 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
rAbE S 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
610 620 630 640 650 660
R [ e e
AAV2 VP1 601 aatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggcgccgacgga
rAbE 1 601 AATACGATGGCTACAGGCAGTGGCGCGCCAATGGCAGACAATAACGAGGGCGCCGACGGA
rAbE 2 601 AATACGATGGCTACAGGCAGTGGCGCGCCAATGGCAGACAATAACGAGGGCGCCGACGGA
rAbE 3 601 AATACGATGGCTACAGGCAGTGGCGCGCCAATGGCAGACAATAACGAGGGCGCCGACGGA
rAbE 4 601 AATACGATGGCTACAGGCAGTGGCGCGCCAATGGCAGACAATAACGAGGGCGCCGACGGA
rAbE 5 601 AATACGATGGCTACAGGCAGTGGCGCGCCAATGGCAGACAATAACGAGGGCGCCGACGGA
670 680 630 700 . 710 720
S L T S P o L I I [ I
AAV2 VP1 661 gtgggtaattcctcgggaaattggcattgcgattccacatggatgggecgacagagtcatce
rAbE 1 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
rAbE 2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
rAbE 3 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
rAbE 4 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
rAbE 5 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
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FIG. 4C
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AAV2 VP1 721 accaccagcacccgaacctgggccctgcccacctacaacaaccacctctacaaacaaatt

rAbE 1 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACARAATT
rAbE 2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT
rAbE 3 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT
rAbE 4 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACARAATT
rAbE 5 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACARATT
790 800 810 820 830 840
P e e T S o o I [P |
AAV2 VP1 781 tccagccaatcaggagcctcgaacgacaatcactactttggctacagcaccecttggggg
rAbE 1 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
rAbE 2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
rAbE 3 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
rAbE 4 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
rAbE 5 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
850 860 870 880 890 900
F R N [ o T I O IO P I e
AAV2 VP1 841 tattttgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatce
rAbE 1 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
rAbE 2 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
rAbE 3 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
rAbE 4 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
rAbE 5 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
910 920 930 940 950 960
B R O e I I [P I PO P I
AAV2 VP1 901 aacaacaactggggattccgacccaagagactcaacttcaagctctttaacattcaagtc
rAbE 1 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
rAbE 2 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
rAbE 3 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
rAbE 4 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
rAbE 5 901 AACAACRAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
970 980 990 1000 1010 1020
P I I PSP e EPSPAUAR [ ISP I I (O I
AAV2 VPl 961 aaagaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggtt
rAbE 1 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
rAbE 2 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
rAbE 3 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
rAbE 4 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
rAbE S 961 AAAGAGGTCACGCAgAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT

1030 1040 1050 1060 1070 1080

L S T I T O P I I
AAV2 VPl 1021 caggtgtttactgactcggagtaccagctcccgtacgtcctcecggetecggegecatcaagga

rAbE 1 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
rAbE 2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
rAbE 3 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
rAbE 4 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
rAbE 5 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
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FIG. 4D

1090 1100 1110 1120 1130 1140
S [ I e T PO [P IS
AAV2 VP1 1081 tgcctcccgecgttececcageagacgtetteatggtgecacagtatggataccteacectyg
rAbE 1 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
2 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
YAbE 3 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
4 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
rAbE 5 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
1150 1160 1170 1180 1190 1200
O L O [ I T I (O P IO I I |
AAV2 VPl 1141 aacaacgggagtcaggcagtaggacgctcttcattttactgecctggagtactttceettet
rAbE 1 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTICT
rAbE 2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
rAbE 3 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTICT
rAbE 4 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTICT
" rAbE 5 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTICT

1210 1220 1230 1240 1250 1260

B e e e O I T I
AAV2 VP1 1201 cagatgctgcgtaccggaaacaactttaccttcagctacacttttgaggacgttecttte

rAbE 1 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
rAbE 2 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACCTTCCTTTC
rAbE 3 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
rAbE 4 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
rAbE 5 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTIC
1270 1280 1290 1300 1310 1320
D e e e e [ I I T [
AAV2 VP1 1261 cacagcagctacgctcacagccagagtctggaccgtctcatgaatcctctcatcgaccag
rAbE 1 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
rAbE 2 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
rAbE 3 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
rAbE 4 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAARTCCTCTCATCGACCAG
rAbE 5 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG

1330 1340 1350 1360 1370 1380
D S O O o O A OO P I I
AAV2 VPl 1321 tacctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaaggctt
rAbE 1 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
rAbE 2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
rAbE 3 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTIT
rAbE 4 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTIT
rAbE 5 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT

1390 1400 1410 1420 1430 1440

JSR IR AU IR IR IPRUPUR I (SR IR (AP (O I
AAV2 VP1 1381 cagttttctcaggceggagcgagtgacattcgggaccagtctaggaactggecttectgga

rAbE 1 1381 CAGTTTTCTCAGGCTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
rAbE 2 1381 CAGTTTTCTCAGGCTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
rAbE 3 1381 CAGTTTTCTCAGGCTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
rAbE 4 1381 CAGTTTTCTCAGGCTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
rAbE 5 1381 CAGTTTTCTCAGGCTGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA

Sarepta Exhibit 1066, page 10



Patent Application Publication Mar. 10,2005 Sheet 10 of 39 US 2005/0053922 A1
FIG. 4E
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O S [ e o L I T I I |
ccctgttaccgceccagcagegagtatcaaagacatctgecggataacaacaacagtgaatac
CCCTGTTACCGCCAGCAGAGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGAGAGTATCAAAGACATCTGCGGATARACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGAGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGAGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGAGAGTATCAAAGACATCTGGGGATAACAACAACAGTGAATAC

1510 1520 1530 1540 1550 1560

e S e e O I I I T e
tcgtggactggagctaccaagtaccacctcaatggcagagactctctggtgaatccgggc
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCARGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC

1570 1580 1590 1600 1610 1620

e e e e [ T T I I [
ccggccatggcaagccacaaggacgatgaagaaaagttttttcecctcagageggggttcete
CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAARAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAARAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAARAGTTTTTTCCTCAGAGCGGGGTTCTC

1630 1640 1650 1660 1670 1680

T T e o O I I |
atctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtcatgattaca
ATCTTTGGGAAGCAAGGCTCAGAGAARACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAARACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAARACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAARACAAATGTGGACATTGAAAAGGTCATGATTACA

1690 1700 1710 1720 1730 1740

e e o I OO I I I I I I |
gacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatggttcectgtatcet
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCCTACGGAGCAGTATGGTTCTGTATCT

1750 1760 1770 1780 1790 1800

PO O S [ [ I I I P I I e |
accaacctccagagaggcaacagacaagcagctaccgcecagatgtcaacacacaaggegtt
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
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FIG. 4F

1810 1820 1830 1840 1850 1860

B e S I U I I e e e
AAV2 VP1 1801 cttccaggcatggtctggcaggacagagatgtgtaccttcaggggeccatctgggcaaag

rAbE 1 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
rAbE 2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
rAbE 3 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
rAbE 4 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
rAbE 5 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
1870 1880 1890 1900 1910 1920

S O P O PO o S I I I I |
AAV2 VPl 1861 attccacacacggacggacattttcacccctctceccectcatgggtggattcecggacttaaa
rAbE 1 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
rAbE 2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA
rAbE 3 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARAA
rAbE 4 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
rAbE 5 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA

1930 1940 1950 1960 1970 1380

O O e o e [ I [
AAV2 VPl 1921 caccctcctccacagattctcatcaagaacaccecggtacctgecgaatecticgaccacc
rAbE 1 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
rAbE 2 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
rAbE 3 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
rAbE 4 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
rAbE 5 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC

1990 2000 2010 2020 2030 2040

B e [ I O I I T I
AAV2 VPl 1981 ttcagtgcggcaaagtttgcttcecttcatcacacagtactccacgggacaggtcagegtg
rAbE 1 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
rAbE 2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
rAbE 3 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
rAbE 4 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
rAbE 5 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG

2050 2060 2070 2080 2090 2100

J O O S L S PO IO I TS I TSR e
AAV2 VP1 2041 gagatcgagtgggagctgcagaaggaaaacagcaaacgctggaatcccgaaattcagtac
rAbE 1 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
rAbE 2 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
rAbE 3 2041 GAgATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
rAbE 4 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
rAbE S 2041 GAgATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC

2110 2120 2130 2140 2150 2160

T S [ S T T I I I I I
AAV2 VPl 2101 acttccaactacaacaagtctgttaatgtggactttactgtggacactaatggegtgtat

rAbE 1 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTAGGGTGGACGCTAATGGCGTGTAT
rAbE 2 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTAGGYTGGACGCTAATGGCGTGTAT
rAbE 3 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACGGTGGACGCTAATGGCGTGTAT
rAbE 4 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACtGTGGACGCTAATGGCGTGTAT
rAbE 5 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACtGTGGACGCTAATGGCGTGTAT
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FIG. 4G
2170 2180 2190 2200
D 1 I I e IO I I

AAV2 VP1 2161 tcagagcctcgccccattggcaccagatacctgactcgtaa (SEQ ID NO:4)
rAbE 1 2161 TCAGAGCCtcgccccattggcaccagatacctgactcgtaa (SEQ ID NO:6)
rAbE 2 2161 TCAGAGCCtcgccccattggcaccagatacctgactcgtaa (SEQ ID NO:8)
rAbE 3 2161 TCAGAGCCtcgccccattggcaccagatacctgactegtaa (SEQ ID NO:10)
rAbE 4 2161 TCAGAGCCtcgccccattggcaccagatacctgactcgtaa (SEQ ID NO:12)
rAbE 5 2161 TCAGAGCCtcGCcCCCATTGGCACCAGATACCTGACTCGTAA (SEQ ID NO:14)
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FIG. 5A

10 20 30 40 50 60

B e Y T T I I e |

AAV2 VP1 1 MAADGYLPDWLEDTLSEGI ROWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
rAbE 1 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPEFNGLD
rAbE 2 1 MAADGYLPDWLEDTLSEGIROWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
rAbE 3 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
rAbE 4 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
rAbE 5 1 MAADGYLPDWLEDTLSEGIROWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
70 80 90 100 110 120

P O e S [ [ P I I I I

AAV2 VP1 61 KGEPVNEADAAALEHDKAYDRQOLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ
rAbE 1 61 KGEPVNEADAAALEHDKAYDROLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
YAbE 2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
rAbE 3 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFEFQ
rAbE 4 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
rAbE 5 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ

130 140 150 160 170 180

B e e e S T e I I I |
AAV2 VP1 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD

rAbE 1 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
rAbE 2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
rAbE 3 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
rAbE 4 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAN
rAbE 5 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
190 200 210 220 230 240

e e e e e I I T P

AAV2 VPl 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
rAbE 1 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
rAbE 2 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNS SGNWHCDSTWMGDRVI
rAbE 3 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
r2AbE 4 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
rAbE 5 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
250 260 270 280 290 300

P R [ T I P I I I I I e

AAV2 VPl 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRFHCHFSPRDWQRLI
rAbE 1 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHESPRDWQRLI
rAbE 2 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHESPRDWQRLI
rAbE 3 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDEFNRFHCHESPRDWQRLI
rAbE 4 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHESPRDWQRLI
rAbE 5 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI

310 320 330 340 350 360

B S e T e R T I e
AAV2 VPl 301 NNNWGFRPKRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVETDSEYQLPYVLGSAHQG

rAbE 1 301 NNNWGFRPKRLNFKLENIQVKEVTQONDGTTTIANNLTSTVQVETDSEYQLPYVLGSAHQG
rAbE 2 301 NNNWGFRPKRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVEFTDSEYQLPYVLGSAHQG
rAbE 3 301 NNNWGFRPKRLNFKLEFNIQVKEVTONDGTTTIANNLTSTVQVEFTDSEYQLPYVLGSAHQG
rAbE 4 301 NNNWGFRPKRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVETDSEYQLPYVLGSAHQG
rAbE 5 301 NNNWGFRPKRLNEKLENIQVKEVTQONDGTTTIANNLTSTVQVETDSEYQLPYVLGSAHQG
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FIG. 5B

370 380 380 400 410 420

S L e I T e I I I R |

AAV2 VP1 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNETEFSYTFEDVPE
rAbE 1 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPEF
rAbE 2 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEHQPF
rAbE 3 361 CLPPFPADVEFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPE
rAbE 4 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTESYTFEDVPE
rAbE 5 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNEFTFSYTFEDVPE
430 440 450 460 470 480

P I ISP I T T P R I T e

AAV2 VP1 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQEFSQAGASDIRDQSRNWLPG
rAbE 1 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
rAbE 2 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
rAbE 3 421 HSSYAHSQSLDRILMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
rAbE 4 421 HSSYAHSQSLDRIMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
rAbE 5 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG

490 500 510 520 530 540

P [ IS I I I (A I e
AAV2 VP1 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL

rAbE 1 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
rAbE 2 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKEFFPQSGVL
rAbE 3 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKEFEFPQSGVL
rAbE 4 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKEFPQSGVL
rAbE 5 481 PCYRQQRVSKTSGDNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKEFPQSGVL

550 560 570 580 590 600

e I I I I
AAV2 VP1 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
rAbE 1 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
rAbE 2 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLORGNRQAATADVNTQGV
rAbE 3 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLORGNRQAATADVNTQGV
rAbE 4 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
5

541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLORGNRQAATADVNTQGV

610 620 630 640 650 660

O e I I [ I P T I

AAV2 VP1 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
1 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

rAbE 3 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
4 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

5 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

670 680 690 700 710 720

P I I O I T ey [ I I
AAV2 VPl 661 FSAAKFASFITQYSTGQVSVEIEWELQOKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY

rAbE 1 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFRVDANGVY
rAbE 2 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFRVDANGVY
rAbE 3 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDEFTVDANGVY
rAbE 4 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDANGVY
rAbE 5 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDANGVY
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FIG. 6A

10 20 30 40 50 60

R I I I I I I I [ I DO e

AAV2 VP1 1 atggctgccgatggttatctteccagattggctcgaggacactctctctgaaggaataaga
S1QM5 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
S2¢cM5 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAGTAAGA
sa2a2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
s3cMz2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGC
AlCMS5 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
A3CM5 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
AlCcM2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
A2CM2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
A3CM2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAGGGAATAAGA

70 80 90 100 110 120

B O P I Y I I I I I I e
AAV2 VPl 61 cagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagageggcataaggac

slcM5 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
S2CM5 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
s2cM2 61 CAGTGGTGGAAGCTCARACCTGGCCCACCACCACCARAGCCCGCAGAGCGGCATAAGGAC
S3cM2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCARAGCCCGCAGAGCGGCATAAGGAC
AlCMS 61 CAGTGGTGGAAGCTCAGACCTGGCCCACCACCACCARAGCCCGCAGAGCGGCATAAGGAC
A3CMS 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAARAGCCCGCAGAGCGGCATAAGGAC
AlcM2 61 CAGTGGTGGGAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
A2CM2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
A3CM2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACTACCAAAGCCCGCAGAGCGGCATAAGGAC
130 140 150 160 170 180

I I I [T I R R I N I S e |
AAV2 VP1 121 gacagcaggggtcttgtgcttcctgggtacaagtaccteggacccttcaacggactcgac

S1CMS 121 GACAGCAGGGGTICTITGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
S2CcM5 121 GACAGCAGGGGTCITGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
sa2cM2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAL
S3cM2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAGCGGACTCGAC
AlcMS 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
A3CM5 121 GACAGCAGGGGTCTTGTGCTTCCTGAGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
AlcM2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
A2CM2 121 GACAGCAGGGGTCTTGCGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
A3CM2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC

190 200 210 220 230 240

. [ [P [ [T I I I I I I I I |

AAV2 VPl 181 aagggagagccggtcaacgaggcagacgccgeggcecctcgagcacgacaaagectacgac
S1icM5 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
S2CM5 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
sa2cM2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
S3CM2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
AICMS5 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
A3CM5 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACRAARGCCTACGAC
A1CM2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
A2CM2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAARGCCTACGAC
A3CM2 | 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
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FIG. 6B

250 260 270 280 290 300

P I [ I ET R IURPUPRY [ [ [P I e |
AAV2 VPl 241 cggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgcggagttt

s1icMs 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
S2CM5 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
sa2cM2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
S3cm2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
AlCM5 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
A3CMS5 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
AlCM2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCCCAAGTACAACCACGCCGACGCGGAGTTT
A2CM2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
A3CM2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTCT

310 320 330 340 350 360

O I I [ I I I I P I |
AAV2 VP1 301 caggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtcttecag

sicMb 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
sa2eMs 301 CAGGAGCGCCTTARAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
s2cM2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
S3cmM2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
AlcM5 301 CAGGAGCGCCTTARAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
A3CM5 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
AlCM2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
A2CM2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
A3CM2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG

370 380 390 400 410 420

PR [ [ I I I T D I I I I |
AAVZ2 VPl 361 gcgaaaaagagggttcttgaacctctgggectggttgaggaacctgttaagacggctcecg

silcMs 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
s2cM5 361 GCGAAAAAGAGGGTTCTITGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
S2CM2 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
S3cM2 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
AlcMS 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
A3CM5 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
AlCM2 361 GCGAAAAPAAGGGTTCTITGAACCTCTGGGCCTGGTTGAGGAACCTGTTACGACGGCTCCG
A2CcM2 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
A3CM2 361 GCGARAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG

430 440 450 460 470 480

P [ I I T I I S I T I I |
AAV2 VPl 421 ggaaaaaagaggccggtagagcactctcctgtggagccagactcctecctecgggaaccgga

S1cM5 421 GGAARAARAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
s2cM5 421 GGAARARAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
sa2cM2 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
S3cMz2 421 GGARAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
AlCM5 421 GGAARAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
A3CMS 421 GGAARAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
AlcMz2 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
A2CM2 421 GGAAARAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
A3CM2 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGACCCGga
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FIG. 6C

490 500 510 520 530 540

O O O [Py O SO P [ I T I |
AAV2 VPl 481 aaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggagacgcagac

sicMs 481 AAGGCAGGCCAGCAGCCTGCAAGAAGAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
s2cM5 481 AaGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
sa2cm2 481 AAGGCGGGCCAGCAGCCTGCAAGAARAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
S3cmM2 481 ARGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
AlCMS 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
A3CM5 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
AlCM2 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
A2CM2 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
A3CM2 481 aaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggagacgcagac

550 560 570 580 590 600

R [ [ I P I I I R I R e
AAV2 VPl 541 tcagtacctgacccccagccteteggacageccaccagcagececctetggtectgggaact

S1cM5 541 CCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
S2CcM5 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
s2cm2 541 TCAGTACCTGACCCCCAGCCTCTCGAACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
s3cM2 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACLCT
AlCM5 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
A3CM5 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCCCTGGTCTGGGAACT
AlCcM2 541 TCAGTACCTGACCCCCTGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAALT
A2CM2 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCCCTGGTCTGGGAACT
A3CM2 541 tcagtacctgacccccagectctecggacagecaccagcageccectctggtectgggaact
610 620 630 640 650 660

S TP [ I [ ICTT IPU P IS I |
ARV2 VP1 601 aatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggcgeccgacgga

s1cM5 601 AATACGATGGCTACGGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
sa2cMs 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
sa2cm2 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATATCGAGGGCGCCGACGGA
S3cm2 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
A1CM5 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATGACGAGGGCGCCGACGGA
A3CM5 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
AlCM2 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
A2CM2 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
aA3cM2 601 aatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggcgccgacgga

670 680 690 700 710 720

P IO IR P I [P I IESTUT IO IO [ I
AAV2 VPl 661 gtgggtaattcctcgggaaattggcattgcgattccacatggatgggcgacagagteatce

sicM5 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
S2CcM5 661 GTGGGTAATTCCTCGGGAARATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
s2cM2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
S3cM2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
AlCM5 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
A3CM5 661 GTGGGTAATTCCTCGGGRAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
AlCM2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
A2CM2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC
A3CM2 661 gtgggtaattcctcgggaaattggcattgcgattccacatggatgggcgacagagtcate
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FIG. 6D

730 740 750 760 770 780
B R I T ) T [ T e e |

AAV2 VP1 721 accaccagcacccgaacctgggccctgeccacctacaacaaccacctctacaaacaaatt

sicMs 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT
- s2cM5 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACARACAAATT
s2cM2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACARAATT
S3cM2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACARACRAATT
AlCMS 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACARCAACCACCTCTACAAGCAAATT
A3CMS 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAARACARAATT
AlCM2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCGCCTACAACAACCACCTCTACARACAAATT
A2CM2 721 ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT
A3CM2 721 accaCCaGCaCCCGaACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAACT
790 800 810 820 830 840

B L [ I I [ I IS (O I [ I

AAV2 VPl 781 tccagccaatcaggagcctcgaacgacaatcactactttggctacagcaccceccttggggg
S1cM5 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
S2CM5 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
S2cM2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
S3cm2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
AlCMS 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
A3CM5 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
AlCM2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
A2CM2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
A3CM2 781 TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
850 860 870 880 890 900

R e [ [ T T I I |
AAV2 VPl 841 tattttgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatc

s1cM5 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
S2CM5 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCARAGACTCATC
sa2cM2 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC
S3CcM2 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAARGACTCATC
AlCMS 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAARAGACTCATC
A3CM5 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAARGACTCATC
AlCM2 841 TATTTTGACTTCAACAGATTCCACTGCCTCTTTTCACCACGTGACTGGCARAGACTCATC
A2cm2 841 TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCARAGACTCATC
A3CM2 841 TATTTTGACTTCAACAGGTTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATC

910 920 930 940 950 960

P I N IR R IR [P IS IETrTr e IPU O IO I |
AAV2 VP1 901 aacaacaactggggattccgacccaagagactcaacttcaagctctttaacattcaagte

sicMs 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
S2CcM5 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
s2cm2 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
s3cmMz 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
A1CMS5 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
A3CM5 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
AlCM2 901 AACAACAACTGGGGACTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCARAGTC
A2CM2 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAARCTTCAAGCTCTTTAACATTCAAGTC
A3CM2 901 AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
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FIG. 6E

970 980 930 1000 1010 1020

PR [P I I TR e I P I I I e |
ARV2 VP1 0961 aaagaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggtt

sicMs 961 AARAGAGGTCACGCAGAATGACGGTACGACGACGATTGTCAATAACCTTACCAGCACGGTT
S2CM5 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
s2cM2 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGIT
s3am2 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
AlCMS 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
A3CM5 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTCCCAGCACGGTA
AlCM2 961 AAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
A2CM2 961 ARAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
A3CM2 961 ARAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
1030 1040 1050 1060 1070 1080

B e [ I I I [y I IS ITTIUN I |
aARvV2 VP1 1021 caggtgtttactgactcggagtaccagctccegtacgtcecctcecggetecggegecatcaagga

S1CM5 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
S2CM5 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTTCTCGGCTCGGCGCATCAAGGA
s2cM2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
s3cm2 1021 CAGGTGTTTACTGACTCGGTGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
AlCMS 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCAGCTCGGCGCATCAAGGA
A3CM5 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
AlCM2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
A2CM2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
A3CM2 1021 CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
1090 1100 1110 1120 1130 1140

R P I T e [ I O R D R R |
AAV2 VP1 1081 tgcctcecgecgttecccagcagacgtettcatggtgeccacagtatggatacctcaccectg

S1lcMs 1081 TGCCTCACGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
s2cM5 1081 TGCCTCCCGCCGTTCCCAGCAGACGCCTTCATGGT GCCACAGTATGGATACCTCACCCTG
sa2cM2 1081 TGCCTCCCGCCGTTCCCAGAAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
S3CcM2 1081 TGCCTCCCGCCGTTCCCAGCGGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
AlCMS 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
A3CMS 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
Alcm2 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
A2CM2 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
A3CM2 1081 TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
1150 1160 1170 1180 1190 1200

RN [ [ [P P I I I I I T e
AAvV2 VPl 1141 aacaacgggagtcaggcagtaggacgctcttcattttactgcctggagtactttecttct

S1CM5 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
S2CM5 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
s2cM2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCCTCT
S3cM2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
AlCMS 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
A3CMS 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
AlcM2 1141 AACAACGGGAGTCAGGCAGTAGGACGCACTTCATTTTACTGCCTGGAGTACTTTCCTTCT
A2CM2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
A3CM2 1141 AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
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FIG. 6F

1210 1220 1230 1240 1250 1260

O S PO St IO [ [ I P IS A e |
AAV2 VPl 1201 cagatgctgcgtaccggaaacaactttaccttcagctacacttttgaggacgttccttte

s1icMs5 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
S2CM5 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
sa2cM2 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
s3cM2 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
AlCMS 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
A3CMS5 1201 CAGATGCTGCGTACCGGAAGCAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
alcMz 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
A2CM2 1201 CAGATGCTACGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
A3CM2 1201 CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
1270 1280 1280 1300 1310 1320

B T I I B I A I I I M e
AAV2 VP1 1261 cacagcagctacgctcacagccagagtctggaccgtctcatgaatcctetcatcgaccag

slcMs 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
S2CM5 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
sa2cM2 1261 CACAGCAGCTACGCTCACAGCCAGGGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
s3cM2 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
AlCMS5 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
A3CMS - 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
AlcM2 - 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
A2CM2 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
A3CM2 1261 CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
1330 1340 1350 1360 1370 1380

R I I I T ) I T T T T
AAV2 VPl 1321 tacctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaaggctt

s1icMs 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
sS2CM5 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
sa2cM2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCARAGTGGAACCACCACGCAGTCAAGGCTT
S3cM2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
AlCMS 1321 TACCTGTATTACTTGAGCAGRACAAACACTCCARAGTGGAACCACCACGCAGTCAAGGCTT
A3CM5 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
AlCcM2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
A2CM2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
A3CM2 1321 TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAGGGCTT
1390 1400 1410 1420 1430 1440

SR O I [ T I I D I I I e |
AAV2 VP1 1381 cagttttctcaggccggagcgagtgacattcgggaccagtctaggaactggettectgga

sicM5 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
S2CM5 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
s2cM2 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGARACTGGCTTCCTGGA
S3cM2 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
AlICMS5 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
A3CM5 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
AlCM2 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
A2CM2 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
A3CM2 1381 CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
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FIG. 6G

1450 1460 1470 1480 1490 1500

SRR [N PSP AN PSRN I [P IPUO [ I I
AAV2 VP1 1441 ccctgttaccgccagcagcgagtatcaaagacatctgcggataacaacaacagtgaatac

S1cM5 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGAGGATAACAACAACAGTGAATAC
s2cM5 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
sa2cM2 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGAGGATAACAACAACAGTGAATAC
s3cMz2 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGAGGATAACARACAACAGTGAATAC
AlCM5 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
A3CMS 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGAGGATAACAACAACAGTGAATAC
AlCM2 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGAGGATAACAACAACAGTGAATAC
A2CM2 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
A3CM2 1441 CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
1510 1520 1530 1540 1550 1560

S e [ e I e I I I e I e
AAV2 VP1 1501 tcgtggactggagctaccaagtaccacctcaatggcagagactctctggtgaatccggge

s1lcMs5 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
S2CM5 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
sa2cM2 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC -
S3cM2 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
A1CMS5 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
A3CMS5 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
AlCM2 1501 TCGTGGACTGGAGTTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
A2CM2 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
A3CM2 1501 TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
1570 1580 1590 1600 1610 1620

R I N I I I I I R T I
AAV2 VP1 1561 ccggccatggcaagccacaaggacgatgaagaaaagttttttcctcagagecggggttcte

S1cM5 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
S2CM5 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAARAGTTTTTTCCTCAGAGCGGGGTTCTC
s2cM2 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAARAGTTTTTTCCTCAGAGCGGGGTTCTC
s3cM2 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
AlCM5 1561 CCGGCCATGGCAAGCCACAAGGACGATGARGARARAGTTTTTTCCTCAGAGCGGGGTTCTC
A3CMS5 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
aAloM2 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
A2CM2 1561 CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
A3CM2 1561 CCGACCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
1630 1640 1650 1660 1670 1680

P [P T Y T I I I I T T I |
AAV2 VPl 1621 atctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtcatgattaca

S1cM5 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
S2cM5 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
sa2cM2 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
S3cM2 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAARACAGATGTGGACATTGAAAAGGTCATGATTACA
A1CMS 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
A3CM5 1621 ATCCTTGGGAAGCAAGGCTCAGAGARAACAAATGTGGACATTGAAAAGGTCATGATTACA
AlCM2 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAARAGATCATGATTACA
A2cM2 1621 ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGARAAGGTCATGATTACA
A3CM2 1621 ATCTTTGGGARGCAAGGCTCAGAGAARACAAATGTGGACATTGAAARGGTCATGATTACA
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FIG. 6H

1690 1700 1710 1720 1730 1740

R I P I I I I [ R I T I |
AAV2 VPl 1681 gacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatggttctgtatcet

S1cM5 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
S2CM5 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
S2cM2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTACCT
S3cM2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
A1CMS 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
A3CM5 1681 GACGAAGAGGAAATCAGGACAACCARATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
AlCM2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
A2CM2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
A3CM2 1681 GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTGTCT
1750 1760 1770 1780 1790 1800

R I [ P [P I R I I I I e
AAV2 VPl 1741 accaacctccagagaggcaacagacaagcagctaccgcagatgtcaacacacaaggegtt

S1CcM5 1741 ACCAACCTCCAGAGGGGCAACAGGCAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
s2CcM5 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGARAGATGTCAACACTCAAGGCGTT
S2CM2 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
S3cM2 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGAGGTCAACACACAAGGCGTT
AlCM5 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGAAGATGTCAACACTCAAGGCGTT
A3CMS5 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
aAlcme 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
A2CM2 1741 ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGAAGATGTCAACACTCAAGGCGTT
A3CM2 1741 ACCARACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
1810 1820 1830 1840 1850 1860

AU [DRUIUIURN [V IS [P [V NI [DRDNPRNS (SRR I I I
AAvV2 vpl 1801 cttccaggcatggtctggcaggacagagatgtgtaccttcaggggecccatctgggcaaag

S1CMS 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
s2cM5 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCARAG
s2cM2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAARG
S3cM2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
AlCMS 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCARAG
A3CMS 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
AlCM2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCRAAAG
A2CM2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
A3CM2 1801 CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
1870 1880 1890 1900 1910 1920

S [ I I ITTUT IO IO [P TP [ I I |
AAV2 VPl 1861 attccacacacggacggacattttcacccctctccectecatgggtggattcggacttaaa

S1CM5 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
S2CM5 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA
s2cM2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA
S3cm2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA
A1CMS5 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
A3CMS 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
Al1CM2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
aA2cM2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARAA
A3CM2 1861 ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
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FIG. 61

1930 1940 1950 1960 1970 1980

R [ [P I IO I [PRrerel R I [P I I
BAAV2 VP1 1921 caccctcctccacagattctcatcaagaacacceccggtacctgcgaatceccttecgaccace

S1CM5 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
S2CcM5 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
s2cM2 1321 CACCCTCTTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
S3cM2 1821 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
AlCMS 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
A3CMS 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
AlcMz 1921 CACCCTCCTCCACAGATTCTCATCAAGAACGCCCCGGTACCTGCGRATCCTTCGACCACC
A2CM2 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
A3CM2 1921 CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
1990 2000 2010 2020 2030 2040

R [ [ I I I I R I [ O I |
AAV2 VP1 1981 ttcagtgcggcaaagtttgcttecttcatcacacagtactccacgggacaggtcagegtyg
S1CM5 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
s2cM5 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
sa2cM2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
s3cM2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
AlCM5 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
A3CM5 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTATTCCACGGGACAGGTCAGCGTG
AlCM2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
A2CM2 1981 TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
A3CM2 1981 TTCAGTGTGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG

2050 2060 2070 2080 2090 2100

B [ T [ [ T I |
AAV2 VPl 2041 gagatcgagtgggagctgcagaaggaaaacagcaaacgctggaatcccgaaattcagtac

S1cM5 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
sa2cM5 '2041 GAGATCGAGTGGGAGCTACAGAAGGAAAACAGCAAACGCTGGAATCCCGARATTCAGTAC
s2cm2 2041 GAGATCGAGTGGGTGCTGCAGAAAGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
s3cM2 2041 GAGATCGAGTGGGAGCTGCAGAAGGAARACAGCAAACGCTGGAATCCCGAAATTCAGTAC
Al1CMS 2041 GAGATCGAGTGGGAGCTACAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
A3CM5 2041 GAGATCGAGTGGAAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
AlcM2 2041 GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
A2CM2 2041 GAGATCGAGTGGGAGCTGCAGAAGGARAACAGCAAACGCTGGAATCCCGAAATTCAGTAC
A3CM2 2041 GGGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCAGGAATCCCGAAATTCAGTAC
2110 2120 2130 2140 2150 2160

I I O A O [ I I T I I e |
AAV2 VPl 2101 acttccaactacaacaagtctgttaatgtggactttactgtggacactaatggcgtgtat

S1CcM5 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
S2cM5 2101 ACTTCCAACTACARCAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
sa2cM2 2101 ACTTCCAACTACAARCAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
sS3cM2 2101 ACTTCCAACTACAARCAAGTCTGTTAATGTGGACTTTACTgtggacactaatggcgtgtat
Al1CMS 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
A3CM5 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGAGTTTACTGTGGACACTAATGGCGTGTAT
AlcM2 2101 ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
A2CM2 2101 ACTTCTAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
A3CM2 2101 ACTTCCAACTACARCAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
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FIG. 6J

2170 2180 2190 2200

B e I I T e I I I e
AAV2 VPl 2161 tcagagcctcgccccattggcaccagatacctgactcgtaatctgtaa

sicMs 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
S2CM5 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTAGTAATCTGTAA
s2cM2 2161 TCAGAGCATCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
S3cM2 2161 tcagagcctcgccccattggcaccagatacctgactcgtaatctgtaa
A1CMS5 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
A3CMS 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
Al1CM2 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
A2CM2 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
A3CM2 2161 TCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA
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FIG. 7A

10 20 30 40 50 60

S L I P I I Ry [ [ I R e

ARV2 VP1 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
sics 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
Sa2CcM5 1 MAADGYLPDWLEDTLSEq@RQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
s2cm2 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
s3cM2 1 'MAADGYLPDWLEDTLSEGISQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPﬂgGLD
AICMS 1 MAADGYLPDWLEDTLSEGIRQWWKHEPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
A3CM5 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPEYKYLGPFNGLD
AlcM2 1 MAADGYLPDWLEDTLSEGIRQWM@LKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
A2cM2 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLALPGYKYLGPEFNGLD
A3CM2 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPLPKPAERHKDDSRGLVLPGYKYLGPFNGLD

70 80 90 100 110 120

U I I I T I [ I I I I e
AAVZ VP1 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ

slcMs 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ
S2cM5 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFEQ
sa2cM2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEFQ
S3cm2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFEFQ
AlCM5 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
A3CMS5 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ
AlcM2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYPKYNHADAEFQERLKEDTSFGGNLGRAVFEQ
A2CM2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFEQ
A3CM2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAESQERLKEDTSFGGNLGRAVFEQ
130 - 140 150 160 170 180

N [ I I I I I I e I T I |

AAV2 VPl 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
S1CM5 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPANERLNFGQTGDAD
S2CM5 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
sa2cm2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
S3cmM2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
AlCMS 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
A3CMS 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQOPARKRLNFGQTGDAD
alcMz 121 AKKRVLEPLGLVEEPVTTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
A2CM2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
A3CM2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGPGKAGQQPARKRLNFGQTGDAD
190 200 210 220 230 240

B I T e I I I T U Ry v |
ARV2 VP1 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI

s1icMs 181 PVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
S2CM5 181 SVPDPOPLGQOPPARPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
sa2cm2 - 181 SVPDPQPLEQPPAAPSGLGTNTMATGSGAPMADNIEGADGVGNSSGNWHCDSTWMGDRVI
S3cM2 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
A1CMS 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADM@EGADGVGNSSGNWHCDSTWMGDRVI
A3CMS 181 SVPDPQPLGQPPAAPPGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
AlCM2 181 SVPDPLPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
A2CM2 181 SVPDPQPLGQPPAAPPGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
A3CM2 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
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FIG. 7B

250 260 270 280 290 300

PR I [ I I I TP O [ I I e |
AAV2 VPl 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI

sicMs 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
S2CM5 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWORLI
s2cM2 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRFHCHFSPRDWQRLI
S3cM2 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
AlCMS 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
A3CM5 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
AlcM2 241 TTSTRTWALPAYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRFHCLFSPRDWQRLI
A2CcM2 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
A3CM2 241 TTSTRTWALPTYNNHLYKQTSSQSGASNDNHYFGYSTPWGYFDENRFHCHFSPRDWQRLI
310 320 330 340 350 360
NP I N NN FETTY vy ey (e [ [ e |
AAV2 VPl 301 NNNWGFRPKRLNFKLEFNIQVKEVTQONDGTTTIANNLTSTVQVEFTDSEYQLPYVLGSAHQG
sicMs 301 NNNWGFRPKRLNFKLFNIQVKEVTQNDGTTTIVNNLTSTVQVFTDSEYQLPYVLGSAHQG
S2CM5 301 NNNWGFRPKRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
sa2cM2 301 NNNWGFRPKRLNFKLENIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
s3cm2 301 NNNWGFRPKRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSVYQLPYVLGSAHQG
Al1CM5 301 NNNWGFRPKRLNFKLENIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLSSAHQG
A3CMS 301 NNNWGFRPKRLNFKLFNIQVKEVTQNDGTTTIANNLPSTVQVFTDSEYQLPYVLGSAHQG
AlCcM2 301 NNNWGLRPKRLNFKLENIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
A2CM2 301 NNNWGFRPKRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
A3CM2 301 NNNWGFRPKRLNFKLENIQVKEVTQONDGTTTIANNLTSTVQVEFTDSEYQLPYVLGSAHQG
370 380 390 400 410 420

B S e [ I I I I e |
AAV2 VPl 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNEFTFSYTFEDVPEF

sicMs 361 CLTPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNFTFSYTFEDVPE
S2cMS5 361 CLPPFPADAFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQOMLRTGNNFTFSYTFEDVPE
s2cM2 361 CLPPFPEDVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNFTFSYTFEDVPF
S3CcM2 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPE
AlCMS 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTEFSYTFEDVPE
A3CM5 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTes FTFSYTFEDVPF
AlCM2 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGﬂ@SFYCLEYFPSQMLRTGNNFTFSYTFEDVPF
A2CM2 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTEFSYTFEDVPE
A3CM2 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPF

430 440 450 460 470 480

S T T e e e L I I I e
AAV2 VPl 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTINTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG

S1CM5 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTINTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
S2CM5 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
sa2c2 421 HSSYAHSQGLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
S3cM2 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
AlCM5 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRINTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
A3CMS 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
AlCM2 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDOSRNWLPG
A2CM2 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
A3CM2 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSGLQFSQAGASDIRDQSRNWLPG
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FIG. 7C

490 500 510 520 530 540

B P e L I I [ I [ I I
AAV2 VPl 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL

S1CM5 481 PCYRQQRVSKTSEDNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
S2CM5 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
s2CM2 481 PCYRQQRVSKTSEDNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
s3cM2 481 PCYRQQRVSKTSEDNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
A1CM5 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
A3CM5 481 PCYRQQORVSKTSEDNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
AlCM2 481 PCYRQQRVSKTSEDNNNSEYSWTGVTKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
A2CM2 481 PCYRQQORVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
A3CM2 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPTMASHKDDEEKFFPQSGVL

550 560 570 580 590 600

BN [ R T Y MM RS IO I I (R I

AAV2 VPl 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
s1cM5 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
S2cM5 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATEDVNTQGV
sa2cM2 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVPTNLQRGNRQAATADVNTQGV
S3cm2 541 IFGKQGSEKﬂ@VDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATNEVNTQGV
A1CM5 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATEDVNTQGV
A3CM5 541 ILGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQORGNRQAATADVNTQGV
AlCM2 541 I FGKQGSEKTNVDIEI TDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
aA2CM2 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATEDVNTQGV
A3CM2 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLORGNRQAATADVNTQGV

610 620 630 640 650 660

BN Y I T I I RN INTaey IOy [ [P I
AAVZ VPl 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

S1cM5 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
S2CcM5 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
sa2cM2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPLPQILIKNTPVPANPSTT
S3cM2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPIMGGFGLKHPPPQILIKNTPVPANPSTT
Al1CMS5 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
A3CM5 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
AlcM2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPIMGGFGLKHPPPQILIKNAPVPANPSTT
A2CM2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
A3CM2 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT

670 680 690 700 710 720

[ I I I I I O e I I T

AAV2 VPl 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY
SsicM5 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVY
sa2cM5 661 FSARKFASFITQYSTGQVSVEIEWELOKENSKRWNPEIQYTSNYNKSVNVDFTVDINGVY
sa2cM2 661 FSARKFASFITQYSTGQVSVEIEWVLOKENSKRWNPEIQYTSNYNKSVNVDEFTVDTNGVY
S3cM2 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDEFTVDTINGVY
A1CMS 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVY
A3CMS5 661 FSAAKFASFITQYSTGQVSVEIEM@LQKENSKRWNPEIQYTSNYNKSVNWEFTVDTNGVY
aicoe2 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVY
A2CM2 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDEFTVDTNGVY
A3CM2 661 FSVAKFASFITQYSTGQVSVGIEWELQKENSKRRNPEIQYTSNYNKSVNVDFTVDTNGVY
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FIG. 8A

10 20 30 40 50 60

B e T I T T T I [ P P |

AAV2 VP1 1 atggctgceccgatggttatcttceccagattggetegaggacactctectctgaaggaataaga
D14H1 1 ATGGCCGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
D14L3 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
P1BH1 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
P1BH2 1 ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGA
70 80 90 100 110 120

PO IS O I I [ [ I I [P I

AAV2 VP1 61 cagtggtggaagctcaaacctggcccaccaccaccaaagcccgcagageggcataaggac
D14H1 61 CAGTGGTTGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGAC
D14L3 61 CAGTGGTTGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATARAGGAC
P1BH1 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGALC
P1BH2 61 CAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATARGGAC
130 140 150 160 170 180

S I I L I P I P I |
AAV2 VPl 121 gacagcaggggtcttgtgcttcctgggtacaagtacctcggaccettcaacggactegac

D14H1 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
D14L3 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCARCGGACTCGAC
P1BH1 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
P1BH2 121 GACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACCCTTCAACGGACTCGAC
190 200 210 220 230 240

P [P I IR IPOae ISP ISP IR I I e e

AAV2 VPl 181 aagggagagccggtcaacgaggcagacgccgcggecctegagcacgacaaagectacgac
D14H1 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAL
D14L3 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
P1BH1 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACARAGCCTACGAC
P1BH2 181 AAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGAC
250 260 270 280 290 300

B T e O T L P [ TP P I

AAV2 VPl 241 cggcagctcgacagcggagacaacccgtacctcaagtacaaccacgccgacgecggagttt
D14H1 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
D14L3 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
P1BH1 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
P1BH2 241 CGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTT
310 320 330 340 350 360

P I I I ISP I I I I [T I e |

AAV2 VPl 301 caggagcgccttaaagaagatacgtcttttgggggcaacctcggacgagcagtcttecag
D14H1 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
D14L3 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
P1BH1 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCGGACGAGCAGTCTTCCAG
P1BH2 301 CAGGAGCGCCTTAAAGAAGATACGTCTTTTAGGGGCAACCTCGGACGAGCAGTCTTCCAG
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FIG. 8B

370 380 390 400 410 420

e e e e T e P [P I I I |

AAV2 VPl 361 gcgaaaaagagggttcttgaacctctgggecctggttgaggaacctgttaagacggctcecg
D14H1 361 GCGARRAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
D14L3 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTARGACGGCTCCG
P1BH1 361 GCGAAAAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
P1BH2 361 GCGAARRAAGAGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCG
430 440 450 460 470 480

B Y I I I I I I [ I I I

AAV2 VP1 421 ggaaaaaagaggccggtagagcactctcctgtggagccagactcctcectecgggaacegga
D14H1 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
D14L3 421 GGARAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
P1BH1 421 GGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGA
P1BH2 421 GGAAAARAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGACTCCTCCTCGGGARACCGGA
490 500 510 520 530 540

’ PR PN IETITTR UMM (O I IS ISl IPTRRS IPT O I I
AAV2 VPl 481 aaggcgggccagcagcctgcaagaaaaagattgaattttggtcagactggagacgcagac
D14H1 481 AAGGCGGGCCAGCAGCCTGCAAGRAARAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
D1413 481 AAGGCGGGCCAGCAGCCTGCAAGAAARAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
PlBH1 481 AAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
P1BH2 481 AAGGCGGGCCAGCAGCCTGCAAGRAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGAC
550 560 570 580 590 600

[P I I I T I T Ity [P IETTTP e P |

AAV2 VP1 541 tcagtacctgacccccagcctctcecggacagccaccagcagcecccctetggtetgggaact
D14H1 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
D14L3 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCTCCCACTGGTCTGGGAACT
P1BH1 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
P1BH2 541 TCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACT
610 620 630 640 650 660

D I I P I O I T I T

AAV2 VP1 601 aatacgatggctacaggcagtggcgcaccaatggcagacaataacgagggcgccgacgga
D14H1 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
D14L3 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
P1BH1 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
P1BH2 601 AATACGATGGCTACAGGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGA
670 680 690 700 710 720

B e e Y e I [ R P I I I
AAV2 VP1 661 gtgggtaattcctcgggaaattggcattgcgattccacatggatgggcgacagagtcatce

D14H1 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGGTTCCACATGGATGGGCGATAGAGTCATC
D14L3 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGGTTCCACATGGATGGGCGACAGAGTCATC
P1BH1 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGGTGGGCGACAGAGTCATC
P1BH2 661 GTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCACATGGATGGGCGACAGAGTCATC

Sarepta Exhibit 1066, page 32



Patent Application Publication Mar. 10,2005 Sheet 32 of 39 US 2005/0053922 A1
FIG. 8C
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PR [P I [T Uy I [ I I I I
accaccagcacccgaacctgggccectgeccacctacaacaaccacctctacaaacaaatt
ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACARAACARAATT
ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACARACAAATT -
ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATT
ACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTCTACGAACAAATT

790 800 810 820 830 840
B T e T e e L [ [ T |
teccagccaatcaggagectcgaacgacaatcactactttggctacagcaccecttggggg
TTCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
TTCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG
TCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGG

850 860 870 880 890 900
B I e [ I e IETCIT I [ I T |
tattttgacttcaacagattccactgccacttttcaccacgtgactggcaaagactcatce
TACTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGgCARAGACTCATC
TACTTTGACTTCRACAGATTCCACTGCCACTTTTCACCACGTGACTGgCAARAGACTCATC
TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCARAGACTCATC
TATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAARAGACTCATC

910 920 930 940 950 960
B o I [ I T I I I I T e |
aacaacaactggggattccgacccaagagactcaacttcaagctctttaacattcaagtc
AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
AACAACAACTGGGGATTCCGACCCARGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
AACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTC
ARCAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGCCCTTTAACATTCAAGTC

970 980 990 1000 1010 1020
B P S P U [ I I I I |
aaagaggtcacgcagaatgacggtacgacgacgattgccaataaccttaccagcacggtt
ARAGAGTTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
ARAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
ADAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT
AAAGGGGTCACGCAGAATGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTT

1030 1040 1050 1060 1070 1080
P I P I T P P e e I I
caggtgtttactgactcggagtaccagctcecegtacgtceccteggeteggegecatcaagga
CAGGTGTTTACTGACTCGGAGTACCCGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
CAGGTGTTTACTGACTCGGAGTACCCGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
CAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAGGA
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FIG. 8D
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tgccteecgeegtteccagcagacgtcecttcatggtgeccacagtatggatacctcaceectg
TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGTTACCTCACCCTG
TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGTTACCTCACCCTG
TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG
TGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGGATACCTCACCCTG

1150 1160 1170 1180 1190 1200
A R [ ) O I I I [ I I e |
aacaacgggagtcaggcagtaggacgctcttcattttactgcctggagtactttecttet
AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT
AACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGTACTTTCCTTCT

1210 1220 1230 1240 1250 1260
B e L e [ e I [ I [ P
cagatgctgcgtaccggaaacaactttaccttcagctacacttttgaggacgttecttte
CAGATGCTGCGTACCGAAAACGACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
CAGATGCTGCGTACCGAAAACGACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
CGGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC
CAGATGCTGCGTACCGGAAACAACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTC

1270 1280 1290 1300 1310 1320
T I I e I I [ IPTOR [PO I I I |
cacagcagctacgctcacagccagagtctggaccgtctcatgaatcecctetcatcgaccag
CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATTGACCAG
CACAGCAGCTACGCTCACAGCCaGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG
CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCACATCGACCAG
CACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG

1330 1340 1350 1360 1370 1380
B I Y U I [ e [ I I I |
tacctgtattacttgagcagaacaaacactccaagtggaaccaccacgcagtcaaggctt
TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
TACCTGTATTACTTGAGCAGAACARACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
TACCTGTATTACTTGAGCAGAACAARACACTCCAAGTGGAACCACCACGCAGTCAAGGCTT
TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACTACCACGCAGTCAAGGCTT

1390 1400 1410 1420 1430 1440
B I [ IR I I TS [ I I T P |
cagttttctcaggccggagcgagtgacattcgggaccagtctaggaactggecttectgga
CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
CAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGA
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FIG. 8E
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ccctgttaccgeccagcagcgagtatcaaagacatctgeggataacaacaacagtgaatac
CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAARCAACARCAGTGAATAC
CCCTGTTACCGCCAGCAGCGAGTATCRAAGACATCTGCGGATAACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGCGAGTATCAAAGACATCTGCGGATAACAACAACAGTGAATAC
CCCTGTTACCGCCAGCAGCGAGTATCARAGACATCTGCGGATAACAACAACAGTGAATAC

1510 1520 1530 1540 1550 1560
S I [ I I I T Ry e N R (e
tcgtggactggagctaccaagtaccacctcaatggcagagactctectggtgaatceceggge
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC
TCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGC

1570 1580 1590 1600 1610 1620
R I T I I R I T P I I e
ccggccatggcaagccacaaggacgatgaagaaaagttttttecctcagageggggttete
CCGGCCATGGCAAGCCACAAGGACGATGAAGARAAGT TTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC
CCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTTCTC

1630 1640 1650 1660 1670 1680
NP [N I [ T IERt P IO [P [ I e
atctttgggaagcaaggctcagagaaaacaaatgtggacattgaaaaggtcatgattaca
ATCTTTGGGAAGCAAGGCTCAGAGAARACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACA
ATCTTTGGGAAGCAAGGCTCAGAGAAAACAGATGTGGACATTGAAAAGGTCATGATTACA

1690 1700 1710 1720 1730 1740
S P I I I I [ Y T I T
gacgaagaggaaatcaggacaaccaatcccgtggctacggagcagtatggttctgtatct
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGARAATCAGGACAACCGATCCCGTGGCTACGGAGCAGTATGGTTCAGTATCT
GACGAAGAGGARAATCAGGACARCCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT
GACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCT

1750 1760 1770 1780 1790 1800
S L Y I I I I (RO ARt PPN ISP IO |
accaacctccagagaggcaacagacaagcagctaccgcagatgtcaacacacaaggegtt
ACCAACCTCCAGAGAGGCAACAGACAAGCGGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCGACACACAAGGCGTT
ACCACCCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
ACCAACCTCCAGAGAGGCAACAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTT
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FIG. 8F
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cttccaggcatggtctggcaggacagagatgtgtaccttcaggggeccatctgggcaaag
CTTCCAGGCATGGTCTGGCARAGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAG
CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCARAG
CTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCARAG
CTTCCAGGCATGATCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCARAG

1870 1880 1890 1900 1910 1920
R [ [ [ [ I T I [ I I I
attccacacacggacggacattttcaccectcectecectcatgggtggattcggacttaaa
ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARA
ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA
ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTARAA
ATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAA

1930 1940 1950 1960 1970 1980
e [ [ I I [P ISP IR R [P I |
caccctcctecacagattctcatcaagaacaccccggtacctgegaatecttegaccace
CACCCCCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC
CACCCTCCTCCACAGATTCTCATCARGAACACCCCGGTACCTGCGAATCCTTCGACCACC
CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCGCC
CACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTCGACCACC

1990 2000 2010 2020 2030 2040
D P e o I I I I [ I R I |
ttcagtgcggcaaagtttgcttecttcatcacacagtactccacgggacaggtcagegtyg
TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG
TTCAGTGCGGCAAAGTTTGCTTCCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTG

2050 2060 2070 2080 2090 2100
B S T I T I T I I U I Iy
gagatcgagtgggagctgcagaaggaaaacagcaaacgctggaatcccgaaattcagtac
GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCARACGCTGGAATCCCGARATTCAGTAC
GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCARACGCTGGAATCCCGARATTCAGTAC
GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGARATTCAGTAC
GAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTAC

2110 2120 2130 2140 2150 2160
R P I T A I I I (PP [ [ I
acttccaactacaacaagtctgttaatgtggactttactgtggacactaatggcgtgtat
ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
ACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGTGTAT
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FIG. 8G
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tcagagcctcgecccattggcaccagatacctgactcgtaatctgtaa
Tcagagcctcgceeccattggcaccagatacctgactcgtaatctgtaa
TcAGAGCctCGCCCCATTGGcaccagatacctgactegtaatctgtaa
TCAGAGCctcgccccattggcaccagatacctgactcgtaatctgtaa
TCAGAGCctcgccccattggcaccagatacctgactcgtaatctgtaa
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(SEQ ID NO:4)
(SEQ ID NO:34)
(SEQ ID NO:36)
(SEQ ID NO:38)
(SEQ ID NO:40)
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FIG. 9A

10 20 30 40 50 60

S I [P S I T (T [ I I I D

AAV2 VP1 1 MAADGYLPDWLEDTLSEGIROWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLD
D14H1 1 MAADGYLPDWLEDTLSEGIRQWLKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPEFNGLD
D14L3 1 MAADGYLPDWLEDTLSEGIROQWLKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
P1BH1 1 MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
P1BH2 1 MAADGYLPDWLEDTLSEGIROQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPENGLD
70 80 90 100 110 120

I I TP I T I I I I [ I I |

AAV2 VPl 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
D14H1 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEFQ
D14L3 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEQ
P1BH1 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQ
P1BH2 61 KGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFRGNLGRAVFQ
130 140 150 160 170 180

P I I TR T I [PTRIPy [UOpipny R [P I R |

AAV2 VP1 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
D14H1 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
D14L3 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
P1BH1 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
P1BH2 121 AKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQQPARKRLNFGQTGDAD
190 200 210 220 230 240

N [P TP (OO [ PSP IPT I IP IT I R |

AAV2 VP1 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
D14H1 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCGSTWMGDRVI
D14L3 181 SVPDPQPLGQPPAAH@GLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCGSTWMGDRVI
P1BH1 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTW@GDRVI
P1BH2 181 SVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVI
250 260 270 280 290 300

L [P TP I I Y C O RO I I

AAV2 VP1 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
D14H1 241 TTSTRTWALPTYNNHLYKQIFSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
D14L3 241 TTSTRTWALPTYNNHLYKQIFSQSGASNDNHYFGYSTPWGYFDFNRFHCHEFSPRDWQRLI
P1BH1 241 TTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRFHCHFSPRDWQRLI
P1BH2 241 TTSTRTWALPTYNNHLﬂEQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI
310 320 330 340 350 360

NSNS TR DU I R T I R I I T e |

AAV2 VP1 301 NNNWGFRPKRLNFKLFNIQVKEVTONDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQG
D14H1 301 NNNWGFRPKRLNFKLENIQVKEFTQNDGTTTIANNLTSTVQVETDSEYPLPYVLGSAHQG
D14L3 301 NNNWGFRPKRLNFKLFNIQVKEVTONDGTTTIANNLTSTVQVFTDSEYPLPYVLGSAHQG
P1BH1 301 NNNWGFRPKRLNFKLENIQVKEVTQNDGTTTIANNLTSTVQVEFTDSEYQLPYVLGSAHQG
P1BH2 301 NNNWGFRPKRLNFKPENIQVKGVTONDGTTTIANNLTSTVQVETDSEYQLPYVLGSAHQG
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FIG. 9B
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AAV2 VP1 361 CLPPFPADVFMVPQYGYLTINNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPF
D14H1 361 CLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTEN:bTFSYTFEDVPF
D14L3 361 CLPPFPADVEMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTENDFTFSYTFEDVPE
P1BH1 36l CLPPFPADVHMVPQYGYLTLNNGSQAVGRSSFYCLEYFPﬂEMLRT FTFSYTFEDVPF
P1BH2 361 CLPPFPADVEMVPQYGYLTLNNGSQAVGRSSEFYCLEYFPSQMLRT FTFSYTFEDVPF
430 440 450 460 470 480

R I P I R [ I I I I I

AAV2 VPl 421 HSSYAHSQSLDRIMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
D14H1 421 HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
D14L3 421 HSSYAHSQSLDRIMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDOSRNWLPG
P1BH1 421 HSSYAHSQSLDRIMNPHIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWLPG
P1BH2 421 HSSYAHSQSLDRIMNPLIDQYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDQSRNWLPG
490 500 510 520 530 540

R [P [ I I S T P P ITTrIsy e IO |

AAV2 VP1 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
D14H1 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
D14I1.3 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
P1BH1 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
P1BH2 481 PCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGVL
550 560 570 580 590 600

R [ TP IR [t [ R I P T e

AAV2 VPl 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
D14H1 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
D14L3 541 IFGKQGSEKTNVDIEKVMITDEEEIRTﬂ@PVATEQYGSVSTNLQRGNRQAATADWETQGV
P1BH1 541 IFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTTLOQRGNRQAATADVNTQGV
P1BH2 541 IFGKQGSEKﬂgVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQRGNRQAATADVNTQGV
610 620 630 640 650 660

B Y P T [ I I I T I |

AAV2 VPl 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPILMGGFGLKHPPPQILIKNTPVPANPSTT
D14H1 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
D14L3 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
P1BH1 601 LPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPIMGGFGLKHPPPQILIKNTPVPANPSTA
P1BH2 601 LPGQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
670 680 690 700 710 720

O IO P ST [P T I RO T IFOiver e (e

AAV2 VPl 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY
D14H1 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY
D14L3 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY
P1BH1 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDTNGVY
P1BH2 661 FSAAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQYTSNYNKSVNVDETVDINGVY
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MUTANT ADENO-ASSOCIATED VIRUS VIRIONS
AND METHODS OF USE THEREOF

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 60/484,111 filed Jun. 30, 2003,
which application is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention is in the field of recombinant
adeno-associated virus vectors.

BACKGROUND OF THE INVENTION

[0003] Adeno-associated virus (AAV) is a 4.7 kb, single
stranded DNA virus that contains two open reading frames,
rep and cap. The first gene encodes four proteins necessary
for genome replication (Rep78, Rep68, Rep52, and Rep40),
and the second expresses three structural proteins (VP1-3)
that assemble to form the viral capsid. As its name implies,
AAV is dependent upon the presence of a helper virus, such
as an adenovirus or herpesvirus, for active replication. In the
absence of a helper it establishes a latent state in which its
genome is maintained episomally or integrated into the host
chromosome. To date, eight homologous primate AAV sero-
types and numerous non-human primate types have been
identified, although AAV2 is the best characterized as a gene
delivery vehicle.

[0004] 1In 1989 a recombinant AAV2 (rAAV) gene deliv-
ery vector system was first generated, and vectors based on
AAV have subsequently been shown to offer numerous
major advantages. First, vectors based on AAV are
extremely safe, since wild-type AAV is nonpathogenic and
has no etiologic association with any known diseases. In
addition, AAV offers the capability for highly efficient gene
delivery and sustained transgene expression in numerous
tissues, including muscle, lung, and brain. Furthermore,
AAV has enjoyed success in human clinical trials.

[0005] Despite this success, vector design problems
remain. One major concern is the fact that much of the
human population has already been exposed to various AAV
serotypes, and as a result a significant fraction of any future
patient population harbors neutralizing antibodies (NABSs)
that block gene delivery. Additional problems with rAAV
vectors include limited tissue dispersion for serotypes that
employ heparan sulfate as a receptor (AAV2 and 3), poor
infection of non-permissive cell types such as stem cells,
challenges with high efficiency targeting of gene delivery to
selected cell populations, and a finite transgene carrying
capacity.

[0006] There is a need in the art for improved AAV vectors
that evade neutralization by serum antibodies to AAV. The
present invention addresses this need.

[0007] Literature

[0008] Halbert et al. (2000)J Virol 74, 1524-32; Blacklow
et al. (1971) Am J Epidemiol 94, 359-66. (1971); Erles et al.
(1999) J Med Virol 59, 406-11; Moskalenko et al. (2000) J
Virol 74, 1761-6; Wobus et al. (2000) J Virol 74, 9281-93;
Sun et al. (2003) Gene Ther 10, 964-76; Nguyen (2001)
Neuroreport 12, 1961-4; Davidson et al. (2000) Proc Natl
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Acad Sci USA 97, 3428-32; Rabinowitz et al. (1999) Virol-
ogy 265, 274-85; Opie et al. (2003) J Virol 77, 6995-7006;
U.S. Pat. No. 6,596,539; U.S. Pat. No. 6,733,757; U.S. Pat.
No. 6,710,036; U.S. Pat. No. 6,703,237.

SUMMARY OF THE INVENTION

[0009] The present invention provides mutant adeno-as-
sociated virus (AAV) that exhibit altered capsid properties,
e.g., reduced binding to neutralizing antibodies in serum
and/or altered heparin binding and/or altered infectivity of
particular cell types. The present invention further provides
libraries of mutant AAV comprising one or more mutations
in a capsid gene. The present invention further provides
methods of generating the mutant AAV and mutant AAV
libraries, and compositions comprising the mutant AAV. The
present invention further provides recombinant AAV
(rAAV) virions that comprise a mutant capsid protein. The
present invention further provides nucleic acids comprising
nucleotide sequences that encode mutant capsid proteins,
and host cells comprising the nucleic acids. The present
invention further provides methods of delivering a gene
product to an individual, the methods generally involving
administering an effective amount of a subject rAAV virion
to an individual in need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1a and 1b depict heparin binding character-
istics of wild type AAV versus the viral library.

[0011] FIGS. 24 and 2b depict generation of antibody
neutralization escape mutants.

[0012] FIG. 2a depicts the fraction rescued (normalized
with respect to zero stringency) at various stringencies
(given as the ratio of neutralizing antibody titer (reciprocal
dilution) divided by the actual dilution). FIG. 2b depicts the
percent knockdown (reduction) in infection by rabbit anti-
sera for wild type AAV, AAV library, and individual AAV
escape mutants.

[0013] FIGS. 3A-C depict the nucleotide sequence of
wild-type AAV cap (SEQ ID NO:1) aligned with nucleotide
sequences of cap of the neutralizing antibody escape
mutants AbE2 (SEQ ID NO:2) and AbE L (SEQ ID NO:3).
Boxes indicate changes in nucleotide sequence compared to
wild-type.

[0014] FIGS. 4A-G depict an alignment of VP-1-encoding
nucleotide sequences of wild-type AAV-2 VP1 (SEQ ID
NO:4), and exemplary neutralizing antibody evasion
mutants.

[0015] FIGS. 5A-C depict an alignment of VP-1-encoding
amino acid sequences of wild-type AAV-2 VP1 (SEQ ID
NO:5), and exemplary neutralizing antibody evasion
mutants.

[0016] FIGS. 6A-J depict an alignment of VP-1-encoding
nucleotide sequences of wild-type AAV-2 VP1, and exem-
plary neutralizing antibody evasion mutants.

[0017] FIGS. 7A-D depict an alignment of VP-1-encoding
amino acid sequences of wild-type AAV-2 VP1, and exem-
plary neutralizing antibody evasion mutants.

[0018] FIGS. 8A-G depict an alignment of VP-1-encoding
nucleotide sequences of wild-type AAV-2 VP1, and exem-
plary heparin binding mutants.
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[0019] FIGS. 9A-C depict an alignment of VP-1-encoding
amino acid sequences of wild-type AAV-2 VP1, and exem-
plary heparin binding mutants.

DEFINITIONS

[0020] A “vector” as used herein refers to a macromol-
ecule or association of macromolecules that comprises or
associates with a polynucleotide and which can be used to
mediate delivery of the polynucleotide to a cell. Illustrative
vectors include, for example, plasmids, viral vectors, lipo-
somes, and other gene delivery vehicles.

[0021] “AAV” is an abbreviation for adeno-associated
virus, and may be used to refer to the virus itself or
derivatives thereof. The term covers all subtypes and both
naturally occurring and recombinant forms, except where
required otherwise. The abbreviation “rAAV” refers to
recombinant adeno-associated virus, also referred to as a
recombinant AAV vector (or “rAAV vector”). The term
“AAV” includes AAV type 1 (AAV-1), AAV type 2 (AAV-2),
AAV type 3 (AAV-3), AAV type 4 (AAV-4), AAV type 5
(AAV-5), AAV type 6 (AAV-6), AAV type 7 (AAV-7), AAV
type 8 (AAV-8), avian AAV, bovine AAV, canine AAV,
equine AAV, primate AAV, non-primate AAV, and ovine
AAV. “Primate AAV” refers to AAV that infect primates,
“non-primate AAV” refers to AAV that infect non-primate
mammals, “bovine AAV” refers to AAV that infect bovine
mammals, etc.

[0022] An “rAAV vector” as used herein refers to an AAV
vector comprising a polynucleotide sequence not of AAV
origin (i.e., a polynucleotide heterologous to AAV), typically
a sequence of interest for the genetic transformation of a
cell. In general, the heterologous polynucleotide is flanked
by at least one, and generally by two AAV inverted terminal
repeat sequences (ITRs). The term rAAV vector encom-
passes both rAAV vector particles and rAAV vector plas-
mids.

[0023] An “AAV virus” or “AAV viral particle” or “rAAV
vector particle” refers to a viral particle composed of at least
one AAV capsid protein (typically by all of the capsid
proteins of a wild-type AAV) and an encapsidated poly-
nucleotide rAAV vector. If the particle comprises a heter-
ologous polynucleotide (i.e. a polynucleotide other than a
wild-type AAV genome such as a transgene to be delivered
to a mammalian cell), it is typically referred to as an “rAAV
vector particle” or simply an “rAAV vector”. Thus, produc-
tion of rAAV particle necessarily includes production of
rAAV vector, as such a vector is contained within an rAAV
particle.

[0024] “Packaging” refers to a series of intracellular
events that result in the assembly and encapsidation of an
AAV particle.

[0025] AAV “rep” and “cap” genes refer to polynucleotide
sequences encoding replication and encapsidation proteins
of adeno-associated virus. AAV rep and cap are referred to
herein as AAV “packaging genes.”

[0026] A “helper virus” for AAV refers to a virus that
allows AAV (e.g. wild-type AAV) to be replicated and
packaged by a mammalian cell. A variety of such helper
viruses for AAV are known in the art, including adenovi-
ruses, herpesviruses and poxviruses such as vaccinia. The
adenoviruses encompass a number of different subgroups,
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although Adenovirus type 5 of subgroup C is most com-
monly used. Numerous adenoviruses of human, non-human
mammalian and avian origin are known and available from
depositories such as the ATCC. Viruses of the herpes family
include, for example, herpes simplex viruses (HSV) and
Epstein-Barr viruses (EBV), as well as cytomegaloviruses
(CMV) and pseudorabies viruses (PRV); which are also
available from depositories such as ATCC.

[0027] “Helper virus function(s)” refers to function(s)
encoded in a helper virus genome which allow AAV repli-
cation and packaging (in conjunction with other require-
ments for replication and packaging described herein). As
described herein, “helper virus function” may be provided in
a number of ways, including by providing helper virus or
providing, for example, polynucleotide sequences encoding
the requisite function(s) to a producer cell in trans.

[0028] An “infectious” virus or viral particle is one that
comprises a polynucleotide component which it is capable
of delivering into a cell for which the viral species is trophic.
The term does not necessarily imply any replication capacity
of the virus. Assays for counting infectious viral particles are
described elsewhere in this disclosure and in the art. Viral
infectivity can be expressed as the P:I ratio, or the ratio of
total viral particles to infective viral particles.

[0029] A “replication-competent” virus (e.g. a replication-
competent AAV) refers to a phenotypically wild-type virus
that is infectious, and is also capable of being replicated in
an infected cell (i.e. in the presence of a helper virus or
helper virus functions). In the case of AAV, replication
competence generally requires the presence of functional
AAV packaging genes. In general, rAAV vectors as
described herein are replication-incompetent in mammalian
cells (especially in human cells) by virtue of the lack of one
or more AAV packaging genes. Typically, such rAAV vec-
tors lack any AAV packaging gene sequences in order to
minimize the possibility that replication competent AAV are
generated by recombination between AAV packaging genes
and an incoming rAAV vector. In many embodiments, rAAV
vector preparations as described herein are those which
contain few if any replication competent AAV (rcAAY, also
referred to as RCA) (e.g., less than about 1 rcAAV per 107
rAAV particles, less than about 1 rcAAV per 10* rAAV
particles, less than about 1 rcAAV per 10% rAAV particles,
less than about 1 rcAAV per 10> rAAV particles; or no
rcAAV).

[0030] The term “polynucleotide” refers to a polymeric
form of nucleotides of any length, including deoxyribo-
nucleotides or ribonucleotides, or analogs thereof. A poly-
nucleotide may comprise modified nucleotides, such as
methylated nucleotides and nucleotide analogs, and may be
interrupted by non-nucleotide components. If present, modi-
fications to the nucleotide structure may be imparted before
or after assembly of the polymer. The term polynucleotide,
as used herein, refers interchangeably to double- and single-
stranded molecules. Unless otherwise specified or required,
any embodiment of the invention described herein that is a
polynucleotide encompasses both the double-stranded form
and each of two complementary single-stranded forms
known or predicted to make up the double-stranded form.

[0031] Nucleic acid hybridization reactions can be per-
formed under conditions of different “stringency”. Condi-
tions that increase stringency of a hybridization reaction of
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widely known and published in the art. See, e.g., Sambrook
et al. Molecular Cloning, A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y., 1989, herein incorporated by reference. For example,
see page 7.52 of Sambrook et al. Examples of relevant
conditions include (in order of increasing stringency): incu-
bation temperatures of 25° C., 37° C., 50° C. and 68° C.;
buffer concentrations of 10xSSC, 6xSSC, 1xSSC, 0.1xSSC
(where 1xSSC is 0.15 M NaCl and 15 mM citrate buffer) and
their equivalents using other buffer systems; formamide
concentrations of 0%, 25%, 50%, and 75%; incubation times
from 5 minutes to 24 hours; 1, 2, or more washing steps;
wash incubation times of 1, 2, or 15 minutes; and wash
solutions of 6xSSC, 1xSSC, 0.1xSSC, or deionized water.
An example of stringent hybridization conditions is hybrid-
ization at 50° C. or higher and 0.1xSSC (15 mM sodium
chloride/1.5 mM sodium citrate). Another example of strin-
gent hybridization conditions is overnight incubation at 42°
C. in a solution: 50% formamide, 1xSSC (150 mM NaCl, 15
mM sodium citrate), 50 mM sodium phosphate (pH 7.6), 5x
Denhardt’s solution, 10% dextran sulfate, and 20 ug/ml
denatured, sheared salmon sperm DNA, followed by wash-
ing the filters in 0.1xSSC at about 65° C. As another
example, stringent hybridization conditions comprise: pre-
hybridization for 8 hours to overnight at 65° C. in a solution
comprising 6x single strength citrate (SSC) (1xSSC is 0.15
M NaCl, 0.015 M Na citrate; pH 7.0), 5x Denhardt’s
solution, 0.05% sodium pyrophosphate and 100 ug/ml her-
ring sperm DNA; hybridization for 18-20 hours at 65° C. in
a solution containing 6xSSC, 1x Denhardt’s solution, 100
ug/ml yeast tRNA and 0.05% sodium pyrophosphate; and
washing of filters at 65° C. for 1 h in a solution containing
0.2xSSC and 0.1% SDS (sodium dodecyl sulfate).

[0032] Stringent hybridization conditions are hybridiza-
tion conditions that are at least as stringent as the above
representative conditions. Other stringent hybridization con-
ditions are known in the art and may also be employed to
identify nucleic acids of this particular embodiment of the
invention.

[0033] «T_” is the temperature in degrees Celsius at which
50% of a polynucleotide duplex made of complementary
strands hydrogen bonded in anti-parallel direction by Wat-
son-Crick base pairing dissociates into single strands under
conditions of the experiment. T,, may be predicted accord-
ing to a standard formula, such as:

T,,=81.5+16.6
F)-600/L

log[X']+0.41(%  G/C)-0.61(%
[0034] where [X*] is the cation concentration (usually
sodium ion, Na*) in mol/L;

[0035] (% G/C) is the number of G and C residues as a
percentage of total residues in the duplex; (% F) is the
percent formamide in solution (wt/vol); and L is the number
of nucleotides in each strand of the duplex.

[0036] A polynucleotide or polypeptide has a certain per-
cent “sequence identity” to another polynucleotide or
polypeptide, meaning that, when aligned, that percentage of
bases or amino acids are the same when comparing the two
sequences. Sequence similarity can be determined in a
number of different manners. To determine sequence iden-
tity, sequences can be aligned using the methods and com-
puter programs, including BLAST, available over the world
wide web at ncbi.nlm.nih.gov/BLAST/. Another alignment
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algorithm is FASTA, available in the Genetics Computing
Group (GCG) package, from Madison, Wis., USA, a wholly
owned subsidiary of Oxford Molecular Group, Inc. Other
techniques for alignment are described in Methods in Enzy-
mology, vol. 266: Computer Methods for Macromolecular
Sequence Analysis (1996), ed. Doolittle, Academic Press,
Inc., a division of Harcourt Brace & Co., San Diego, Calif.,
USA. Of particular interest are alignment programs that
permit gaps in the sequence. The Smith-Waterman is one
type of algorithm that permits gaps in sequence alignments.
See Meth. Mol. Biol. 70: 173-187 (1997). Also, the GAP
program using the Needleman and Wunsch alignment
method can be utilized to align sequences. See J. Mol. Biol.
48: 443-453 (1970)

[0037] Of interest is the BestFit program using the local
homology algorithm of Smith Waterman (Advances in
Applied Mathematics 2: 482-489 (1981) to determine
sequence identity. The gap generation penalty will generally
range from 1 to 5, usually 2 to 4 and in many embodiments
will be 3. The gap extension penalty will generally range
from about 0.01 to 0.20 and in many instances will be 0.10.
The program has default parameters determined by the
sequences inputted to be compared. Preferably, the sequence
identity is determined using the default parameters deter-
mined by the program. This program is available also from
Genetics Computing Group (GCG) package, from Madison,
Wis., USA.

[0038] Another program of interest is the FastDB algo-
rithm. FastDB is described in Current Methods in Sequence
Comparison and Analysis, Macromolecule Sequencing and
Synthesis, Selected Methods and Applications, pp. 127-149,
1988, Alan R. Liss, Inc. Percent sequence identity is calcu-
lated by FastDB based upon the following parameters:

[0039] Mismatch Penalty: 1.00;

[0040] Gap Penalty: 1.00,

[0041] Gap Size Penalty: 0.33; and

[0042] Joining Penalty: 30.0.

[0043] A “gene” refers to a polynucleotide containing at

least one open reading frame that is capable of encoding a
particular protein after being transcribed and translated.

[0044] A “small interfering” or “short interfering RNA” or
siRNA is a RNA duplex of nucleotides that is targeted to a
gene interest (a “target gene”). An “RNA duplex” refers to
the structure formed by the complementary pairing between
two regions of a RNA molecule. siRNA is “targeted” to a
gene in that the nucleotide sequence of the duplex portion of
the siRNA is complementary to a nucleotide sequence of the
targeted gene. In some embodiments, the length of the
duplex of siRNAs is less than 30 nucleotides. In some
embodiments, the duplex can be 29, 28, 27, 26, 25, 24, 23,
22,21,20,19,18,17,16, 15,14, 13,12, 11 or 10 nucleotides
in length. In some embodiments, the length of the duplex is
19-25 nucleotides in length. The RNA duplex portion of the
siRNA can be part of a hairpin structure. In addition to the
duplex portion, the hairpin structure may contain a loop
portion positioned between the two sequences that form the
duplex. The loop can vary in length. In some embodiments
the loop is 5, 6,7, 8,9, 10, 11, 12 or 13 nucleotides in length.
The hairpin structure can also contain 3' or 5' overhang
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portions. In some embodiments, the overhang is a 3' or a 5'
overhang 0, 1, 2, 3, 4 or 5 nucleotides in length.

[0045] “Recombinant,” as applied to a polynucleotide
means that the polynucleotide is the product of various
combinations of cloning, restriction or ligation steps, and
other procedures that result in a construct that is distinct
from a polynucleotide found in nature. A recombinant virus
is a viral particle comprising a recombinant polynucleotide.
The terms respectively include replicates of the original
polynucleotide construct and progeny of the original virus
construct.

[0046] A “control element” or “control sequence” is a
nucleotide sequence involved in an interaction of molecules
that contributes to the functional regulation of a polynucle-
otide, including replication, duplication, transcription, splic-
ing, translation, or degradation of the polynucleotide. The
regulation may affect the frequency, speed, or specificity of
the process, and may be enhancing or inhibitory in nature.
Control elements known in the art include, for example,
transcriptional regulatory sequences such as promoters and
enhancers. A promoter is a DNA region capable under
certain conditions of binding RNA polymerase and initiating
transcription of a coding region usually located downstream
(in the 3' direction) from the promoter.

[0047] “Operatively linked” or “operably linked” refers to
a juxtaposition of genetic elements, wherein the elements
are in a relationship permitting them to operate in the
expected manner. For instance, a promoter is operatively
linked to a coding region if the promoter helps initiate
transcription of the coding sequence. There may be inter-
vening residues between the promoter and coding region so
long as this functional relationship is maintained.

[0048] An “expression vector” is a vector comprising a
region which encodes a polypeptide of interest, and is used
for effecting the expression of the protein in an intended
target cell. An expression vector also comprises control
elements operatively linked to the encoding region to facili-
tate expression of the protein in the target. The combination
of control elements and a gene or genes to which they are
operably linked for expression is sometimes referred to as an
“expression cassette,” a large number of which are known
and available in the art or can be readily constructed from
components that are available in the art.

[0049] “Heterologous” means derived from a genotypi-
cally distinct entity from that of the rest of the entity to
which it is being compared. For example, a polynucleotide
introduced by genetic engineering techniques into a plasmid
or vector derived from a different species is a heterologous
polynucleotide. A promoter removed from its native coding
sequence and operatively linked to a coding sequence with
which it is not naturally found linked is a heterologous
promoter. Thus, for example, an rAAV that includes a
heterologous nucleic acid encoding a heterologous gene
product is an rAAV that includes a nucleic acid not normally
included in a naturally-occurring, wild-type AAV, and the
encoded heterologous gene product is a gene product not
normally encoded by a naturally-occurring, wild-type AAV.

[0050] The terms “genetic alteration” and “genetic modi-
fication” (and grammatical variants thereof), are used inter-
changeably herein to refer to a process wherein a genetic
element (e.g., a polynucleotide) is introduced into a cell
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other than by mitosis or meiosis. The element may be
heterologous to the cell, or it may be an additional copy or
improved version of an element already present in the cell.
Genetic alteration may be effected, for example, by trans-
fecting a cell with a recombinant plasmid or other poly-
nucleotide through any process known in the art, such as
electroporation, calcium phosphate precipitation, or contact-
ing with a polynucleotide-liposome complex. Genetic alter-
ation may also be effected, for example, by transduction or
infection with a DNA or RNA virus or viral vector. Gener-
ally, the genetic element is introduced into a chromosome or
mini-chromosome in the cell; but any alteration that changes
the phenotype and/or genotype of the cell and its progeny is
included in this term.

[0051] A cell is said to be “stably” altered, transduced,
genetically modified, or transformed with a genetic
sequence if the sequence is available to perform its function
during extended culture of the cell in vitro. Generally, such
a cell is “heritably” altered (genetically modified) in that a
genetic alteration is introduced which is also inheritable by
progeny of the altered cell.

[0052] The terms “polypeptide,”“peptide,” and “protein”
are used interchangeably herein to refer to polymers of
amino acids of any length. The terms also encompass an
amino acid polymer that has been modified; for example,
disulfide bond formation, glycosylation, lipidation, phos-
phorylation, or conjugation with a labeling component.
Polypeptides such as “CFTR,”p53,”“EPO” and the like,
when discussed in the context of delivering a gene product
to a mammalian subject, and compositions therefor, refer to
the respective intact polypeptide, or any fragment or geneti-
cally engineered derivative thereof, that retains the desired
biochemical function of the intact protein. Similarly, refer-
ences to CFTR, p53, EPO genes, and other such genes for
use in delivery of a gene product to a mammalian subject
(which may be referred to as “transgenes” to be delivered to
a recipient cell), include polynucleotides encoding the intact
polypeptide or any fragment or genetically engineered
derivative possessing the desired biochemical function.

[0053] An “isolated” plasmid, nucleic acid, vector, virus,
host cell, or other substance refers to a preparation of the
substance devoid of at least some of the other components
that may also be present where the substance or a similar
substance naturally occurs or is initially prepared from.
Thus, for example, an isolated substance may be prepared by
using a purification technique to enrich it from a source
mixture. Enrichment can be measured on an absolute basis,
such as weight per volume of solution, or it can be measured
in relation to a second, potentially interfering substance
present in the source mixture. Increasing enrichments of the
embodiments of this invention are increasingly more iso-
lated. An isolated plasmid, nucleic acid, vector, virus, host
cell, or other substance is in some embodiments purified,
e.g., from about 80% to about 90% pure, at least about 90%
pure, at least about 95% pure, at least about 98% pure, or at
least about 99%, or more, pure.

[0054] As used herein, the terms “treatment,”“treating,”
and the like, refer to obtaining a desired pharmacologic
and/or physiologic effect. The effect may be prophylactic in
terms of completely or partially preventing a disease or
symptom thereof and/or may be therapeutic in terms of a
partial or complete cure for a disease and/or adverse affect
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attributable to the disease. “Treatment,” as used herein,
covers any treatment of a disease in a mammal, particularly
in a human, and includes: (a) preventing the disease from
occurring in a subject which may be predisposed to the
disease or at risk of acquiring the disease but has not yet
been diagnosed as having it; (b) inhibiting the disease, i.c.,
arresting its development; and (c) relieving the disease, i.e.,
causing regression of the disease.

[0055] The terms “individual,”“host,”“subject,” and
“patient” are used interchangeably herein, and refer to a
mammal, including, but not limited to, human and non-
human primates, including simians and humans; mammalian
sport animals (e.g., horses); mammalian farm animals (e.g.,
sheep, goats, etc.); mammalian pets (dogs, cats, etc.); and
rodents (e.g., mice, rats, etc.).

26

[0056] Before the present invention is further described, it
is to be understood that this invention is not limited to
particular embodiments described, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to be limiting, since the
scope of the present invention will be limited only by the
appended claims.

[0057] Where a range of values is provided, it is under-
stood that each intervening value, to the tenth of the unit of
the lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is
encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be
included in the smaller ranges, and are also encompassed
within the invention, subject to any specifically excluded
limit in the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those
included limits are also included in the invention.

[0058] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or mate-
rials in connection with which the publications are cited.

[0059] It must be noted that as used herein and in the
appended claims, the singular forms “a”, “and”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “an rAAV vector”
includes a plurality of such vectors and reference to “the
mutant AAV capsid protein” includes reference to one or
more mutant AAV capsid proteins and equivalents thereof
known to those skilled in the art, and so forth.

[0060] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an
admission that the present invention is not entitled to ante-
date such publication by virtue of prior invention. Further,
the dates of publication provided may be different from the
actual publication dates which may need to be independently
confirmed.
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DETAILED DESCRIPTION OF THE
INVENTION

[0061] The present invention provides mutant adeno-as-
sociated virus (AAV) that exhibit altered capsid properties,
e.g., reduced binding to neutralizing antibodies in serum
and/or altered heparin binding and/or altered infectivity of
particular cell types. The present invention further provides
libraries of mutant AAV comprising one or more mutations
in a capsid gene. The present invention further provides
methods of generating the mutant AAV, mutant AAV librar-
ies, and compositions comprising the mutant AAV or mutant
AAV libraries. The present invention further provides
recombinant AAV (rAAV) virions that comprise a mutant
capsid protein. The present invention further provides
nucleic acids comprising nucleotide sequences that encode
mutant capsid proteins, and host cells comprising the nucleic
acids. The present invention further provides methods of
delivering a gene product to an individual, the methods
generally involving administering an effective amount of a
subject rAAV virion to an individual in need thereof. In
many embodiments, a subject mutant AAV virion, a subject
nucleic acid, etc., is isolated.

[0062] A subject mutant AAV virion or a subject rAAV
virion exhibits one or more of the following properties: 1)
increased heparan sulfate binding affinity relative to wild-
type AAV; 2) decreased heparan sulfate binding affinity
relative to wild-type AAV; 3) increased infectivity of a cell
that is resistant to infection with AAV, or that is less
permissive to infection with AAV than a prototypical per-
missive cell; 4) increased evasion of neutralizing antibodies;
and 5) increased ability to cross an endothelial cell layer.

[0063] A subject nucleic acid encoding a mutant AAV
capsid protein is useful for generating recombinant AAV
virions that exhibit altered properties such as increased
heparan sulfate binding, decreased heparan sulfate binding,
increased infectivity of a cell that is resistant to infection
with AAV or that is less permissive to infection with AAV,
increased evasion of neutralizing antibodies, increased abil-
ity to cross an endothelial cell layer, and the like. A subject
rAAV virion is useful for delivering a gene product to an
individual.

[0064] Cell membrane-associated heparan sulfate pro-
teoglycan is a primary cell surface receptor for AAV, e.g.,
AAV-2. Increased heparan sulfate binding (e.g., increased
heparin affinity) is advantageous where, e.g., the rAAV
particle is being delivered in a localized manner, e.g., where
diffusion of the rAAV particle away from the site of delivery
is not desired. Many cell types produce heparan sulfate,
which remains on the surface of the cell or in the immediate
environment of the cell. Thus, an rAAV virion with
increased heparan sulfate binding affinity would remain
relatively close to the site of administration. For example,
localized delivery of a subject rAAV virion is advantageous
for delivery of a gene product to a tumor that is localized to
a particular anatomical site (but not, e.g., to surrounding
non-cancerous tissue), for delivery of a gene product to a
diseased cardiac vessel (but not to the surrounding healthy
heart tissue), etc.

[0065] In many embodiments of the present invention,
AAV-2, and mutants of AAV-2, are exemplified. However,
the exemplification of AAV-2 herein is in no way meant to
be limiting. Those skilled in the art can readily adapt the
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methods as discussed herein to generate capsid mutants of
other AAV, including, e.g., AAV-3, AAV-4, AAV-5, etc.
Thus, e.g., where an AAV binds to the 5 subunit of integrin
o, f5, the present invention contemplates mutant AAV that
exhibit increased or decreased binding to the f5 subunit of
integrin o5, compared to the corresponding wild-type
AAV. As another example, where an AAV (e.g., AAV-4)
binds to O-linked sialic acid, the present invention contem-
plates mutant AAV that exhibit increased or decreased
binding to O-linked sialic acid. As another example, where
an AAV (e.g., AAV-5) binds to N-linked sialic acid or to a
platelet-derived growth factor receptor (PDGFR), the
present invention contemplates mutant AAV that exhibit
increased or decreased binding to N-linked sialic acid or
PDGFR. See, e.g., Kaludov et al. ((2001) J. Virol. 75:6884);
Pasquale et al. ((2003) Nat. Med. 9:1306); and Walters et al.
((2001) J. Biol. Chem. 276:20610) for descriptions of AAV
receptors.

[0066] Increased heparin affinity is also advantageous in
that it confers increased infectivity of cell types that are
typically refractory to infection with AAV, e.g., non-permis-
sive cell types and “less-permissive” cell types (e.g., cells
that are less permissive than a prototypical permissive cell).
Such cell types include those with relatively low amounts of
heparan sulfate on their surface. Increased heparan sulfate
binding affinity allows an increased level of binding to cells
that have relatively low levels of surface heparan sulfate,
and therefore leads to increased infectivity of these cells. An
example of cells that are refractory to infection with AAV is
a stem cell. Thus, a subject rAAV virion is advantageous
because it can infect stem cells and can deliver gene prod-
ucts to stem cells. Other examples of cells that are non-
permissive or less permissive to infection with AAV include
lung epithelial cells and hepatocytes.

[0067] Decreased heparan sulfate binding (e.g., decreased
heparin affinity) is advantageous for therapeutic strategies in
which more widespread, or systemic delivery of a subject
rAAV virion is desired. Such rAAV virions diffuse away
from the site of administration, and thus infect a greater
number of cells than rAAV virions with wild-type capsid
protein(s).

[0068] Decreased binding to neutralizing antibodies is
advantageous. Neutralizing antibodies bind to wild-type
capsid proteins. Binding of neutralizing antibodies to wild-
type capsid proteins may have several effects, including
limiting the residence time of an rAAV virions that com-
prises wild-type capsid proteins in the viral particle, pre-
venting the virus from binding to the cell surface, aggregat-
ing the virus, induction of structural alterations in the capsid,
and prevention of viral disassembly and uncoating (a step
necessary to release the DNA). An rAAV particle that has
decreased binding to neutralizing antibodies thus has
increased capacity to infect cells, and increased residence
time in the body of an individual administered with the
rAAV virion. Thus, the effective duration of delivery of gene
product is increased.

[0069] Increased ability to cross an endothelial cell layer
allows the rAAV virion to gain access to tissues and cells
that are separated from the site of administration by an
endothelial cell layer. For example, the blood-brain barrier,
the tumor vasculature, and the cardiovascular system all
present endothelial cell layers that form a barrier to access
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of a particular anatomical site. A subject rAAV virion thus
may exhibit one or more of the following properties: 1)
increased ability to cross the blood-brain barrier; 2)
increased ability to cross the tumor vasculature and infect
tumor cells; and 3) increased ability to cross the endothelial
layer within the heart.

[0070] Mutant Adeno-Associated Virus Virions

[0071] The present invention provides mutant adeno-as-
sociated virus comprising mutant capsid proteins that exhibit
altered capsid properties. By virtue of comprising one or
more mutant capsid proteins, a subject mutant AAV exhibits
one or more of the following properties: 1) increased heparin
binding affinity relative to wild-type AAV; 2) decreased
heparin binding affinity relative to wild-type AAV; 3)
increased infectivity of a cell that is resistant to infection
with AAV; 4) increased evasion of neutralizing antibodies;
and 5) increased ability to cross an endothelial cell layer. The
properties of a subject mutant AAV are compared to a
corresponding parental, wild-type AAV. Thus, e.g., where
the parental, wild-type AAV is AAV-2, and the subject
mutant AAV is a mutant of wild-type AAV-2, the properties
of the subject mutant is compared to that same property of
wild-type AAV-2.

[0072] Mutants with Increased Heparin Affinity

[0073] Insome embodiments, a capsid protein encoded by
a subject mutant AAV exhibits increased binding affinity to
heparan sulfate relative to wild-type AAV. In these embodi-
ments, a capsid protein encoded by a subject mutant AAV
exhibits at least about 10%, at least about 15%, at least about
20%, at least about 25%, at least about 30%, at least about
35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about
65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about
95%, at least about 2-fold, at least 2.5-fold, at least about
5-fold, at least about 10-fold, at least about 15-fold, at least
about 50 fold, at least about 75-fold, or at least about
100-fold or more, higher affinity for heparan sulfate than
wild-type AAV capsid. Because heparin is a molecule that is
structurally similar to heparan sulfate, heparin is frequently
used to determine experimentally whether a capsid protein
has altered binding to heparan sulfate. Thus, the terms
“heparin binding affinity,” and “heparan sulfate binding
affinity,” and similar terms, are used interchangeably herein.

[0074] For example, whereas the binding affinity of
AAV-2 to heparin has a K(d) value of approximately 2.0 nM,
a subject mutant AAV has a binding affinity to heparin that
is at least about 10%, at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%,
at least about 40%, at least about 45%, at least about 50%,
at least about 55%, at least about 60%, at least about 65%,
at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%,
at least about 2-fold, at least 2.5-fold, at least about 5-fold,
at least about 10-fold, at least about 15-fold, at least about
50 fold, at least about 75-fold, or at least about 100-fold or
more, higher than the affinity of wild-type AAV-2 to heparin.

[0075] Typically, wild-type AAV elutes from a heparin
affinity chromatography medium with a NaCl concentration
in a range of from about 450 mM to about 550 mM. In some
embodiments, a subject mutant AAV elutes from a heparin
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affinity chromatography medium with a NaCl concentration
of greater than about 550 mM, e.g., from about 575 mM
NaCl to about 600 mM NaCl, from about 600 mM NaCl to
about 625 mM NaCl, from about 625 mM NaCl to about 650
mM NaCl, from about 650 mM NaCl to about 675 mM
NaCl, from about 675 mM NaCl to about 700 mM NaCl,
from about 700 mM NaCl to about 725 mM NaCl, from
about 725 mM NaCl to about 750 mM NaCl, from about 750
mM NaCl to about 775 mM NaCl, or from about 775 mM
NaCl to about 800 mM NaCl, or higher.

[0076] Mutants with Decreased Heparin Affinity

[0077] In other embodiments, a subject mutant AAV
exhibits a lower affinity for heparan sulfate than wild-type
AAV. In these embodiments, a subject mutant AAV, when
packaged in a viral particle, has at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, or at least about 85% lower
affinity for heparin than wild-type AAV (e.g., wild-type
AAV-2). In some embodiments, a subject mutant AAV, when
packaged into a viral particle, elutes from a heparin affinity
chromatography medium with concentration of NaCl in the
range of from about 440 mM NaCl to about 400 mM NaCl,
from about 400 mM NaCl to about 375 mM NaCl, from
about 375 mM NaCl to about 350 mM NaCl, from about 350
mM NaCl to about 325 mM NaCl, from about 325 mM NaCl
to about 300 mM NaCl, from about 300 mM NaCl to about
275 mM NaCl, from about 275 mM NaCl to about 250 mM
NaCl, from about 250 mM NaCl to about 225 mM NaCl,
from about 225 mM NaCl to about 200 mM NaCl or lower.

[0078] Heparin binding affinity can be determined using
any known assay. For example, affinity of variant capsids for
heparan sulfate can be measured by binding viral particles to
immobilized heparin. See, e.g., Qui et al. (2000) Virology
269:137-147.

[0079] Neutralizing Antibody-Evading Mutants

[0080] In some embodiments, a subject mutant AAV
exhibits increased resistance to neutralizing antibodies com-
pared to wild-type AAV (“wt AAV”) or AAV comprising a
wild-type capsid protein. In these embodiments, a subject
mutant AAV has from about 10-fold to about 10,000-fold
greater resistance to neutralizing antibodies than wt AAV,
e.g., a subject mutant AAV has from about 10-fold to about
25-fold, from about 25-fold to about 50-fold, from about
50-fold to about 75-fold, from about 75-fold to about
100-fold, from about 100-fold to about 150-fold, from about
150-fold to about 200-fold, from about 200-fold to about
250-fold, from about 250-fold to about 300-fold, at least
about 350-fold, at least about 400-fold, from about 400-fold
to about 450-fold, from about 450-fold to about 500-fold,
from about 500-fold to about 550-fold, from about 550-fold
to about 600-fold, from about 600-fold to about 700-fold,
from about 700-fold to about 800-fold, from about 800-fold
to about 900-fold, from about 900-fold to about 1000-fold,
from about 1,000-fold to about 2,000-fold, from about
2,000-fold to about 3,000-fold, from about 3,000-fold to
about 4,000-fold, from about 4,000-fold to about 5,000-fold,
from about 5,000-fold to about 6,000-fold, from about
6,000-fold to about 7,000-fold, from about 7,000-fold to
about 8,000-fold, from about 8,000-fold to about 9,000-fold,
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or from about 9,000-fold to about 10,000-fold greater resis-
tance to neutralizing antibodies than a wild-type AAV or an
AAV comprising a wild-type capsid protein.

[0081] In some embodiments, a subject mutant AAV
exhibits decreased binding to a neutralizing antibody that
binds a wild-type AAV capsid protein. For example, a
subject mutant AAV exhibits from about 10-fold to about
10,000-fold reduced binding to a neutralizing antibody that
binds a wild-type AAV capsid protein. For example, a
subject mutant AAV exhibits from about 10-fold to about
25-fold, from about 25-fold to about 50-fold, from about
50-fold to about 75-fold, from about 75-fold to about
100-fold, from about 100-fold to about 150-fold, from about
150-fold to about 200-fold, from about 200-fold to about
250-fold, from about 250-fold to about 300-fold, at least
about 350-fold, at least about 400-fold, from about 400-fold
to about 450-fold, from about 450-fold to about 500-fold,
from about 500-fold to about 550-fold, from about 550-fold
to about 600-fold, from about 600-fold to about 700-fold,
from about 700-fold to about 800-fold, from about 800-fold
to about 900-fold, from about 900-fold to about 1000-fold,
from about 1,000-fold to about 2,000-fold, from about
2,000-fold to about 3,000-fold, from about 3,000-fold to
about 4,000-fold, from about 4,000-fold to about 5,000-fold,
from about 5,000-fold to about 6,000-fold, from about
6,000-fold to about 7,000-fold, from about 7,000-fold to
about 8,000-fold, from about 8,000-fold to about 9,000-fold,
or from about 9,000-fold to about 10,000-fold reduced
binding (e.g., reduced affinity) to a neutralizing antibody that
binds a wild-type capsid AAV protein, compared to the
binding affinity of the antibody to wild-type AAV capsid
protein.

[0082] In some embodiments, an anti-AAV neutralizing
antibody binds to a subject neutralizing antibody escape
mutant AAV with an affinity of less than about 107 M, less
than about 5x107° M, less than about 107° M, less than about
5%107° M, less than about 10~> M, less than about 10~ M,
or lower.

[0083] In some embodiments, a subject mutant AAV
exhibits increased in vivo residence time compared to a
wild-type AAV. For example, a subject mutant AAV exhibits
a residence time that is at least about 10%, at least about
25%, at least about 50%, at least about 100%, at least about
3-fold, at least about 5-fold, at least about 10-fold, at least
about 25-fold, at least about 50-fold, at least about 100-fold,
or more, longer than the residence time of a wild-type AAV.

[0084] Whether a given mutant AAV exhibits reduced
binding to a neutralizing antibody and/or increased resis-
tance to neutralizing antibody can be determined using any
known assay, including the assay described in Example 1.
For example, mutant AAV is contacted with a permissive
cell type, e.g., 293 cells, in the presence of neutralizing
antibody. A control sample contains the cells, mutant AAV,
and no neutralizing antibody. After a suitable time, the cells
are contacted with adenovirus, and AAV particles are
detected. The level of AAV particles is compared to the
amount of AAV particles that are generated in the absence of
neutralizing antibody.

[0085] Mutants with Increased Infectivity

[0086] In some embodiments, a subject mutant AAV that
exhibits increased infectivity of cells that are non-permissive
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to infection with AAV, and cells that are less permissive to
infection with AAV. Cells that are non-permissive to infec-
tion with AAV, and cells that are less permissive to infection
with AAV, are collectively referred to herein as “non-
permissive cells.” When a population of permissive cells is
contacted in vitro or in vivo with AAV at a multiplicity of
infection (moi) of 5, from about 70% to about 100% of the
cell population becomes infected with the AAV. When a
population of non-permissive cells is contacted in vitro or in
vivo with AAV at an moi of 5, less than about 70% of the
population becomes infected with AAV, e.g., no greater than
from about 60% to about 69%, from about 50% to about
60%, from about 40% to about 50%, from about 30% to
about 40%, from about 20% to about 30%, from about 10%
to about 20%, or from about 1% to about 10%, of the
population becomes infected with AAV, and in some cell
types, essentially none of the cells becomes infected with
AAV.

[0087] Whether a cell is permissive or non-permissive to
infection with AAV can be readily determined by contacting
in vitro or in vivo a population of a particular cell type with
an rAAV construct that comprises a nucleotide sequence
encoding a protein that provides a detectable signal (e.g., a
fluorescent protein such as a green fluorescent protein), at an
moi of 5. The proportion of cells that become positive for the
detectable protein is an indication of the percentage of cells
that became infected with the rAAV. Where from about 0%
to about 69% of the cells become infected with the rAAV, the
cells are said to be non-permissive to infection with AAV.
Where from about 70% to about 100% of the cells become
infected with the rAAV, the cells are said to be permissive to
infection with AAV. Infectivity can be expressed relative to
infectivity of 293 cells. In some embodiments, a non-
permissive cell exhibits reduced infectivity with AAV com-
pared to 293 cells, e.g., a non-permissive cell exhibits less
than about 70% of the infectivity of 293 cells to AAV, e.g.,
a non-permissive cells exhibits less than about 70%, less
than about 60%, less than about 50%, less than about 40%,
less than about 30%, less than about 20%, less than about
10%, or less, of the infectivity of 293 cells to AAV.

[0088] In some embodiments, a subject mutant AAV
exhibits increased ability to infect a cell that is relatively
refractory to AAV infection (e.g., a non-permissive cell). In
these embodiments, a subject mutant AAV exhibits at least
about 10%, at least about 20%, at least about 30%, at least
about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least
about 2-fold, at least about 4-fold, at least about 5-fold, at
least about 10-fold, at least about 25-fold, or more, greater
infectivity of a non-permissive cell than a wild-type AAV.

[0089] Examples of cells that are relatively refractory to
AAV infection include stem cells. Further examples of
non-permissive cell types include, but are not limited to,
lung epithelial cells, and hepatocytes.

[0090] The term “stem cell” is used herein to refer to a
mammalian cell that has the ability both to self-renew, and
to generate differentiated progeny (see, ¢.g., Morrison et al.
(1997) Cell 88:287-298). Generally, stem cells also have one
or more of the following properties: an ability to undergo
asynchronous, or symmetric replication, that is where the
two daughter cells after division can have different pheno-
types; extensive self-renewal capacity; capacity for exist-
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ence in a mitotically quiescent form; and clonal regeneration
of all the tissue in which they exist, for example the ability
of hematopoietic stem cells to reconstitute all hematopoietic
lineages. “Progenitor cells” differ from stem cells in that
they typically do not have the extensive self-renewal capac-
ity, and often can only regenerate a subset of the lineages in
the tissue from which they derive, for example only lym-
phoid, or erythroid lineages in a hematopoietic setting.

[0091] Stem cells may be characterized by both the pres-
ence of markers associated with specific epitopes identified
by antibodies and the absence of certain markers as identi-
fied by the lack of binding of specific antibodies. Stem cells
may also be identified by functional assays both in vitro and
in vivo, particularly assays relating to the ability of stem
cells to give rise to multiple differentiated progeny.

[0092] Stem cells of interest include hematopoietic stem
cells and progenitor cells derived therefrom (U.S. Pat. No.
5,061,620); neural crest stem cells (see Morrison et al.
(1999) Cell 96:737-749); adult neural stem cells and neural
progenitor cells; embryonic stem cells; mesenchymal stem
cells; mesodermal stem cells; etc. Other hematopoietic “pro-
genitor” cells of interest include cells dedicated to lymphoid
lineages, e.g. immature T cell and B cell populations.

[0093] Structural Features

[0094] A subject mutant AAV virion comprises a mutation
in at least one capsid protein (e.g., at least one of VP1, VP2,
and VP3). Thus, at least one of VP1, VP2, and VP3 has at
least one amino acid substitution compared to wild-type
AAV capsid protein. In some embodiments, at least one of
VP1, VP2, and VP3 has from one to about 25 amino acid
substitutions compared to wild-type AAV VP1, VP2, and
VP3, e.g., from about one to about 5, from about 5 to about
10, from about 10 to about 15, from about 15 to about 20,
or from about 20 to about 25 amino acid substitutions
compared to wild-type AAV VP1, VP2, and VP3. Alterna-
tively, a subject mutant AAV virion comprises one or more
amino acid deletions and/or insertions in at least one capsid
protein relative to wild-type capsid protein. In some embodi-
ments, a subject mutant AAV virion comprises one or more
amino acid substitutions and/or deletions and/or insertions
in a capsid protein relative to a wild-type capsid protein.

[0095] In some embodiments, a subject mutant AAV
virion exhibits reduced binding to neutralizing antibody
compared to wild-type AAV, and comprises a VP1 that has
an amino acid sequence that has at least about 85%, at least
about 90%, at least about 95%, at least about 98%, or at least
about 99%, or greater, amino acid sequence identity to an
amino acid sequence as set forth in one of SEQ ID NOS:7,
9,11,13,15,17, 19, 21, 23, 25,27, 29, 31, and 33, or as set
forth in FIGS. 5A-C or FIGS. 7A-D. In some embodiments,
a subject mutant AAV virion exhibits reduced binding to
neutralizing antibody compared to wild-type AAV, and com-
prises a VP1 that has an amino acid sequence that has from
1-5, from 5-10, or from 10-20 amino acid differences from
an amino acid sequence as set forth in one of SEQ ID
NOS:7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, and 33
or as set forth in FIGS. SA-C or FIGS. 7A-D. In some
embodiments, a subject mutant AAV virion exhibits reduced
binding to neutralizing antibody compared to wild-type
AAV, and comprises a VP1 that has an amino acid sequence
as set forth in one of SEQ ID NOS:7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, and 33 or as set forth in FIGS. 5A-C
or FIGS. 7A-D.
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[0096] In some embodiments, a subject mutant AAV
virion exhibits increased heparan sulfate affinity compared
to wild-type AAV, and comprises a VP1 that has an amino
acid sequence that has at least about 85%, at least about
90%, at least about 95%, at least about 98%, or at least about
99%, or greater, amino acid sequence identity to an amino
acid sequence as set forth in SEQ ID NO:35 or SEQ ID
NO:37, or as set forth in FIGS. 9A-C (D14H1 or D14L3). In
some embodiments, a subject mutant AAV virion exhibits
increased heparan sulfate affinity compared to wild-type
AAV, and comprises a VP1 that has an amino acid sequence
that has from 1-5, from 5-10, or from 10-20 amino acid
differences from an amino acid sequence as set forth in SEQ
ID NO:35 or SEQ ID NO:37, or as set forth in FIGS. 9A-C
(D14H1 or D14L3). In some embodiments, a subject mutant
AAV virion exhibits increased heparan sulfate affinity com-
pared to wild-type AAV, and comprises a VP1 that has an
amino acid sequence as set forth in SEQ ID NO:35 or SEQ
ID NO:37, or as set forth in FIGS. 9A-C (D14H1 or D14L3).

[0097] In some embodiments, a subject mutant AAV
virion exhibits reduced heparan sulfate affinity compared to
wild-type AAV, and comprises a VP1 that has an amino acid
sequence that has at least about 85%, at least about 90%, at
least about 95%, at least about 98%, or at least about 99%,
or greater, amino acid sequence identity to an amino acid
sequence as set forth in SEQ ID NO:39 or SEQ ID NO:41,
or as set forth in FIGS. 9A-C (P1BH1 or P1BH2). In some
embodiments, a subject mutant AAV virion exhibits reduced
heparan sulfate affinity compared to wild-type AAV, and
comprises a VP1 that has an amino acid sequence that has
from 1-5, from 5-10, or from 10-20 amino acid differences
from an amino acid sequence as set forth in SEQ ID NO:39
or SEQ ID NO:41, or as set forth in FIGS. 9A-C (P1BH1 or
P1BH2). In some embodiments, a subject mutant AAV
virion exhibits decreased heparan sulfate affinity compared
to wild-type AAV, and comprises a VP1 that has an amino
acid sequence as set forth in SEQ ID NO:39 or SEQ ID
NO:41, or as set forth in FIGS. 9A-C (P1BH1 or P1BH2).

[0098] In some embodiments, a subject mutant AAV
virion comprises wild-type Rep78, Rep68, Rep52, and
Rep40 proteins. In other embodiments, a subject mutant
AAV comprises, in addition to one or more mutant capsid
proteins, one or more mutations in one or more of Rep78,
Rep68, Rep52, and Rep40 proteins.

[0099] Nucleic Acids and Host Cells

[0100] The present invention provides nucleic acids com-
prising nucleotide sequences encoding a mutant AAV capsid
protein, as well as host cells comprising a subject nucleic
acid. The nucleic acids and host cells are useful for gener-
ating rAAV virions, as described below. A subject nucleic
acid encodes one or more of VP1, VP2, and VP3 comprising
one or more amino acid substitutions. A subject nucleic acid
comprises a nucleotide sequence encoding at least one of
VP1, VP2, and VP3, wherein the encoded capsid protein
comprises from one to about 15 amino acid substitutions
compared to a wild-type AAV capsid protein, e.g., from
about one to about 5, from about 5 to about 10, from about
10 to about 15, from about 15 to about 20, or from about 20
to about 25 amino acid substitutions compared to a wild-
type AAV capsid protein. The encoded capsid protein may,
alternatively or in addition, comprise one or more amino
acid deletions and/or insertions relative to a wild-type AAV
capsid protein.

Mar. 10, 2005

[0101] Insome embodiments, a subject nucleic acid com-
prises a nucleotide sequence that comprises from about 1 to
about 30 nucleotide differences (e.g., from about 1 to about
5, from about 5 to about 10, from about 10 to about 20, or
from about 20 to about 30 nucleotide differences) from a
nucleotide sequence as set forth in any one of SEQ ID
NOs:2, 3, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32,
34, 36, 38, and 40, or any one of the nucleotide sequences
set forth in FIGS. 4A-G, FIGS. 6A-J, or FIGS. 8A-G. In
some embodiments, a subject nucleic acid comprises a
nucleotide sequence that hybridizes under stringent hybrid-
ization conditions to a nucleic acid having a nucleotide
sequence as set forth in any one of SEQ ID NOS:2, 3, 6, §,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, and
40, or any one of the nucleotide sequences set forth in FIGS.
4A-G, FIGS. 6A-]J, or FIGS. 8A-G. In some embodiments,
a subject nucleic acid comprises a nucleotide sequence that
is at least about 80%, at least about 85%, at least about 90%,
at least about 95%, at least about 98%, at least about 99%,
or more, identical to a nucleotide sequence as set forth in any
one of SEQ ID NOS:2, 3, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26, 28, 30, 32, 34, 36, 38, and 40, or any one of the
nucleotide sequences set forth in FIGS. 4A-G, FIGS. 6A-J,
or FIGS. 8A-G. In some embodiments, a subject nucleic acid
comprises a nucleic acid having a nucleotide sequence as set
forth in any one of SEQ ID NOS:2, 3, 6, 8§, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, and 40, or any one
of the nucleotide sequences set forth in FIGS. 4A-G, FIGS.
6A-J, or FIGS. 8A-G.

[0102] The present invention further provides host cells,
e.g., isolated host cells, comprising a subject nucleic acid. A
subject host cell is typically an isolated cell, e.g., a cell in in
vitro culture. A subject host cell is useful for producing a
subject rAAV virion, as described below. Where a subject
host cell is used to produce a subject rAAV virion, it is
referred to as a “packaging cell.” In some embodiments, a
subject host cell is stably genetically modified with a subject
nucleic acid. In other embodiments, a subject host cell is
transiently genetically modified with a subject nucleic acid.

[0103] A subject nucleic acid is introduced stably or
transiently into a host cell, using established techniques,
including, but not limited to, electroporation, calcium phos-
phate precipitation, liposome-mediated transfection, and the
like. For stable transformation, a subject nucleic acid will
generally further include a selectable marker, e.g., any of
several well-known selectable markers such as neomycin
resistance, and the like.

[0104] A subject host cell is generated by introducing a
subject nucleic acid into any of a variety of cells, e.g.,
mammalian cells, including, e.g., murine cells, and primate
cells (e.g., human cells). Suitable mammalian cells include,
but are not limited to, primary cells and cell lines, where
suitable cell lines include, but are not limited to, 293 cells,
COS cells, HeLa cells, Vero cells, 3T3 mouse fibroblasts,
C3H10T1/2 fibroblasts, CHO cells, and the like.

[0105] Insome embodiments, a subject host cell includes,
in addition to a nucleic acid comprising a nucleotide
sequence encoding a mutant capsid protein, a nucleic acid
that comprises a nucleotide sequence encoding one or more
AAV rep proteins. In other embodiments, a subject host cell
further comprises an rAAV vector, as described below. As
described in more detail below, an rAAV virion is generated
using a subject host cell.
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[0106] rAAV Virions

[0107] A mutant capsid protein may be incorporated into
an AAV that comprises a heterologous nucleic acid that
provides for production of a heterologous gene product (e.g.,
a heterologous nucleic acid or a heterologous protein). A
subject recombinant AAV virion (“rAAV virion”) comprises
a mutant capsid protein, and includes a heterologous nucleic
acid that encodes a heterologous gene product. Thus, the
present invention provides rAAV virions that comprise a
mutant capsid protein, as described above; and a heterolo-
gous nucleic acid. A subject rAAV virion is useful for
introducing a gene product into an individual.

[0108] A subject rAAV virion comprises a mutant capsid
protein, as described above. By virtue of comprising a
mutant capsid protein, a subject rAAV virion exhibits one or
more of the following properties: 1) increased heparin
binding affinity relative to wild-type AAV; 2) decreased
heparin binding affinity relative to wild-type AAV; 3)
increased infectivity of a cell that is non-permissive to
infection with AAV; 4) increased evasion of neutralizing
antibodies; and 5) increased ability to cross an endothelial
cell layer.

[0109] In some embodiments, a subject rAAV virion
exhibits increased binding affinity to heparin relative to a
wild-type AAV virion. In these embodiments, a capsid
protein encoded by a subject rAAV virion exhibits at least
about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least
about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least
about 2-fold, at least 2.5-fold, at least about 5-fold, at least
about 10-fold, at least about 15-fold, at least about 50 fold,
at least about 75-fold, or at least about 100-fold or more,
higher affinity for heparin than wild-type AAV capsid.
Typically, wild-type AAV elutes from a heparin affinity
chromatography medium with a NaCl concentration in a
range of from about 450 mM to about 550 mM. In some
embodiments, a subject rAAV virion elutes from a heparin
affinity chromatography medium with a NaCl concentration
of greater than about 550 mM, e.g., from about 575 mM
NaCl to about 600 mM NaCl, from about 600 mM NaCl to
about 625 mM NaCl, from about 625 mM NaCl to about 650
mM NaCl, from about 650 mM NaCl to about 675 mM
NaCl, from about 675 mM NaCl to about 700 mM NaCl,
from about 700 mM NaCl to about 725 mM NaCl, from
about 725 mM NaCl to about 750 mM NaCl, from about 750
mM NacCl to about 775 mM NaCl, or from about 775 mM
NaCl to about 800 mM NaCl, or higher.

[0110] In other embodiments, a subject rAAV virion
exhibits a lower affinity for heparin than wild-type AAV. In
these embodiments, a subject rAAV virion has at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, or at least about
85% lower affinity for heparin than wild-type AAV. In some
embodiments, a subject rAAV virion elutes from a heparin
affinity chromatography medium with concentration of
NaCl in the range of from about 440 mM NaCl to about 400
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mM NaCl, from about 400 mM NaCl to about 375 mM
NaCl, from about 375 mM NaCl to about 350 mM NaCl,
from about 350 mM NaCl to about 325 mM NaCl, from
about 325 mM NaCl to about 300 mM NaCl, from about 300
mM NaCl to about 275 mM NaCl, from about 275 mM NaCl
to about 250 mM NaCl, from about 250 mM NaCl to about
225 mM NaCl, from about 225 mM NaCl to about 200 mM
NaCl or lower.

[0111] Heparin binding affinity can be determined using
any known assay. For example, affinity of variant capsids for
heparan sulfate can be measured by binding viral particles to
immobilized heparin. See, e.g., Qui et al. (2000) Virology
269:137-147.

[0112] In some embodiments, a subject rAAV virion
exhibits increased resistance to neutralizing antibodies com-
pared to wild-type AAV or AAV comprising a wild-type
capsid protein. In these embodiments, a subject rAAV virion
has from about 10-fold to about 10,000-fold greater resis-
tance to neutralizing antibodies than wt AAV, e.g., a subject
rAAV virion has from about 10-fold to about 25-fold, from
about 25-fold to about 50-fold, from about 50-fold to about
75-fold, from about 75-fold to about 100-fold, from about
100-fold to about 150-fold, from about 150-fold to about
200-fold, from about 200-fold to about 250-fold, from about
250-fold to about 300-fold, at least about 350-fold, at least
about 400-fold, from about 400-fold to about 450-fold, from
about 450-fold to about 500-fold, from about 500-fold to
about 550-fold, from about 550-fold to about 600-fold, from
about 600-fold to about 700-fold, from about 700-fold to
about 800-fold, from about 800-fold to about 900-fold, from
about 900-fold to about 1000-fold, from about 1,000-fold to
about 2,000-fold, from about 2,000-fold to about 3,000-fold,
from about 3,000-fold to about 4,000-fold, from about
4,000-fold to about 5,000-fold, from about 5,000-fold to
about 6,000-fold, from about 6,000-fold to about 7,000-fold,
from about 7,000-fold to about 8,000-fold, from about
8,000-fold to about 9,000-fold, or from about 9,000-fold to
about 10,000-fold greater resistance to neutralizing antibod-
ies than a wild-type AAV or an AAV comprising a wild-type
capsid protein.

[0113] In some embodiments, a subject rAAV virion
exhibits decreased binding to a neutralizing antibody that
binds a wild-type AAV capsid protein. For example, a
subject mutant rAAV virion exhibits from about 10-fold to
about 10,000-fold reduced binding to a neutralizing anti-
body that binds a wild-type AAV capsid protein. For
example, a subject mutant rAAV virion exhibits from about
10-fold to about 25-fold, from about 25-fold to about
50-fold, from about 50-fold to about 75-fold, from about
75-fold to about 100-fold, from about 100-fold to about
150-fold, from about 150-fold to about 200-fold, from about
200-fold to about 250-fold, from about 250-fold to about
300-fold, at least about 350-fold, at least about 400-fold,
from about 400-fold to about 450-fold, from about 450-fold
to about 500-fold, from about 500-fold to about 550-fold,
from about 550-fold to about 600-fold, from about 600-fold
to about 700-fold, from about 700-fold to about 800-fold,
from about 800-fold to about 900-fold, from about 900-fold
to about 1,000-fold, from about 1,000-fold to about 2,000-
fold, from about 2,000-fold to about 3,000-fold, from about
3,000-fold to about 4,000-fold, from about 4,000-fold to
about 5,000-fold, from about 5,000-fold to about 6,000-fold,
from about 6,000-fold to about 7,000-fold, from about
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7,000-fold to about 8,000-fold, from about 8,000-fold to
about 9,000-fold, or from about 9,000-fold to about 10,000-
fold reduced binding to a neutralizing antibody that binds a
wild-type capsid AAV protein, compared to the binding
affinity of the antibody to wild-type AAV capsid protein.

[0114] In some embodiments, an anti-AAV neutralizing
antibody binds to a subject rAAV virion with an affinity of
less than about 10~7 M, less than about 5x107° M, less than
about 107% M, less than about 5x10~> M, less than about 10~
M, less than about 10~* M, or lower.

[0115] A subject rAAV virion that exhibits reduced bind-
ing to neutralizing antibodies has increased residence time in
the body, compared to the residence time of an AAV virion
comprising wild-type capsid proteins. Thus, e.g., a subject
rAAV virion has at least about 25%, at least about 50%, at
least about 75%, at least about 2-fold, at least about 2.5-fold,
at least about 3-fold, at least about 4-fold, at least about
5-fold at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 50-fold, or more, increased
residence time in vivo compared to the residence time of an
AAV virion comprising wild-type capsid proteins.

[0116] Whether a given mutant rAAV virion exhibits
reduced binding to a neutralizing antibody and/or increased
resistance to neutralizing antibody can be determined using
any known assay, including the assay described in the
Example. For example, mutant rAAV virion is contacted
with a permissive cell type, e.g., 293 cells, in the presence
of neutralizing antibody. A control sample contains the cells,
mutant rAAV virion, and no neutralizing antibody. After a
suitable time, the cells are contacted with adenovirus, and
rAAV particles are detected. The level of rAAV particles is
compared to the amount of rAAV particles that are generated
in the absence of neutralizing antibody.

[0117] In some embodiments, a subject rAAV virion
exhibits increased ability to infect a cell that is relatively
refractory to AAV infection (e.g., a non-permissive cell). In
these embodiments, a subject mutant AAV exhibits at least
about 10%, at least about 20%, at least about 30%, at least
about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least
about 2-fold, at least about 4-fold, at least about 10-fold, at
least about 20-fold, or at least about 50-fold, or more, greater
infectivity of a non-permissive cell than a wild-type AAV or
an rAAV virion comprising wild-type capsid protein.

[0118] Examples of cells that are relatively refractory to
AAV infection include, but are not limited to stem cells,
hepatocytes, and lung epithelial cells.

[0119] The term “stem cell” is used herein to refer to a
mammalian cell that has the ability both to self-renew, and
to generate differentiated progeny (see, e¢.g., Morrison et al.
(1997) Cell 88:287-298). Generally, stem cells also have one
or more of the following properties: an ability to undergo
asynchronous, or symmetric replication, that is where the
two daughter cells after division can have different pheno-
types; extensive self-renewal capacity; capacity for exist-
ence in a mitotically quiescent form; and clonal regeneration
of all the tissue in which they exist, for example the ability
of hematopoietic stem cells to reconstitute all hematopoietic
lineages. “Progenitor cells” differ from stem cells in that
they typically do not have the extensive self-renewal capac-
ity, and often can only regenerate a subset of the lineages in
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the tissue from which they derive, for example only lym-
phoid, or erythroid lineages in a hematopoietic setting.

[0120] Stem cells may be characterized by both the pres-
ence of markers associated with specific epitopes identified
by antibodies and the absence of certain markers as identi-
fied by the lack of binding of specific antibodies. Stem cells
may also be identified by functional assays both in vitro and
in vivo, particularly assays relating to the ability of stem
cells to give rise to multiple differentiated progeny.

[0121] Stem cells of interest include hematopoietic stem
cells and progenitor cells derived therefrom (U.S. Pat. No.
5,061,620); neural crest stem cells (see Morrison et al.
(1999) Cell 96:737-749); adult neural stem cells and neural
progenitor cells; embryonic stem cells; mesenchymal stem
cells; mesodermal stem cells; etc. Other hematopoietic “pro-
genitor” cells of interest include cells dedicated to lymphoid
lineages, e.g. immature T cell and B cell populations.

[0122] In some embodiments, a subject TAAV virion
exhibits increased ability to cross an endothelial cell layer.
For example, in these embodiments, a subject rAAV virion
exhibits at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about
90%, at least about 2-fold, at least about 5-fold, at least about
10-fold, at least about 25-fold, or at least about 50-fold
increase in ability to cross an endothelial cell layer.

[0123] Whether a given rAAV virion exhibits an increased
ability to cross an endothelial cell layer can be determined
experimentally using well-known systems.

[0124] A subject rAAV virion comprises a mutation in at
least one capsid protein (e.g., at least one of VP1, VP2, and
VP3). Thus, at least one of VP1, VP2, and VP3 has at least
one amino acid substitution compared to wild-type AAV
capsid protein. In some embodiments, at least one of VP1,
VP2, and VP3 has from one to about 25 amino acid
substitutions compared to wild-type AAV VP1, VP2, and
VP3, e.g., from about one to about 5, from about 5 to about
10, from about 10 to about 15, from about 15 to about 20,
or from about 20 to about 25 amino acid substitutions
compared to wild-type AAV VP1, VP2, and VP3. Alterna-
tively, a subject rAAV virion comprises one or more amino
acid deletions and/or insertions in at least one capsid protein
relative to wild-type capsid protein. In some embodiments,
a subject rAAV virion comprises one or more amino acid
substitutions and/or deletions and/or insertions in a capsid
protein relative to a wild-type capsid protein.

[0125] In some embodiments, a subject rAAV virion
exhibits reduced binding to neutralizing antibody compared
to wild-type AAV, and comprises a VP1 that has an amino
acid sequence that has at least about 85%, at least about
90%, at least about 95%, at least about 98%, or at least about
99%, or greater, amino acid sequence identity to an amino
acid sequence as set forth in one of SEQ ID NOS:7, 9, 11,
13, 15, 17, 19, 21, 23, 25, 27, 29, 31, and 33, or as set forth
in FIGS. 5A-C or FIGS. 7A-D. In some embodiments, a
subject rAAV virion exhibits reduced binding to neutralizing
antibody compared to wild-type AAV, and comprises a VP1
that has an amino acid sequence that has from 1-5, from
5-10, or from 10-20 amino acid differences from an amino
acid sequence as set forth in one of SEQ ID NOs: 7, 9, 11,
13, 15, 17, 19, 21, 23, 25, 27, 29, 31, and 33, or as set forth

Sarepta Exhibit 1066, page 51



US 2005/0053922 A1l

in FIGS. 5A-C or FIGS. 7A-D. In some embodiments, a
subject rAAV virion exhibits reduced binding to neutralizing
antibody compared to wild-type AAV, and comprises a VP1
that has an amino acid sequence as set forth in one of SEQ
ID NOs: 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, and
33, or as set forth in FIGS. 5A-C or FIGS. 7A-D.

[0126] In some embodiments, a subject rAAV virion
exhibits increased heparan sulfate affinity compared to wild-
type AAV, and comprises a VP1 that has an amino acid
sequence that has at least about 85%, at least about 90%, at
least about 95%, at least about 98%, or at least about 99%,
or greater, amino acid sequence identity to an amino acid
sequence as set forth in SEQ ID NO:35 or SEQ ID NO:37,
or as set forth in FIGS. 9A-C (D14H1 or D14L3). In some
embodiments, a subject rAAV virion exhibits increased
heparan sulfate affinity compared to wild-type AAV, and
comprises a VP1 that has an amino acid sequence that has
from 1-5, from 5-10, or from 10-20 amino acid differences
from an amino acid sequence as set forth in SEQ ID NO:35
or SEQ ID NO:37, or as set forth in FIGS. 9A-C (D14H1 or
D14L3). In some embodiments, a subject rAAV virion
exhibits increased heparan sulfate affinity compared to wild-
type AAV, and comprises a VP1 that has an amino acid
sequence as set forth in SEQ ID NO:35 or SEQ ID NO:37,
or as set forth in FIGS. 9A-C (D14H1 or D14L3).

[0127] In some embodiments, a subject rAAV virion
exhibits reduced heparan sulfate affinity compared to wild-
type AAV, and comprises a VP1 that has an amino acid
sequence that has at least about 85%, at least about 90%, at
least about 95%, at least about 98%, or at least about 99%,
or greater, amino acid sequence identity to an amino acid
sequence as set forth in SEQ ID NO:39 or SEQ ID NO:41,
or as set forth in FIGS. 9A-C (P1BH1 or P1BH2). In some
embodiments, a subject rAAV virion exhibits reduced hepa-
ran sulfate affinity compared to wild-type AAV, and com-
prises a VP1 that has an amino acid sequence that has from
1-5, from 5-10, or from 10-20 amino acid differences from
an amino acid sequence as set forth in SEQ ID NO:39 or
SEQ ID NO:41, or as set forth in FIGS. 9A-C (P1BH1 or
P1BH2). In some embodiments, a subject rAAV virion
exhibits decreased heparan sulfate affinity compared to
wild-type AAV, and comprises a VP1 that has an amino acid
sequence as set forth in SEQ ID NO:39 or SEQ ID NO:41,
or as set forth in FIGS. 9A-C (P1BH1 or P1BH2).

[0128] Generation of Subject rAAV Virions

[0129] By way of introduction, it is typical to employ a
host or “producer” cell for rAAV vector replication and
packaging. Such a producer cell (usually a mammalian host
cell) generally comprises or is modified to comprise several
different types of components for rAAV production. The first
component is a recombinant adeno-associated viral (rAAV)
vector genome (or “rAAV pro-vector”) that can be replicated
and packaged into vector particles by the host packaging
cell. The rAAV pro-vector will normally comprise a heter-
ologous polynucleotide (or “transgene”), with which it is
desired to genetically alter another cell in the context of gene
therapy (since the packaging of such a transgene into rAAV
vector particles can be effectively used to deliver the trans-
gene to a variety of mammalian cells). The transgene is
generally flanked by two AAV inverted terminal repeats
(ITRs) which comprise sequences that are recognized during
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excision, replication and packaging of the AAV vector, as
well as during integration of the vector into a host cell
genome.

[0130] A second component is a helper virus that can
provide helper functions for AAV replication. Although
adenovirus is commonly employed, other helper viruses can
also be used as is known in the art. Alternatively, the
requisite helper virus functions can be isolated genetically
from a helper virus and the encoding genes can be used to
provide helper virus functions in trans. The AAV vector
elements and the helper virus (or helper virus functions) can
be introduced into the host cell either simultaneously or
sequentially in any order.

[0131] The final components for AAV production to be
provided in the producer cell are “AAV packaging genes”
such as AAV rep and cap genes that provide replication and
encapsidation proteins, respectively. Several different ver-
sions of AAV packaging genes can be provided (including
rep-cap cassettes and separate rep and/or cap cassettes in
which the rep and/or cap genes can be left under the control
of the native promoters or operably linked to heterologous
promoters. Such AAV packaging genes can be introduced
either transiently or stably into the host packaging cell, as is
known in the art and described in more detail below.

[0132] 1. rAAV Vector

[0133] A subject rAAV virion, including the heterologous
DNA of interest (where “heterologous DNA of interest” is
also referred to herein as “heterologous nucleic acid”), can
be produced using standard methodology, known to those of
skill in the art. The methods generally involve the steps of
(1) introducing a subject rAAV vector into a host cell; (2)
introducing an AAV helper construct into the host cell,
where the helper construct includes AAV coding regions
capable of being expressed in the host cell to complement
AAV helper functions missing from the AAV vector; (3)
introducing one or more helper viruses and/or accessory
function vectors into the host cell, wherein the helper virus
and/or accessory function vectors provide accessory func-
tions capable of supporting efficient recombinant AAV
(“rAAV”) virion production in the host cell; and (4) cultur-
ing the host cell to produce rAAV virions. The AAV expres-
sion vector, AAV helper construct and the helper virus or
accessory function vector(s) can be introduced into the host
cell, either simultaneously or serially, using standard trans-
fection techniques.

[0134] AAV expression vectors are constructed using
known techniques to at least provide as operatively linked
components in the direction of transcription, control ele-
ments including a transcriptional initiation region, the DNA
of interest and a transcriptional termination region. The
control elements are selected to be functional in a mamma-
lian muscle cell. The resulting construct which contains the
operatively linked components is bounded (5' and 3') with
functional AAV ITR sequences.

[0135] The nucleotide sequences of AAV ITR regions are
known. See, ¢.g., Kotin, R. M. (1994) Human Gene Therapy
5:793-801; Berns, K. I. “Parvoviridae and their Replication”
in Fundamental Virology, 2nd Edition, (B. N. Fields and D.
M. Kanipe, eds.) for the AAV-2 sequence. AAV ITRs used in
the vectors of the invention need not have a wild-type
nucleotide sequence, and may be altered, e.g., by the inser-
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tion, deletion or substitution of nucleotides. Additionally,
AAV ITRs may be derived from any of several AAV
serotypes, including without limitation, AAV-1, AAV-2,
AAV-3, AAV-4, AAV-5, AAV-7, etc. Furthermore, 5' and 3
ITRs which flank a selected nucleotide sequence in an AAV
expression vector need not necessarily be identical or
derived from the same AAV serotype or isolate, so long as
they function as intended, i.e., to allow for excision and
rescue of the sequence of interest from a host cell genome
or vector, and to allow integration of the DNA molecule into
the recipient cell genome when AAV Rep gene products are
present in the cell. ITRs allow replication of the vector
sequence in the presence of an appropriate mixture of Rep
proteins. ITRs also allow for the incorporation of the vector
sequence into the capsid to generate an AAV particle.

[0136] A suitable heterologous DNA molecule (also
referred to herein as a “heterologous nucleic acid”) for use
in a subject rAAV vector will generally be less than about 5
kilobases (kb) in size and will include, for example, a gene
(a nucleotide sequence) that encodes a protein that is defec-
tive or missing from a recipient subject; a gene that encodes
a protein having a desired biological or therapeutic effect
(e.g., an antibacterial, antiviral or antitumor function); a
nucleotide sequence that encodes an RNA that inhibits or
reduces production of a deleterious or otherwise undesired
protein; a nucleotide sequence that encodes an antigenic
protein; or a nucleotide sequence that encodes an RNA that
inhibits or reduces production of a protein.

[0137] Suitable heterologous nucleic acids include, but are
not limited to, those encoding proteins used for the treatment
of endocrine, metabolic, hematologic, cardiovascular, neu-
rologic, musculoskeletal, urologic, pulmonary and immune
disorders, including such disorders as inflammatory dis-
eases, autoimmune, chronic and infectious diseases, such as
acquired immunodeficiency syndrome (AIDS), cancer,
hypercholestemia, insulin disorders such as diabetes, growth
disorders, various blood disorders including various ane-
mias, thalassemias and hemophilia; genetic defects such as
cystic fibrosis, Gaucher’s Disease, Hurler’s Disease, adenos-
ine deaminase (ADA) deficiency, emphysema, or the like.

[0138] Suitable heterologous nucleic acids include, but are
not limited to, those encoding any of a variety of proteins,
including, but not limited to: an interferon (e.g., IFN-y,
IFN-a, IFN-B, IFN-w; IFN-t); an insulin (e.g., Novolin,
Humulin, Humalog, Lantus, Ultralente, etc.); an erythropoi-
etin (“EPO”; e.g., Procrit®, Eprex®, or Epogen® (epoetin-
a); Aranesp® (darbepoietin-a); NeoRecormon®, Epogin®
(epoetin-B); and the like); an antibody (e.g., a monoclonal
antibody) (e.g., Rituxan® (rituximab); Remicade® (inflix-
imab); Herceptin® (trastuzumab); Humira™ (adalimumab);
Xolair® (omalizumab); Bexxar® (tositumomab); Raptiva™
(efalizumab); Erbitux™ (cetuximab); and the like), includ-
ing an antigen-binding fragment of a monoclonal antibody;
a blood factor (e.g., Activase® (alteplase) tissue plasmino-
gen activator; NovoSeven® (recombinant human factor
VIa); Factor VIa; Factor VIII (e.g., Kogenate®); Factor IX;
[-globin; hemoglobin; and the like); a colony stimulating
factor (e.g., Neupogen® (filgrastim; G-CSF); Neulasta (peg-
filgrastim); granulocyte colony stimulating factor (G-CSF),
granulocyte-monocyte colony stimulating factor, macroph-
age colony stimulating factor, megakaryocyte colony stimu-
lating factor; and the like); a growth hormone (e.g., a
somatotropin, e.g., Genotropin®, Nutropin®, Norditropin®,
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Saizen®, Serostim®, Humatrope®, etc.; a human growth
hormone; and the like); an interleukin (e.g., IL-1; IL-2,
including, e.g., Proleukin®; IL-3, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9; etc.); a growth factor (e.g., Regranex® (becla-
permin; PDGF); Fiblast® (trafermin; bFGF); Stemgen®
(ancestim; stem cell factor); keratinocyte growth factor; an
acidic fibroblast growth factor, a stem cell factor, a basic
fibroblast growth factor, a hepatocyte growth factor; and the
like); a soluble receptor (e.g., a TNF-a-binding soluble
receptor such as Enbrel® (etanercept); a soluble VEGF
receptor; a soluble interleukin receptor; a soluble y/d T cell
receptor; and the like); an enzyme (e.g., a-glucosidase;
Cerazyme® (imiglucarase; [(-glucocerebrosidase, Cere-
dase® (alglucerase); an enzyme activator (e.g., tissue plas-
minogen activator); a chemokine (e.g., IP-10; Mig; Groo/
IL-8, RANTES; MIP-1a; MIP-18; MCP-1; PF-4; and the
like); an angiogenic agent (e.g., vascular endothelial growth
factor (VEGF) ; an anti-angiogenic agent (e.g., a soluble
VEGEF receptor); a protein vaccine; a neuroactive peptide
such as bradykinin, cholecystokinin, gastin, secretin, oxy-
tocin, gonadotropin-releasing hormone, beta-endorphin,
enkephalin, substance P, somatostatin, prolactin, galanin,
growth hormone-releasing hormone, bombesin, dynorphin,
neurotensin, motilin, thyrotropin, neuropeptide Y, luteiniz-
ing hormone, calcitonin, insulin, glucagon, vasopressin,
angiotensin II, thyrotropin-releasing hormone, vasoactive
intestinal peptide, a sleep peptide, etc.; other proteins such
as a thrombolytic agent, an atrial natriuretic peptide, bone
morphogenic protein, thrombopoietin, relaxin, glial fibril-
lary acidic protein, follicle stimulating hormone, a human
alpha-1 antitrypsin, a leukemia inhibitory factor, a trans-
forming growth factor, an insulin-like growth factor, a
luteinizing hormone, a macrophage activating factor, tumor
necrosis factor, a neutrophil chemotactic factor, a nerve
growth factor a tissue inhibitor of metalloproteinases; a
vasoactive intestinal peptide, angiogenin, angiotropin,
fibrin; hirudin; a leukemia inhibitory factor; an IL-1 receptor
antagonist (e.g., Kineret® (anakinra)); an ion channel, e.g.,
cystic fibrosis transmembrane conductance regulator
(CFTR); dystrophin; utrophin, a tumor suppressor; lysoso-
mal enzyme acid a-glucosidase (GAA); and the like. Suit-
able nucleic acids also include those that encode a functional
fragment of any of the aforementioned proteins; and nucleic
acids that encode functional variants of any of the afore-
mentioned proteins.

[0139] Suitable heterologous nucleic acids also include
those that encode antigenic proteins. A subject rAAV that
comprises a heterologous nucleic acid that encodes an
antigenic protein is suitable for stimulating an immune
response to the antigenic protein in a mammalian host. The
antigenic protein is derived from an autoantigen, an allergen,
a tumor-associated antigen, a pathogenic virus, a pathogenic
bacterium, a pathogenic protozoan, a pathogenic helminth,
or any other pathogenic organism that infects a mammalian
host. As used herein, the term “a nucleic acid encoding an
antigenic protein derived from” includes nucleic acids
encoding wild-type antigenic proteins, e.g., a nucleic acid
isolated from a pathogenic virus that encodes a viral protein;
synthetic nucleic acids generated in the laboratory that
encode antigenic proteins that are identical in amino acid
sequence to a naturally-occurring antigenic protein; syn-
thetic nucleic acids generated in the laboratory that encode
antigenic proteins that differ in amino acid sequence (e.g., by
from one amino acid to about 15 amino acids) from a
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naturally-occurring antigenic protein, but that nonetheless
induce an immune response to the corresponding naturally-
occurring antigenic protein; synthetic nucleic acids gener-
ated in the laboratory that encode fragments of antigenic
proteins (e.g., fragments of from about 5 amino acids to
about 50 amino acids, which fragments comprises one or
more antigenic epitopes), which fragments induce an
immune response to the corresponding naturally-occurring
antigenic protein; etc.

[0140] Similarly, an antigenic protein “derived from” an
autoantigen, an allergen, a tumor-associated antigen, a
pathogenic virus, a pathogenic bacterium, a pathogenic
protozoan, a pathogenic helminth, or any other pathogenic
organism that infects a mammalian host, includes proteins
that are identical in amino acid sequence to a naturally-
occurring antigenic protein, and proteins that differ in amino
acid sequence (e.g., by from one amino acid to about 15
amino acids) from a naturally-occurring antigenic protein,
but that nonetheless induce an immune response to the
corresponding naturally-occurring antigenic protein; and
fragments of antigenic proteins (e.g., fragments of from
about 5 amino acids to about 50 amino acids, which frag-
ments comprises one or more antigenic epitopes), which
fragments induce an immune response to the corresponding
naturally-occurring antigenic protein.

[0141] In some embodiments, an immune response to an
antigenic protein encoded by a subject rAAV will stimulate
a protective immune response to a pathogenic organism that
displays the antigenic protein or antigenic epitope (or a
protein or an epitope that is cross-reactive with the rAAV-
encoded antigenic protein or antigenic epitopes) in the
mammalian host. In some embodiments, a cytotoxic T
lymphocyte (CTL) response to the rAAV-encoded antigenic
protein will be induced in the mammalian host. In other
embodiments, a humoral response to the rAAV-encoded
antigenic protein will be induced in the mammalian host,
such that antibodies specific to the antigenic protein are
generated. In many embodiments, a TH1 immune response
to the rAAV-encoded antigenic protein will be induced in the
mammalian host. Suitable antigenic proteins include tumor-
associated antigens, viral antigens, bacterial antigens, and
protozoal antigens; and antigenic fragments thereof. In some
embodiments, the antigenic protein is derived from an
intracellular pathogen. In other embodiments, the antigenic
protein is a self-antigen. In yet other embodiments, the
antigenic protein is an allergen.

[0142] Tumor-specific antigens include, but are not lim-
ited to, any of the various MAGEs (Melanoma-Associated
Antigen E), including MAGE 1 (e.g., GenBank Accession
No. M77481), MAGE 2 (e.g., GenBank Accession No.
U03735), MAGE 3, MAGE 4, etc.; any of the various
tyrosinases; mutant ras; mutant p53 (e.g., GenBank Acces-
sion No. X54156 and AA494311); and p97 melanoma
antigen (e.g., GenBank Accession No. M12154). Other
tumor-specific antigens include the Ras peptide and p53
peptide associated with advanced cancers, the HPV 16/18
and EG6/E7 antigens associated with cervical cancers,
MUC11-KLH antigen associated with breast carcinoma
(e.g., GenBank Accession No. J03651), CEA (carcinoem-
bryonic antigen) associated with colorectal cancer (e.g.,
GenBank Accession No. X98311), gpl100 (e.g., GenBank
Accession No. S73003) or MART1 antigens associated with
melanoma, and the PSA antigen associated with prostate
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cancer (e.g., GenBank Accession No. X14810). The p53
gene sequence is known (See e.g., Harris et al. (1986) Mol.
Cell. Biol., 6:4650-4656) and is deposited with GenBank
under Accession No. M14694. Thus, the present invention
can be used as immunotherapeutics for cancers including,
but not limited to, cervical, breast, colorectal, prostate, lung
cancers, and for melanomas.

[0143] Viral antigens are derived from known causative
agents responsible for diseases including, but not limited to,
measles, mumps, rubella, poliomyelitis, hepatitis A, B (e.g.,
GenBank Accession No. E02707), and C (e.g., GenBank
Accession No. E06890), as well as other hepatitis viruses,
influenza, adenovirus (e.g., types 4 and 7), rabies (e.g.,
GenBank Accession No. M34678), yellow fever, Japanese
encephalitis (e.g., GenBank Accession No. E07883), dengue
(e.g., GenBank Accession No. M24444), hantavirus, and
human immunodeficiency virus (e.g., GenBank Accession
No. U18552).

[0144] Suitable bacterial and parasitic antigens include
those derived from known causative agents responsible for
diseases including, but not limited to, diphtheria, pertussis
(e.g., GenBank Accession No. M35274), tetanus (e.g., Gen-
Bank Accession No. M64353), tuberculosis, bacterial and
fungal pneumonias (e.g., Haemophilus influenzae, Pneu-
mocystis carinii, etc.), cholera, typhoid, plague, shigellosis,
salmonellosis (e.g., GenBank Accession No. L103833),
Legionnaire’s Disease, Lyme disease (e.g., GenBank Acces-
sion No. U59487), malaria (e.g., GenBank Accession No.
X53832), hookworm, onchocerciasis (e.g., GenBank Acces-
sion No. M27807), schistosomiasis (e.g., GenBank Acces-
sion No. L08198), trypanosomiasis, leshmaniasis, giardiasis
(e.g., GenBank Accession No. M33641), amoebiasis, filari-
asis (e.g., GenBank Accession No. J03266), borreliosis, and
trichinosis.

[0145] Suitable heterologous nucleic acids that encode
heterologous gene products include non-translated RNAs,
such as an antisense RNA, a ribozyme, an RNAi and an
siRNA. Interfering RNA (RNAi) fragments, particularly
double-stranded (ds) RNAi, can be used to inhibit gene
expression. One approach well known in the art for inhib-
iting gene expression is short interfering RNA (siRNA)
mediated gene silencing, where the level of expression
product of a target gene is reduced by specific double
stranded siRNA nucleotide sequences that are complemen-
tary to at least a 19-25 nucleotide long segment (e.g., a 20-21
nucleotide sequence) of the target gene transcript, including
the 5' untranslated (UT) region, the ORF, or the 3' UT region.
In some embodiments, short interfering RNAs are about
19-25 nt in length. See, e.g., PCT applications WO0/44895,
W099/32619, WO01/75164, W001/92513, W001/29058,
WO0/089304, W002/16620, and W002/29858; and U.S.
Patent Publication No. 20040023390 for descriptions of
siRNA technology. The siRNA can be encoded by a nucleic
acid sequence, and the nucleic acid sequence can also
include a promoter. The nucleic acid sequence can also
include a polyadenylation signal. In some embodiments, the
polyadenylation signal is a synthetic minimal polyadelyla-
tion signal.

[0146] Target genes include any gene encoding a target
gene product (RNA or protein) that is deleterious (e.g.,
pathological); a target gene product that is malfunctioning;
a target gene product. Target gene products include, but are
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not limited to, huntington; hepatitis C virus; human immu-
nodeficiency virus; amyloid precursor protein; tau; a protein
that includes a polyglutamine repeat; a herpes virus (e.g.,
varicella zoster); any pathological virus; and the like.

[0147] As such a subject rAAV that includes a heterolo-
gous nucleic acid encoding an siRNA is useful for treating
a variety of disorders and conditions, including, but not
limited to, neurodegenerative diseases, ¢.g., a trinucleotide-
repeat disease, such as a disease associated with poly-
glutamine repeats, e.g., Huntington’s disease, spinocerebel-
lar ataxia, spinal and bulbar muscular atrophy (SBMA),
dentatorubropallidoluysian atrophy (DRPLA), etc.; an
acquired pathology (e.g., a disease or syndrome manifested
by an abnormal physiological, biochemical, cellular, struc-
tural, or molecular biological state) such as a viral infection,
e.g., hepatitis that occurs or may occur as a result of an HCV
infection, acquired immunodeficiency syndrome, which
occurs as a result of an HIV infection; and the like.

[0148] In many embodiments, a heterologous nucleic acid
encoding an siRNA is operably linked to a promoter. Suit-
able promoters are known those skilled in the art and include
the promoter of any protein-encoding gene, ¢.g., an endog-
enously regulated gene or a constitutively expressed gene.
For example, the promoters of genes regulated by cellular
physiological events, e.g., heat shock, oxygen levels and/or
carbon monoxide levels, e.g., in hypoxia, may be operably
linked to an siRNA-encoding nucleic acid.

[0149] The selected heterologous nucleotide sequence,
such as EPO-encoding or nucleic acid of interest, is operably
linked to control elements that direct the transcription or
expression thereof in the nucleotide sequence in vivo. Such
control elements can comprise control sequences normally
associated with the selected gene (e.g., endogenous cellular
control elements). Alternatively, heterologous control
sequences can be employed. Useful heterologous control
sequences generally include those derived from sequences
encoding mammalian or viral genes. Examples include, but
are not limited to, the SV40 early promoter, mouse mam-
mary tumor virus long terminal repeat (LTR) promoter;
adenovirus major late promoter (Ad MLP); a herpes simplex
virus (HSV) promoter, an endogenous cellular promoter that
is heterologous to the gene of interest, a cytomegalovirus
(CMV) promoter such as the CMV immediate early pro-
moter region (CMVIE), a rous sarcoma virus (RSV) pro-
moter, synthetic promoters, hybrid promoters, and the like.
In addition, sequences derived from nonviral genes, such as
the murine metallothionein gene, will also find use herein.
Such promoter sequences are commercially available from,
e.g., Stratagene (San Diego, Calif.).

[0150] In some embodiments, cell type-specific or tissue-
specific promoter will be operably linked to the heterologous
nucleic acid encoding the heterologous gene product, such
that the gene product is produced selectively or preferen-
tially in a particular cell type(s) or tissue(s). In some
embodiments, an inducible promoter will be operably linked
to the heterologous nucleic acid.

[0151] For example, muscle-specific and inducible pro-
moters, enhancers and the like, are useful for delivery of a
gene product to a muscle cell. Such control elements
include, but are not limited to, those derived from the actin
and myosin gene families, such as from the myoD gene
family; the myocyte-specific enhancer binding factor MEF-
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2; control elements derived from the human skeletal actin
gene and the cardiac actin gene; muscle creatine kinase
sequence elements and the murine creatine kinase enhancer
(mCK) element; control elements derived from the skeletal
fast-twitch troponin C gene, the slow-twitch cardiac tropo-
nin C gene and the slow-twitch troponin I gene; hypoxia-
inducible nuclear factors; steroid-inducible elements and
promoters, such as the glucocorticoid response element
(GRE); the fusion consensus element for RU486 induction;
and elements that provide for tetracycline regulated gene
expression.

[0152] The AAV expression vector which harbors the
DNA molecule of interest (the heterologous DNA) bounded
by AAV ITRs, can be constructed by directly inserting the
selected sequence(s) into an AAV genome which has had the
major AAV open reading frames (“ORFs”) excised there-
from. Other portions of the AAV genome can also be
deleted, so long as a sufficient portion of the ITRs remain to
allow for replication and packaging functions. Such con-
structs can be designed using techniques well known in the
art. See, e.g., US. Pat. Nos. 5,173,414 and 5,139,941,
International Publication Nos. WO 92/01070 (published Jan.
23, 1992) and WO 93/03769 (published Mar. 4, 1993);
Lebkowski et al. (1988) Molec. Cell. Biol. 8:3988-3996;
Vincent et al. (1990) Vaccines 90 (Cold Spring Harbor
Laboratory Press); Carter, B. J. (1992) Current Opinion in
Biotechnology 3:533-539; Muzyczka, N. (1992) Current
Topics in Microbiol. and Immunol. 158:97-129; Kotin, R.
M. (1994) Human Gene Therapy 5:793-801; Shelling and
Smith (1994) Gene Therapy 1:165-169; and Zhou et al.
(1994) J. Exp. Med. 179:1867-1875.

[0153] Alternatively, AAV ITRs can be excised from the
viral genome or from an AAV vector containing the same
and fused 5' and 3' of a selected nucleic acid construct that
is present in another vector using standard ligation tech-
niques, such as those described in Sambrook et al., supra.
For example, ligations can be accomplished in 20 mM
Tris-Cl1 pH 7.5, 10 mM MgCl,, 10 mM DTT, 33 ug/ml BSA,
10 mM-50 mM NaCl, and either 40 uM ATP, 0.01-0.02
(Weiss) units T4 DNA ligase at 0° C. to 16° C. (for “sticky
end” ligation) or 1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA
ligase at 14° C. (for “blunt end” ligation). Intermolecular
“sticky end” ligations are usually performed at 30-100 ug/ml
total DNA concentrations (5-100 nM total end concentra-
tion). AAV vectors which contain ITRs have been described
in, e.g., U.S. Pat. No. 5,139,941. In particular, several AAV
vectors are described therein which are available from the
American Type Culture Collection (“ATCC”) under Acces-
sion Numbers 53222, 53223, 53224, 53225 and 53226.

[0154] Additionally, chimeric genes can be produced syn-
thetically to include AAV ITR sequences arranged 5' and 3'
of one or more selected nucleic acid sequences. Preferred
codons for expression of the chimeric gene sequence in
mammalian muscle cells can be used. The complete chi-
meric sequence is assembled from overlapping oligonucle-
otides prepared by standard methods. See, e.g., Edge, Nature
(1981) 292:756; Nambair et al. Science (1984) 223:1299;
Jay et al. J. Biol. Chem. (1984) 259:6311.

[0155] In order to produce rAAV virions, an AAV expres-
sion vector is introduced into a suitable host cell using
known techniques, such as by transfection. A number of
transfection techniques are generally known in the art. See,
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e.g., Graham et al. (1973) Virology, 52:456, Sambrook et al.
(1989) Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratories, New York, Davis et al. (1986)
Basic Methods in Molecular Biology, Elsevier, and Chu et
al. (1981) Gene 13:197. Particularly suitable transfection
methods include calcium phosphate co-precipitation (Gra-
ham et al. (1973) Virol. 52:456-467), direct micro-injection
into cultured cells (Capecchi, M. R. (1980) Cell 22:479-
488), electroporation (Shigekawa et al. (1988) BioTech-
nigues 6:742-751), liposome mediated gene transfer (Man-
nino et al. (1988) BioTechniques 6:682-690), lipid-mediated
transduction (Felgner et al. (1987) Proc. Natl. Acad. Sci.
USA 84:7413-7417), and nucleic acid delivery using high-
velocity microprojectiles (Klein et al. (1987) Nature 327:70-
73).

[0156] For the purposes of the invention, suitable host
cells for producing rAAV virions include microorganisms,
yeast cells, insect cells, and mammalian cells, that can be, or
have been, used as recipients of a heterologous DNA mol-
ecule. The term includes the progeny of the original cell
which has been transfected. Thus, a “host cell” as used
herein generally refers to a cell which has been transfected
with an exogenous DNA sequence. Cells from the stable
human cell line, 293 (readily available through, e.g., the
American Type Culture Collection under Accession Number
ATCC CRL1573) are used in many embodiments. Particu-
larly, the human cell line 293 is a human embryonic kidney
cell line that has been transformed with adenovirus type-5
DNA fragments (Graham et al. (1977) J. Gen. Virol. 36:59),
and expresses the adenoviral Ela and E1b genes (Aiello et
al. (1979) Virology 94:460). The 293 cell line is readily
transfected, and provides a particularly convenient platform
in which to produce rAAV virions.

[0157] 2. AAV Helper Functions

[0158] Host cells containing the above-described AAV
expression vectors must be rendered capable of providing
AAV helper functions in order to replicate and encapsidate
the nucleotide sequences flanked by the AAV ITRs to
produce rAAV virions. AAV helper functions are generally
AAV-derived coding sequences which can be expressed to
provide AAV gene products that, in turn, function in trans for
productive AAV replication. AAV helper functions are used
herein to complement necessary AAV functions that are
missing from the AAV expression vectors. Thus, AAV helper
functions include one, or both of the major AAV ORFs,
namely the rep and cap coding regions, or functional homo-
logues thereof. In the context of the instant invention, the
cap functions include one or more mutant capsid proteins,
wherein at least one capsid protein comprises at least one
mutation, as described above.

[0159] By “AAV rep coding region” is meant the art-
recognized region of the AAV genome which encodes the
replication proteins Rep 78, Rep 68, Rep 52 and Rep 40.
These Rep expression products have been shown to possess
many functions, including recognition, binding and nicking
of the AAV origin of DNA replication, DNA helicase activity
and modulation of transcription from AAV (or other heter-
ologous) promoters. The Rep expression products are col-
lectively required for replicating the AAV genome. For a
description of the AAV rep coding region, see, e.g., Muzy-
czka, N. (1992) Current Topics in Microbiol. and Immunol.
158:97-129; and Kotin, R. M. (1994) Human Gene Therapy
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5:793-801. Suitable homologues of the AAV rep coding
region include the human herpesvirus 6 (HHV-6) rep gene
which is also known to mediate AAV-2 DNA replication
(Thomson et al. (1994) Virology 204:304-311).

[0160] AAV cap proteins include VP1, VP2, and VP3,
wherein at least one of VP1, VP2, and VP3 comprises at
least one mutation, as described above.

[0161] AAV helper functions are introduced into the host
cell by transfecting the host cell with an AAV helper
construct either prior to, or concurrently with, the transfec-
tion of the AAV expression vector. AAV helper constructs
are thus used to provide at least transient expression of AAV
rep and/or cap genes to complement missing AAV functions
that are necessary for productive AAV infection. AAV helper
constructs lack AAV ITRs and can neither replicate nor
package themselves. These constructs can be in the form of
a plasmid, phage, transposon, cosmid, virus, or virion. A
number of AAV helper constructs have been described, such
as the commonly used plasmids pAAV/Ad and pIM29+45
which encode both Rep and Cap expression products. See,
e.g., Samulski et al. (1989) J. Virol. 63:3822-3828; and
McCarty et al. (1991) J. Virol. 65:2936-2945. A number of
other vectors have been described which encode Rep and/or
Cap expression products. See, e.g., U.S. Pat. No. 5,139,941.

[0162] Both AAV expression vectors and AAV helper
constructs can be constructed to contain one or more
optional selectable markers. Suitable markers include genes
which confer antibiotic resistance or sensitivity to, impart
color to, or change the antigenic characteristics of those cells
which have been transfected with a nucleic acid construct
containing the selectable marker when the cells are grown in
an appropriate selective medium. Several selectable marker
genes that are useful in the practice of the invention include
the hygromycin B resistance gene (encoding Aminoglyco-
side phosphotranferase (APH)) that allows selection in
mammalian cells by conferring resistance to hygromycin;
the neomycin phosphotranferase gene (encoding neomycin
phosphotransferase) that allows selection in mammalian
cells by conferring resistance to G418; and the like. Other
suitable markers are known to those of skill in the art.

[0163] 3. AAV Accessory Functions

[0164] The host cell (or packaging cell) must also be
rendered capable of providing non AAV derived functions,
or “accessory functions,” in order to produce rAAV virions.
Accessory functions are non AAV derived viral and/or
cellular functions upon which AAV is dependent for its
replication. Thus, accessory functions include at least those
non AAV proteins and RNAs that are required in AAV
replication, including those involved in activation of AAV
gene transcription, stage specific AAV mRNA splicing, AAV
DNA replication, synthesis of Cap expression products and
AAV capsid assembly. Viral-based accessory functions can
be derived from any of the known helper viruses.

[0165] Particularly, accessory functions can be introduced
into and then expressed in host cells using methods known
to those of skill in the art. Commonly, accessory functions
are provided by infection of the host cells with an unrelated
helper virus. A number of suitable helper viruses are known,
including adenoviruses; herpesviruses such as herpes sim-
plex virus types 1 and 2; and vaccinia viruses. Nonviral
accessory functions will also find use herein, such as those
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provided by cell synchronization using any of various
known agents. See, e.g., Buller et al. (1981) J. Virol.
40:241-247; McPherson et al. (1985) Virology 147:217-222;
Schlehofer et al. (1986) Virology 152:110-117.

[0166] Alternatively, accessory functions can be provided
using an accessory function vector. Accessory function
vectors include nucleotide sequences that provide one or
more accessory functions. An accessory function vector is
capable of being introduced into a suitable host cell in order
to support efficient AAV virion production in the host cell.
Accessory function vectors can be in the form of a plasmid,
phage, transposon, cosmid, or another virus. Accessory
vectors can also be in the form of one or more linearized
DNA or RNA fragments which, when associated with the
appropriate control elements and enzymes, can be tran-
scribed or expressed in a host cell to provide accessory
functions.

[0167] Nucleic acid sequences providing the accessory
functions can be obtained from natural sources, such as from
the genome of an adenovirus particle, or constructed using
recombinant or synthetic methods known in the art. In this
regard, adenovirus-derived accessory functions have been
widely studied, and a number of adenovirus genes involved
in accessory functions have been identified and partially
characterized. See, e.g., Carter, B. J. (1990) “Adeno-Asso-
ciated Virus Helper Functions,” in CRC Handbook of Par-
voviruses, vol. I (P. Tijssen, ed.), and Muzyczka, N. (1992)
Curr. Topics. Microbiol. and Immun. 158:97-129. Specifi-
cally, early adenoviral gene regions Ela, E2a, E4, VAI RNA
and, possibly, E1b are thought to participate in the accessory
process. Janik et al. (1981) Proc. Natl. Acad. Sci. USA
78:1925-1929. Herpesvirus-derived accessory functions
have been described. See, e.g., Young et al. (1979) Prog.
Med. Virol. 25:113. Vaccinia virus-derived accessory func-
tions have also been described. See, e.g., Carter, B. J. (1990),
supra., Schlehofer et al. (1986) Virology 152:110-117.

[0168] As a consequence of the infection of the host cell
with a helper virus, or transfection of the host cell with an
accessory function vector, accessory functions are expressed
which transactivate the AAV helper construct to produce
AAV Rep and/or Cap proteins. The Rep expression products
excise the recombinant DNA (including the DNA of interest,
e.g., the heterologous nucleic acid) from the AAV expression
vector. The Rep proteins also serve to duplicate the AAV
genome. The expressed Cap proteins assemble into capsids,
and the recombinant AAV genome is packaged into the
capsids. Thus, productive AAV replication ensues, and the
DNA is packaged into rAAV virions.

[0169] Following recombinant AAV replication, rAAV
virions can be purified from the host cell using a variety of
conventional purification methods, such as CsCl gradients.
Further, if infection is employed to express the accessory
functions, residual helper virus can be inactivated, using
known methods. For example, adenovirus can be inactivated
by heating to temperatures of approximately 60° C. for, e.g.,
20 minutes or more. This treatment effectively inactivates
only the helper virus since AAV is extremely heat stable
while the helper adenovirus is heat labile.

[0170] The resulting rAAV virions are then ready for use
for DNA delivery, such as in gene therapy applications, or
for the delivery of a gene product to a mammalian host.
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[0171] Delivery of a Gene Product

[0172] The present invention further provides methods of
delivering a gene product to an individual in need thereof.
The methods generally involve introducing a subject rAAV
virion into an individual.

[0173] Generally, rAAV virions are introduced into a cell
using either in vivo or in vitro transduction techniques. If
transduced in vitro, the desired recipient cell will be
removed from the subject, transduced with rAAV virions
and reintroduced into the subject. Alternatively, syngeneic or
xenogeneic cells can be used where those cells will not
generate an inappropriate immune response in the subject.

[0174] Suitable methods for the delivery and introduction
of transduced cells into a subject have been described. For
example, cells can be transduced in vitro by combining
recombinant AAV virions with cells e.g., in appropriate
media, and screening for those cells harboring the DNA of
interest using conventional techniques such as Southern
blots and/or PCR, or by using selectable markers. Trans-
duced cells can then be formulated into pharmaceutical
compositions, described more fully below, and the compo-
sition introduced into the subject by various techniques,
such as by intramuscular, intravenous, subcutaneous and
intraperitoneal injection.

[0175] For in vivo delivery, the rAAV virions will be
formulated into pharmaceutical compositions and will gen-
erally be administered parenterally (e.g., administered via an
intramuscular, subcutaneous, intratumoral, transdermal,
intrathecal, etc., route of administration.

[0176] Pharmaceutical compositions will comprise suffi-
cient genetic material to produce a therapeutically effective
amount of the gene product of interest, i.e., an amount
sufficient to reduce or ameliorate symptoms of the disease
state in question or an amount sufficient to confer the desired
benefit. The pharmaceutical compositions will also contain
a pharmaceutically acceptable excipient. Such excipients
include any pharmaceutical agent that does not itself induce
the production of antibodies harmful to the individual
receiving the composition, and which may be administered
without undue toxicity. Pharmaceutically acceptable excipi-
ents include, but are not limited to, liquids such as water,
saline, glycerol and ethanol. Pharmaceutically acceptable
salts can be included therein, for example, mineral acid salts
such as hydrochlorides, hydrobromides, phosphates, sul-
fates, and the like; and the salts of organic acids such as
acetates, propionates, malonates, benzoates, and the like.
Additionally, auxiliary substances, such as wetting or emul-
sifying agents, pH buffering substances, and the like, may be
present in such vehicles. A wide variety of pharmaceutically
acceptable excipients are known in the art and need not be
discussed in detail herein. Pharmaceutically acceptable
excipients have been amply described in a variety of pub-
lications, including, for example, A. Gennaro (2000) “Rem-
ington: The Science and Practice of Pharmacy,” 20th edi-
tion, Lippincott, Williams, & Wilkins; Pharmaceutical
Dosage Forms and Drug Delivery Systems (1999) H. C.
Aunsel et al., eds., 7" ed., Lippincott, Williams, & Wilkins;
and Handbook of Pharmaceutical Excipients (2000) A. H.
Kibbe et al., eds., 3™ ed. Amer. Pharmaceutical Assoc.

[0177] Appropriate doses will depend on the mammal
being treated (e.g., human or nonhuman primate or other
mammal), age and general condition of the subject to be
treated, the severity of the condition being treated, the
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particular therapeutic protein in question, its mode of admin-
istration, among other factors. An appropriate effective
amount can be readily determined by one of skill in the art.

[0178] Thus, a “therapeutically effective amount” will fall
in a relatively broad range that can be determined through
clinical trials. For example, for in vivo injection, i.e., injec-
tion directly to skeletal or cardiac muscle, a therapeutically
effective dose will be on the order of from about 10° to about
10%° of the rAAV virions, e.g., from about 10° to 10*2 rAAV
virions. For in vitro transduction, an effective amount of
rAAV virions to be delivered to cells will be on the order of
from about 10% to about 10> of the rAAV virions. Other
effective dosages can be readily established by one of
ordinary skill in the art through routine trials establishing
dose response curves.

[0179] Dosage treatment may be a single dose schedule or
a multiple dose schedule. Moreover, the subject may be
administered as many doses as appropriate. One of skill in
the art can readily determine an appropriate number of
doses.

[0180] In some embodiments, the present invention pro-
vides methods of delivering a gene product to a stem cell. In
these embodiments, a subject rAAV virion is introduced into
a stem cell, either in vitro or in vivo. Stem cells of interest
include hematopoietic stem cells and progenitor cells
derived therefrom (U.S. Pat. No. 5,061,620); neural crest
stem cells (see Morrison et al. (1999) Cell 96:737-749);
adult neural stem cells or neural progenitor cells; embryonic
stem cells; mesenchymal stem cells; mesodermal stem cells;
etc. Other hematopoietic “progenitor” cells of interest
include cells dedicated to lymphoid lineages, e.g. immature
T cell and B cell populations.

[0181] Purified populations of stem or progenitor cells
may be used. For example, human hematopoietic stem cells
may be positively selected using antibodies specific for
CD34, thy-1; or negatively selected using lineage specific
markers which may include glycophorin A, CD3, CD24,
CD16, CD14, CD38, CD45RA, CD36, CD2, CD19, CD56,
CD66a, and CD66b; T cell specific markers, tumor specific
markers, etc. Markers useful for the separation of mesoder-
mal stem cells include FcyRII, FeyRIII, Thy-1, CD44, VLA-
4a, LFA-18, HSA, ICAM-1, CD45, Aa4.1, Sca-1, etc.
Neural crest stem cells may be positively selected with
antibodies specific for low-affinity nerve growth factor
receptor (LNGFR), and negatively selected for the markers
sulfatide, glial fibrillary acidic protein (GFAP), myelin pro-
tein P_, peripherin and neurofilament. Human mesenchymal
stem cells may be positively separated using the markers
SH2, SH3 and SH4.

[0182] The cells of interest are typically mammalian,
where the term refers to any animal classified as a mammal,
including humans, domestic and farm animals, and zoo,
laboratory, sports, or pet animals, such as dogs, horses, cats,
cows, mice, rats, rabbits, etc. In some embodiments, the
stem cell is a human stem cell.

[0183] The cells which are employed may be fresh, frozen,
or have been subject to prior culture. They may be fetal,
neonate, adult. Hematopoietic cells may be obtained from
fetal liver, bone marrow, blood, particularly G-CSF or
GM-CSF mobilized peripheral blood, or any other conven-
tional source. The manner in which the stem cells are
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separated from other cells of the hematopoietic or other
lineage is not critical to this invention. As described above,
a substantially homogeneous population of stem or progeni-
tor cells may be obtained by selective isolation of cells free
of markers associated with differentiated cells, while dis-
playing epitopic characteristics associated with the stem
cells.

[0184] Any of a variety of proteins can be delivered to an
individual using a subject method. Suitable proteins include,
but are not limited to, an interferon (e.g., IFN-y, IFN-,
IFN-f, IFN-w; IFN-7); an insulin (e.g., Novolin, Humulin,
Humalog, Lantus, Ultralente, etc.); an erythropoietin
(“EPO”; e.g., Procrit®, Eprex®, or Epogen® (epoetin-av);
Aranesp® (darbepoietin-a); NeoRecormon®, Epogin®
(epoetin-f); and the like); an antibody (e.g., a monoclonal
antibody) (e.g., Rituxan® (rituximab); Remicade® (inflix-
imab); Herceptin® (trastuzumab); Humira™ (adalimumab);
Xolair® (omalizumab); Bexxar® (tositumomab); Raptiva™
(efalizumab); Erbitux™ (cetuximab); and the like), includ-
ing an antigen-binding fragment of a monoclonal antibody;
a blood factor (e.g., Activase® (alteplase) tissue plasmino-
gen activator; NovoSeven® (recombinant human factor
VIIa); Factor VIIa; Factor VIII (e.g., Kogenate®); Factor
IX; B-globin; hemoglobin; and the like); a colony stimulat-
ing factor (e.g., Neupogen® (filgrastim; G-CSF); Neulasta
(pegfilgrastim); granulocyte colony stimulating factor
(G-CSF), granulocyte-monocyte colony stimulating factor,
macrophage colony stimulating factor, megakaryocyte
colony stimulating factor; and the like); a growth hormone
(e.g., a somatotropin, e.g., Genotropin®, Nutropin®, Nor-
ditropin®, Saizen®, Serostim®, Humatrope®, etc.; a human
growth hormone; and the like); an interleukin (e.g., IL-1;
IL-2, including, e.g., Proleukin®; IL-3, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9; etc.); a growth factor (e.g., Regranex®
(beclapermin; PDGF); Fiblast® (trafermin; bFGF); Stem-
gen® (ancestim; stem cell factor); keratinocyte growth
factor; an acidic fibroblast growth factor, a stem cell factor,
a basic fibroblast growth factor, a hepatocyte growth factor;
and the like); a soluble receptor (e.g., a TNF-a-binding
soluble receptor such as Enbrel® (etanercept); a soluble
VEGEF receptor; a soluble interleukin receptor; a soluble /8
T cell receptor; and the like); an enzyme (e.g., a-glucosi-
dase; Cerazyme® (imiglucarase; [3-glucocerebrosidase,
Ceredase® (alglucerase); an enzyme activator (e.g., tissue
plasminogen activator); a chemokine (e.g., IP-10; Mig;
Groa/IL-8, RANTES; MIP-1a; MIP-13; MCP-1; PF-4; and
the like); an angiogenic agent (e.g., vascular endothelial
growth factor (VEGF); an anti-angiogenic agent (e.g., a
soluble VEGF receptor); a protein vaccine; a neuroactive
peptide such as bradykinin, cholecystokinin, gastin, secretin,
oxytocin, gonadotropin-releasing hormone, beta-endorphin,
enkephalin, substance P, somatostatin, prolactin, galanin,
growth hormone-releasing hormone, bombesin, dynorphin,
neurotensin, motilin, thyrotropin, neuropeptide Y, luteiniz-
ing hormone, calcitonin, insulin, glucagon, vasopressin,
angiotensin II, thyrotropin-releasing hormone, vasoactive
intestinal peptide, a sleep peptide, etc.; other proteins such
as a thrombolytic agent, an atrial natriuretic peptide, bone
morphogenic protein, thrombopoietin, relaxin, glial fibril-
lary acidic protein, follicle stimulating hormone, a human
alpha-1 antitrypsin, a leukemia inhibitory factor, a trans-
forming growth factor, an insulin-like growth factor, a
luteinizing hormone, a macrophage activating factor, tumor
necrosis factor, a neutrophil chemotactic factor, a nerve
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growth factor a tissue inhibitor of metalloproteinases; a
vasoactive intestinal peptide, angiogenin, angiotropin,
fibrin; hirudin; a leukemia inhibitory factor; an IL-1 receptor
antagonist (e.g., Kineret® (anakinra)); an ion channel, e.g.,
cystic fibrosis transmembrane conductance regulator
(CFTR); dystrophin; utrophin, a tumor suppressor; lysoso-
mal enzyme acid a-glucosidase (GAA); and the like. Pro-
teins that can be delivered using a subject method also
include a functional fragment of any of the aforementioned
proteins; and functional variants of any of the aforemen-
tioned proteins.

[0185] In some embodiments, a therapeutically effective
amount of a protein is produced in the mammalian host.
Whether a therapeutically effective amount of a particular
protein is produced in the mammalian host using a subject
method is readily determined using assays appropriate to the
particular protein. For example, where the protein is EPO,
hematocrit is measured.

[0186] Where the rAAV encodes an antigenic protein,
suitable antigenic proteins that can be delivered to an
individual using a subject method include, but are not
limited to, tumor-associated antigens, autoantigens (“self”
antigens), viral antigens, bacterial antigens, protozoal anti-
gens, and allergens; and antigenic fragments thereof In some
embodiments, a cytotoxic T lymphocyte (CTL) response to
the rAAV-encoded antigenic protein will be induced in the
mammalian host. In other embodiments, a humoral response
to the rAAV-encoded antigenic protein will be induced in the
mammalian host, such that antibodies specific to the anti-
genic protein are generated. In many embodiments, a THI
immune response to the rAAV-encoded antigenic protein
will be induced in the mammalian host. Whether an immune
response to the antigenic protein has been generated is
readily determined using well-established methods. For
example, an enzyme-linked immunosorbent assay can be
used to determine whether antibody to an antigenic protein
has been generated. Methods of detecting antigen-specific
CTL are well known in the art. For example, a detectably
labeled target cell expressing the antigenic protein on its
surface is used to assay for the presence of antigen-specific
CTL in a blood sample.

[0187] Nucleic acids that can be delivered to an individual
using a subject method include non-translated RNAs, such
as an antisense RNA, a ribozyme, an RNAi and an siRNA.
In some embodiments, a therapeutically effective amount of
the non-translated RNA is produced in the mammalian host.
Whether a therapeutically effective amount of a non-trans-
lated RNA has been delivered to a mammalian host using a
subject method is readily determined using any appropriate
assay. For example, where the gene product is an siRNA that
inhibits HIV, viral load can be measured.

[0188] Methods of Generating Mutant AAV Virions

[0189] The present invention provides a method of gen-
erating a mutant AAV virion comprising one or more muta-
tions in one or more of VP1, VP2, and VP3. The method
generally involves generating a mutant AAV library; and
selecting the library for capsid mutants with altered capsid
properties. The present invention further provides mutant
AAV libraries, and compositions comprising the mutant
AAV libraries.

[0190] In some embodiments, a given selection step is
repeated two, three, four, or more times to enrich a subject
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AAV library for altered capsid properties. In some embodi-
ments, following selection of an AAV library, individual
clones are isolated and sequenced.

[0191] Generation of Mutant AAV Library

[0192] A mutant AAV library is generated that comprises
one or more mutations in an AAV cap gene. Mutations in the
AAV cap gene are generated using any known method.
Suitable methods for mutagenesis of an AAV cap gene
include, but are not limited to, a polymerase chain reaction
(PCR)-based method, oligonucleotide-directed mutagenesis,
and the like. Methods for generating mutations are well
described in the art. See, e.g., Zhao et al. (1998) Nat.
Biotechnol. 16:234-235; U.S. Pat. No. 6,579,678, U.S. Pat.
No. 6,573,098; and U.S. Pat. No. 6,582,914.

[0193] Insome embodiments, a mutant AAV library com-
prising mutations in the cap gene will be generated using a
staggered extension process. The staggered extension pro-
cess involves amplification of the cap gene using a PCR-
based method. The template cap gene is primed using
specific PCR primers, followed by repeated cycles of dena-
turation and very short annealing/polymerase-catalyzed
extension. In each cycle, the growing fragments anneal to
different templates based on sequence complementarity and
extend further. The cycles of denaturation, annealing, and
extension are repeated until full-length sequences form. The
resulting full-length sequences include at least one mutation
in the cap gene compared to a wild-type AAV cap gene.

[0194] The PCR products comprising AAV cap sequences
that include one or more mutations are inserted into a
plasmid containing a wild-type AAV genome. The result is
a library of AAV cap mutants. Thus, the present invention
provides a mutant AAV cap gene library comprising from
about 10 to about 10*° members, and comprising mutations
in the AAV cap gene. A given member of the library has from
about one to about 50 mutations in the AAV cap gene. A
subject library comprises from 10 to about 10° distinct
members, each having a different mutation(s) in the AAV
cap gene.

[0195] Once a cap mutant library is generated, viral par-
ticles are produced that can then be selected on the basis of
altered capsid properties. Library plasmid DNA is trans-
fected into a suitable host cell (e.g., 293 cells), followed by
introduction into the cell of helper virus. Viral particles
produced by the transfected host cells (“AAV library par-
ticles) are collected.

[0196] Library Selection

[0197] Once a library is generated, it is selected for a
particular capsid property. Viral particles are generated as
discussed above, and subjected to one or more selection
steps. Capsid properties that are selected for include, but are
not limited to: 1) increased heparin binding affinity relative
to wild-type AAV, 2) decreased heparin binding affinity
relative to wild-type AAV; 3) increased infectivity of a cell
that is resistant to infection with AAV; 4) increased evasion
of neutralizing antibodies; and 5) increased ability to cross
an endothelial cell layer.

[0198] 1. Selection for Altered Heparin Binding

[0199] In some embodiments, a subject library is selected
for altered heparin binding, including increased heparin
binding and decreased heparin binding relative to wild-type
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AAV virion heparin binding. AAV library particles are
contacted with a heparin affinity matrix. For example, AAV
library particles are loaded onto a heparin affinity column
under conditions that permit binding of the AAV library
particles to the heparin. Exemplary conditions include
equilibration of the column with 0.15 M NaCl and 50 mM
Tris at pH 7.5. After allowing the AAV library particle to
bind to the heparin affinity matrix, the AAV library particle/
heparin affinity matrix complex is washed with volumes of
buffer containing progressively increasing concentrations of
NaCl, and at each NaCl concentration, eluted AAV library
particles are collected. For example, after binding the AAV
library particle/heparin affinity matrix complex is washed
with a volume of 50 mM Tris buffer, pH 7.5, containing 200
mM NaCl, and eluted AAV library particles are collected.
The elution step is repeated with a 50 mM Tris buffer, pH
7.5, containing about 250 mM NaCl, about 300 mM NaCl,
about 350 mM, about 400 mM NaCl, about 450 mM NaCl,
about 500 mM NaCl, about 550 mM NaCl, about 600 mM
NaCl, about 650 mM NaCl, about 700 mM NaCl, or about
750 mM NaClL

[0200] AAV library particles that elute at NaCl concen-
trations lower than about 450 mM NaCl exhibit decreased
heparin binding properties relative to wild-type AAV. AAV
library particles that elute at NaCl concentrations higher
than about 550 mM NaCl exhibit increased heparin binding
properties relative to wild-type AAV.

[0201] Insome embodiments, eluted AAV library particles
are amplified by co-infection of permissive cells with a
helper virus, and are re-fractionated on heparin affinity
matrix. This step can be repeated a number of times to enrich
for AAV library particles with altered heparin binding prop-
erties.

[0202] 2. Selection for Reduced Binding to Neutralizing
Antibodies

[0203] In some embodiments, a subject AAV library is
selected for reducing binding to neutralizing antibodies that
bind to an neutralize wild-type AAV virions, compared to
the binding of such antibodies to wild-type AAV virions and
neutralization of wild-type AAV virions. AAV library par-
ticles are contacted with neutralizing antibodies and the
ability of the AAV library particles to infect a permissive
host cell is tested. Typically, AAV library particles are
contacted with various concentrations of neutralizing anti-
bodies. The higher the concentration of neutralizing anti-
bodies that is required to reduce infectivity of the AAV
library particles, the more resistant the AAV particles are to
neutralization.

[0204] 3. Selection for Increased Infectivity of Non-Per-
missive Cells

[0205] In some embodiments, a subject AAV library is
selected for increased infectivity of non-permissive cells.
AAV library particles are contacted with a non-permissive
cell (e.g., a population of non-permissive cells). After a
suitable amount of time to allow for infection of the cells
with AAV library particles, helper virus is added, and AAV
library particles that successfully infected the non-permis-
sive cell(s) are harvested. In some embodiments, the cycle of
infection, addition of helper virus, and harvesting of AAV
particles is repeated one, two, three, or more times.

[0206] In the present methods, one or more selection steps
may follow generation of AAV library particles. For

Mar. 10, 2005

example, in some embodiments, the method comprises
selecting for increased heparin binding, followed by select-
ing for decreased binding to neutralizing antibodies. In other
embodiments, the method comprises selecting for decreased
binding to neutralizing antibodies, followed by selecting for
increased heparin binding. In other embodiments, the
method comprises selecting for decreased heparin binding,
followed by selecting for decreased binding to neutralizing
antibodies. In other embodiments, the method comprises
selecting for decreased binding to neutralizing antibodies,
followed by selecting for decreased heparin binding. In
other embodiments, the method comprises selecting for
decreased binding to neutralizing antibodies, followed by
selecting for increased infectivity of a stem cell.

[0207] Thus, the present invention provides an adeno-
associated virus (AAV) library, that includes a plurality of
nucleic acids, each of which nucleic acids include a nucle-
otide sequence that encodes a mutant AAV capsid protein.
The encoded mutant AAV capsid protein includes at least
one amino acid substitution relative to a wild-type AAV
capsid protein. The present invention provides a library of
mutant adeno-associated virus (AAV) particles, including a
plurality of AAV particles each of which includes an AAV
capsid protein that includes at least one amino acid substi-
tution relative to a wild-type AAV capsid protein. Nucleic
acids encoding mutant AAV capsid proteins are described
above, as are the properties of the encoded mutant AAV
capsid proteins.

EXAMPLES

[0208] The following examples are put forth so as to
provide those of ordinary skill in the art with a complete
disclosure and description of how to make and use the
present invention, and are not intended to limit the scope of
what the inventors regard as their invention nor are they
intended to represent that the experiments below are all or
the only experiments performed. Efforts have been made to
ensure accuracy with respect to numbers used (e.g. amounts,
temperature, etc.) but some experimental errors and devia-
tions should be accounted for. Unless indicated otherwise,
parts are parts by weight, molecular weight is weight aver-
age molecular weight, temperature is in degrees Centigrade,
and pressure is at or near atmospheric. Standard abbrevia-
tions may be used, e.g., bp, base pair(s); kb, kilobase(s); pl,
picoliter(s); s, second(s); min, minute(s); hr, hour(s); and the
like.

Example 1

Generation and Characterization of AAV Capsid
Variants

[0209] Methods
[0210] Library Generation and Vector Packaging

[0211] An AAV2 cap ORF genetic library was generated
using the staggered extension process described by Zhao at
al. ((1998) Nat. Biotechnol. 16:258-261), and the resulting
cap product was inserted into a plasmid containing the wild
type AAV2 genome. The result was transformed into E. coli
for large scale plasmid production and purification. AAV
was then produced and purified by CsCl centrifugation
essentially as previously described (Kaspar et al. (2002)
Proc. Natl. Acad. Sci. USA 99:2320-2325; and Lai et al.
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(2003) Nat. Neurosci. 6:21-27). Briefly, the library plasmid
DNA was transfected into 293 human embryonic kidney
cells (ATCC) using the calcium phosphate method, followed
by addition of serotype 5 adenovirus (Ad5) at a multiplicity
of infection (MOI) of 3. Virus was purified using CsCl
density centrifugation. For all experiments, the AAV
genomic titer was determined by extracting vector DNA as
previously described (Kaspar et al. supra; and Lai et al.,
supra) followed by quantification using real time PCR with
SYBR-Green dye (Molecular Probes) and a Biorad iCycler.

[0212] Heparin Column Chromatography

[0213] Approximately 10" AAV library particles were
loaded onto a 1 mL HiTrap heparin column (Amersham)
previously equilibrated with 0.15 M NaCl and 50 mM Tris
at pH 7.5. Washes were performed using 0.75 ml volumes of
the same buffer with increasing increments of 50 mM NaCl
up to 750 mM, followed by a 1 M wash. As a control,
rAAV-GFP was also subjected to heparin affinity chroma-
tography. To isolate individual viral clones from library
fractions that eluted at different salt concentrations, viral
DNA was extracted from the fractions, amplified by PCR,
and inserted into a rAAV packaging plasmid based on pAdS.
rAAV-GFP was then packaged in order to analyze the ability
of these mutant capsids to package rAAV vector. Capsid
variants were sequenced at the U.C. Berkeley DNA sequenc-
ing facility. Finally, the affinity of the variant capsids for
heparin was quantified by using the method of Qiu et al.
((2000) Virol. 269:137-147), except that virus bound to the
immobilized heparin was quantified by real time PCR.

[0214] Antisera Generation and Antibody Neutralization
Screen

[0215] Polyclonal sera containing neutralizing antibodies
(NABs) against AAV2 were generated in two New Zealand
White rabbits in accordance with the U.C. Berkeley Animal
Care and Use Committee and NIH standards for laboratory
animal care. Briefly, 5x10'° CsCl-purified rAAV?2 particles
were mixed with 0.5 mL TitreMax adjuvant (CytRx) and
injected into the anterior hindlimb muscle. Two boosts were
performed at 3-week intervals using the same AAV dosage,
followed by antiserum collection.

[0216] Both wild type and a mutant AAV library were
incubated with varying amounts of serum (0-6.25 ul) in 75
ul of phosphate-buffered saline (PBS) (pH 7.4) for 30
minutes at room temperature, followed by addition to 2.5x
10° 293 cells in a 6-well format. After 48 hours, AAV was
rescued from infected cells by addition of AdS, and cells
were harvested 24 hours later.

[0217] Individual viral clones from the library fraction that
successfully infected cells even in the presence of NAB
were inserted into the rAAV packaging plasmid, and rAAV-
GFP was produced as above. rAAV with mutant capsids
were then incubated in 5 ul polyclonal sera as above,
followed by addition to 1x10° 293 cells. At 72 hours
post-infection, the fraction of green cells was quantified by
flow cytometry at the U.C. Berkeley Cancer Center (Beck-
man-Coulter EPICS).

[0218] Results
[0219] Library Generation

[0220] The staggered extension process (Zhao et al.,
supra), a polymerase chain reaction (PCR)-based method
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that generates diverse genetic libraries in a manner similar to
that of DNA shuffling, was used to generate a library of cap
mutants with point mutations randomly distributed through-
out VP1-3. This product was inserted into a plasmid con-
taining the complete wild type AAV genome to yield a viral
library with approximately 10° independent clones, as deter-
mined by quantifying the number of colonies following
bacterial transformation. To assess its degree of sequence
diversity, the plasmid library was sequenced. The plasmid
was then packaged into virus by transient transfection into
293 cells followed by Ad5 infection to yield a viral particle
library. This large AAV library is selected for viral variants
with any variety of new properties or functions, and the
capsid structure conferring these new functions are readily
recovered by DNA sequence analysis of the AAV genome
encapsidated in the particles.

[0221] Heparin Binding Mutants

[0222] As an initial gauge of how the library’s sequence
diversity translated into capsid functional diversity, CsCI-
purified library particles were subjected to heparin affinity
chromatography with steps of increasing NaCl concentra-
tion. As previously reported (Zolotukhin et al. (1999) Gene
Ther. 6:973-985) wild type AAV elutes from heparin
between 450 and 550 mM NaCl (FIG. 1). In stark contrast,
the AAV mutant library elutes at a wide range of salt
concentrations, from the 150 mM load to the final 750 mM
fraction. This result demonstrates that the library encom-
passes significant sequence and functional diversity. Since
its affinity for heparan sulfate limits the spread of rAAV2
vectors upon injection in vivo, lower affinity mutants may be
desirable as gene delivery vectors when wide dissemination
through a large tissue or region is needed. In contrast, a
higher affinity mutant may be advantageous for regionally
pinpointed, high level gene expression.

[0223] FIGS. 1a and 1b. Heparin binding characteristics
of wild type AAV vs. the viral library. a) The heparin affinity
column chromatogram of elution of wild type AAV (hatched
bars) and the mutant library (open bars) is shown. Virus
gradually elutes from the column as the NaCl concentration
is increased. b) Chromatograms of pools from the mutant
library selected for lower (hatched bars) and higher (open
bars) heparin affinities.

[0224] To isolate mutants with both low and high heparin
affinity, the 150 mM and 700 mM NacCl fractions from the
initial library were separately amplified by co-infection of
293 cells with AdS, and refractionated on the heparin
column. After three rounds of enrichment, the majority of
the two resulting viral pools eluted from the column at 150
mM and 750 mM (FIG. 1b). Importantly, since each round
of enrichment involved 293 cell infection, these pools are
still composed of highly infectious virus. Next, individual
capsid clones were isolated from each of these salt fractions
and sequenced.

[0225] The fact that these mutants eluted from the heparin
column at different salt concentrations indicates that they
had different affinities for heparin. To accurately measure
these affinities, however, the method of Qiu et al supra can
be used. By performing Scatchard binding analysis of virus
to heparin immobilized to microtiter plates, the difference in
the affinity of the mutants for heparin, compared to the
affinity of wild-type AAV for heparin, is determined.
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[0226] Neutralizing Antiserum Escape Mutants

[0227] The isolation of functionally diverse heparin bind-
ing mutants from our AAV mutant library demonstrates the
utility of this approach for creating vectors with novel
properties. This approach was applied to a much more
significant problem: vector elimination by neutralizing anti-
bodies. Rabbit anti-AAV?2 neutralizing antiserum was gen-
erated, and a 1:1500 serum dilution was sufficient to inhibit
rAAV-GFP gene delivery to 293 cells by 50%, comparable
to NAB titers in human serum.

[0228] FIGS. 24 and 2b. Generation of antibody neutral-
ization escape mutants. a) Virus was incubated with antise-
rum before addition to 293 cells. The level of virus that
successfully evaded antibody neutralization as compared to
control infection in the absence of antiserum was measured
by addition of Ad5 and titering of rescued AAV by quanti-
tative real time PCR on AAV genomes. b) The data on
individual variants is presented.

[0229] Antibody escape mutants were isolated from the
viral library. During successive rounds of selection, the
library was subjected to increasing stringencies, where strin-
gency is defined as the ratio of the dilution necessary to
reduce rAAV2 with wild type capsid by 50% (a 1500-fold
for the rabbit antiserum) to the dilution actually used.
Therefore, the more antiserum added to the virus, the higher
the stringency. After three rounds of selection, followed by
co-infection of 293 cells with Ad5 for amplification, the
resulting viral pool was less susceptible to antibody neu-
tralization as compared to wild type virus. Next, five indi-
vidual capsid clones from this pool were analyzed by using
them to package rAAV-GFP. The results demonstrated that
the resulting recombinant vector is between 100 and 1000-
fold more resistant to neutralizing antibodies. This is a
therapeutically relevant result.

[0230] Neutralizing antibody inhibition of rAAV gene
delivery can be observed as follows. rAAV2 with wild type
capsid is added to 293 cells and visualized after 24 hours.
Virus is visualized in green (Alexa 488), microtubules in red
(Alexa 546), and the nucleus in blue (TO-PRO-3). After
preincubation in neutralizing antiserum, the intracellular
transport of rAAV?2 with wild type capsid is expected to be
significantly inhibited.

[0231] In FIGS. 3A-C, the cap nucleotide sequences of
two neutralizing antibody escape mutants is shown, com-
pared to wild-type cap sequence.

Example 2

Characterization of Further AAV Capsid Variants

[0232] AV mutants—including antibody evaders, mutants
with reduced heparin binding, and mutants with increased
heparin binding—were generated as follows.

[0233] Library Generation:

[0234] A combination of error prone PCR and the stag-
gered extension process (StEP) was used to generate a
library of mutant DNA fragments encoding the capsid
protein. This library was then inserted into a plasmid in order
to package it into virus, by transfection of these plasmids
plus an adenoviral helper plasmid into 293 cells. The library
was then purified by cesium chloride density centrifugation.
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[0235] Selection:

[0236] The library was then passed through screening
steps. For example, for the antibody evasion mutant, a
sample of the library was mixed together with polyclonal
anti-AAV antiserum, then added to 293 cells. Addition of
adenovirus amplifies the variants that are able to success-
fully evade the antiserum.

[0237] After amplification of the ‘successful’ variants
(e.g., variants that infected the 293 cells in the presence of
anti-AAV antibody) in 293 cells, the variants were purified,
mixed again with antiserum, and allowed to infect 293 cells,
and finally reamplified with adenovirus to further enrich for
variants. After several rounds of enrichment, the viral DNA
was purified, cloned, and sequenced to determine which
mutations resulted in successful variants.

[0238] Generating Vector:

[0239] At this point, only the viral capsid DNA had been
used to package replication competent virus, i.e. viruses
with a genome that contained rep and the mutant cap genes
and were therefore capable of replicating in the presence of
adenovirus. However, to use the variants in a gene therapy
setting, it was important to use the mutant cap gene to
package recombinant particles containing a therapeutic
gene. To demonstrate that the mutant cap genes described
herein are capable of packaging recombinant virus, the cap
gene was moved into a packaging/helper plasmid. Addition
of this helper along with an adenoviral helper plasmid and
a vector plasmid containing a promoter driving the expres-
sion of a reporter gene (GFP) to cells results in the genera-
tion of recombinant particles.

[0240] Antibody Evasion Mutants

[0241] Two sources of antiserum were used to generate
antibody evasion mutants. One is rabbit serum that was
generated by injecting rabbits with wild type AAV particles
(Anti-AAV Rabbit Serum produced from New Zealand
White rabbits). The second is human serum pooled from a
number of individuals (Sigma Product #H-1388; Lot
#122K0424; Origin: 40 North American donors).

[0242] Heparin Binding Mutants

[0243] To generate heparin binding mutants, CsCl-puri-
fied library viral particles were subjected to heparin affinity
chromatography with steps of increasing NaCl concentra-
tion, as described in Example 1. Mutants with reduced
heparin binding were eluted with the same NaCl concentra-
tion used to load the viral particles (e.g., 0.15 M NaCl).
Mutants with reduced heparin binding were eluted at
between 650-700 mM NaCl.

[0244] Characterization

[0245] Tables 1-4, below, provide the location of the
amino acid differences in VP1 from wild-type AAV VP1 for
the various mutants. All amino acid differences are relative
to the VP1 amino acid sequence shown in FIGS. 5A-C (SEQ
ID NO:5). VP-1-encoding nucleotide sequence of the vari-
ous mutants are provided in FIGS. 4A-G, FIGS. 6A-J, and
FIGS. 8A-G. In FIGS. 4A-G, FIGS. 6A-J, and FIGS. 8A-G,
nucleotide differences from wild-type AAV-2 VP1 are
shown in bold. VP-1 amino acid sequences of the various
mutants are provided in FIGS. 5A-C, FIGS. 7A-D, and
FIGS. 9A-C. In FIGS. 5A-C, FIGS. 7A-D, and FIGS. 9A-C,
conservative amino acid changes are indicated with a box;
and non-conservative amino acid changes are indicated in
bold.
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[0246] Table 1 provides the clone number and amino acid
changes for various AAV neutralizing antibody escape
mutants.

TABLE 1
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TABLE 2-continued

Mutations in 9 human antisera evader clones

Clone  Mutation Region

Mutations in 5 rabbit antisera evader clones

Clone Mutation Region

rAbE1 T713R 2-fold dimple*
T716A 2-fold dimple*

rAbE2 V418L Antigenic peptide 53*
T713R 2-fold dimple*
T716A 2-fold dimple*

rAbE3 T716A 2-fold dimple*

rAbE4 D18ON A69 linear epitope’
T716A 2-fold dimple*

rAbES A493G C37-B conformational

epitope’

T716A 2-fold dimple*

Moskalenko et al. (2000) J. Virol. 74: 1761-1766
TWobus et al. (2000) J. Virol. 74: 9281-9293
¥Xie et al. (2002) Proc. Natl. Acad. Sci. USA 99: 10405-10410

[0247] Table 2 provides the clone number and amino acid
changes for various AAV neutralizing antibody escape
mutants.

TABLE 2

Mutations in 9 human antisera evader clones

Clone  Mutation Region

Q186L 3 aa proximity A69 linear epitope*
T251A Minor Peptide 33, Canyon Epitope*
H290L
F306L End of 5-fold cylinder*
S390T
A493E C37-B conformational epitope®
A505V 1 aa proximity to C37-B conformational
epitope’
V5571
T651A
A2CM2 V46A
S196P Between A20 and C37 minor Conformational
Epitope®
AS593E Accessible surface region in Loop 4 on
p-GH13*
A3CM2 P31L
F100S

1260T Minor Peptide 33, Canyon Epitope*
R459G 3-fold spike in Loop 3 (peptide 58)*
A522T
A663V
E681G
W694R

[0248] Table 3 provides the clone number and amino acid
changes for various AAV mutants with increased heparin
binding.

TABLE 3

SICMS KI169R Peptide 22-23* & Bordering A69 linear epitope’

S181P A69 linear epitope’
A333V 5-fold cylinder*
P363T Between 5-fold cylinder and A20 conformational
epitope
A493E C37-B conformational epitope’
S2CMS  I19V “Lip” insertion (Peptide 4-5)*
V369A A20 conformational epitope™
AS593E Accessible surface region in Loop 4

on p-GH13*
S2CM2  G189E 6 aa proximity to A69 linear epitope’
N215I Near N-terminus VP3

A367E Between 5-fold cylinder and A20 conformational
epitope, 2 aa proximity to A20
S429G o-GH1#
A493E C37-B conformational epitope’
S580P End of b-GH12, 1 aa proximity to accessible surface
region loop 4, p-GH13*
P643L Proline residue between p-GH16 and B-H in
B barrel core®
E685V
S3CM2 R20S “Lip” insertion (Peptide 4-5)*
N57S
E347V 5-fold cylinder*
A493E C37-B conformational epitope’
N551D
D594E Accessible surface region in Loop 4 on
B-GH13%
A1CMS5 K26R “Lip” insertion (Peptide 4-5)*
N215D
G355S 5-fold cylinder*
AS593E Accessible surface region in Loop 4 on
p-GH13*
A3CMS G49E
S196P
T337P 5-fold cylinder*
A1CM2 K24E “Lip” insertion (Peptide 4-5)*
191P
K137T

Mutations of Clones with Increased Heparin Affinity

Clone Mutation

D14H1 W23L
D231G
S261F
V323F
Q349pP
G406E
N408D
W23L
S196T
D231G
S261F
Q349p
G406E
N408D
N569D
N596D

D14L3

[0249] Table 4 provides the clone number and amino acid
changes for various AAV mutants with reduced heparin
binding.

TABLE 4

Mutations of Clones with Reduced Heparin Affinity

Clone Mutation

P1BH1 M235V
Q401R
L437H
N582D

T660A
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TABLE 4-continued
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[0250] While the present invention has been described

with reference to the specific embodiments thereof, it should

Mutations of Clones with Reduced Heparin Affinity

Clone

Mutation

be understood by those skilled in the art that various changes

may be made and equivalents may be substituted without

P1BH2

G111R
K258E
L315P
E322G
N551D
V6051

departing from the true spirit and scope of the invention. In

addition, many modifications may be made to adapt a

particular situation, material, composition of matter, pro-

cess, process step or steps, to the objective, spirit and scope

of the present invention. All such modifications are intended

to be within the scope of the claims appended hereto.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 41

<210> SEQ ID NO 1
<211> LENGTH: 2225

<212> TYPE:
<213> ORGANISM:

DNA

<400> SEQUENCE: 1

atggctgccg

cagtggtgga

gacagcaggg

aagggagagc

cggcagctcg

caggagcgec

gcgaaaaaga

ggaaaaaaga

aaggcgggcc

tcagtacctg

aatacgatgg

gtgggtaatt

accaccagca

tccagccaat

tattttgact

aacaacaact

aaagaggtca

caggtgttta

tgcectceccege

aacaacggga

cagatgctgce

atggttatct

agctcaaacc

gtcttgtget

cggtcaacga

acagcggaga

ttaaagaaga

gggttcttga

ggccggtaga

agcagcctge

acccccagcec

ctacaggcag

cctcgggaaa

cccgaacctg

caggagcctc

tcaacagatt

ggggattccg

cgcagaatga

ctgactcgga

cgttcccage

gtcaggcagt

gtaccggaaa

adeno-

associlated

tccagattgg

tggcccacca

tcctgggtac

ggcagacgcc

caacccgtac

tacgtctttt

acctctggge

gcactctcect

aagaaaaaga

tctcggacag

tggcgcacca

ttggcattgce

ggccectgecece

gaacgacaat

ccactgccac

acccaagaga

cggtacgacg

gtaccagctc

agacgtcttce

aggacgctct

caactttacc

virus

ctcgaggaca

ccaccaaagc

aagtacctcg

gcggcccteg

ctcaagtaca

gggggcaacc

ctggttgagg

gtggagccag

ttgaattttg

ccaccagcag

atggcagaca

gattccacat

acctacaaca

cactactttg

ttttcaccac

ctcaacttca

acgattgcca

ccgtacgtece

atggtgccac

tcattttact

ttcagctaca

ctctctectga

ccgcagageg

gacccttcaa

agcacgacaa

accacgccga

tcggacgagce

aacctgttaa

actccteccte

gtcagactgg

ccececctetgg

ataacgaggg

ggatgggcga

accacctcta

gctacagcac

gtgactggca

agctctttaa

ataaccttac

tcggetegge

agtatggata

gcctggagta

cttttgagga

aggaataaga

gcataaggac

cggactcgac

agcctacgac

cgcggagttt

agtcttccag

gacggctcecg

gggaaccgga

agacgcagac

tctgggaact

cgccgacgga

cagagtcatc

caaacaaatt

ccecttggggg

aagactcatc

cattcaagtc

cagcacggtt

gcatcaagga

cctcaccectg

cttteccttet

cgttecttte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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-continued
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace geccagcageg agtatcaaag acatctgecgg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagcgtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaatt gettgcggece 2220
gccce 2225
<210> SEQ ID NO 2
<211> LENGTH: 2187
<212> TYPE: DNA
<213> ORGANISM: adeno-associated virus-2
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2169)...(2169)
<223> OTHER INFORMATION: n = A, G, C or T
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2170)...(2170)
<223> OTHER INFORMATION: n = A, G, C or T
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2171)...(2171)
<223> OTHER INFORMATION: n = A, G, C or T
<400> SEQUENCE: 2
atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggcocctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctccte gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctcectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
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-continued
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960

aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcce tcggectcgge gcatcaagga 1080
tgccteocege cgttecccage agacgtctte atggtgecac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctgc gtaccggaaa caactttacc ttcagctaca cttttgagga ccttcctttce 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttcte aggctggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgcgg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttgce ttccttcatc acacagtact ccacgggaca ggtcagcgtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttagga tggacgctaa tggcgtgtat 2160
tcagagcenn nccccattgg caccagt 2187
<210> SEQ ID NO 3

<211> LENGTH: 2187

<212> TYPE: DNA

<213> ORGANISM: adeno-associated virus-2

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2139)...(2139)

<223> OTHER INFORMATION: n = A, G, C, or T

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2169)...(2169)

<223> OTHER INFORMATION: n = A, G, C, or T

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2170)...(2170)

<223> OTHER INFORMATION: n = A, G, C, or T

<400> SEQUENCE: 3

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60

cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
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gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctgggce ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctc gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag cccecctetgg tetgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcce tcggectcgge gcatcaagga 1080
tgccteocege cgttecccage agacgtctte atggtgecac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctgc gtaccggaaa caactttacc ttcagctaca cttttgagga cgttcctttce 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttcte aggctggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgcgg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttgc ttccttcatc acacagtact ccacgggaca ggtcagcgtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttacng tggacgctaa tggcgtgtat 2160
tcagagcenn gccccattgg caccagt 2187
<210> SEQ ID NO 4
<211> LENGTH: 2201
<212> TYPE: DNA
<213> ORGANISM: adeno-associated virus-2
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<400> SEQUENCE: 4

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta a 2201
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 5
LENGTH:
TYPE:
ORGANISM:

733

adeno-associated virus-2

5

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 6
LENGTH:
TYPE:
ORGANISM:

2201

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 6

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggctggagc gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttaggg tggacgctaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta a 2201
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 7
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 8
LENGTH:
TYPE:
ORGANISM:

2201

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Arg

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Ala

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 8

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctgce gtaccggaaa caactttacc ttcagctaca cttttgagga ccttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggctggagc gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttagga tggacgctaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta a 2201
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 9
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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-continued

Mar. 10, 2005

Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Leu

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 10
LENGTH:
TYPE:
ORGANISM:

2200

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Arg

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Ala

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 10

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggctggagc gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttaggt ggacgctaat ggcgtgtatt 2160
cagagcctcg ccccattgge accagatacc tgactcgtaa 2200
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 11
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

11

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 12
LENGTH:
TYPE:
ORGANISM:

2201

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Ala

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 12

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcaaac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggctggagc gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacgctaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta a 2201
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asn

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 13
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

13

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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-continued

Mar. 10, 2005

Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 14
LENGTH:
TYPE:
ORGANISM:

2201

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Ala

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 14

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcgcca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggctggagc gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcagag agtatcaaag acatctgggg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacgctaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta a 2201
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 15
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

15

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 16
LENGTH:
TYPE:
ORGANISM:

2207

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Ala

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Gly

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 16

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtgtggaa gctcaaacct ggcccaccac caccaaagcc cgcagagcgg cataaggacg 120
acagcagggg tcttgtgctt cctgggtaca agtacctcgg acccttcaac ggactcgaca 180
agggagagcc ggtcaacgag gcagacgccg cggccctcga gcacgacaaa gcctacgacc 240
ggcagctcga cagcggagac aacccgtacc tcaagtacaa ccacgccgac gcggagtttce 300
aggagcgcct taaagaagat acgtcttttg ggggcaacct cggacgagca gtcttccagg 360
cgaaaaagag ggttcttgaa cctctgggece tggttgagga acctgttaag acggctccgg 420
gaaaaaagag gccggtagag cactctcctg tggagccaga ctcctcctcg ggaaccggaa 480
aggcaggcca gcagcctgca agaagaagat tgaattttgg tcagactgga gacgcagacc 540
cagtacctga cccccagcct ctcggacage caccagcagce cccctetggt ctgggaacta 600
atacgatggc tacgggcagt ggcgcaccaa tggcagacaa taacgagggc gccgacggag 660
tgggtaattc ctcgggaaat tggcattgcg attccacatg gatgggcgac agagtcatca 720
ccaccagcac ccgaacctgg gccctgccca cctacaacaa ccacctctac aaacaaattt 780
ccagccaatc aggagcctcg aacgacaatc actactttgg ctacagcacc ccttgggggt 840
attttgactt caacagattc cactgccact tttcaccacg tgactggcaa agactcatca 900
acaacaactg gggattccga cccaagagac tcaacttcaa gctctttaac attcaagtca 960
aagaggtcac gcagaatgac ggtacgacga cgattgtcaa taaccttacc agcacggttc 1020
aggtgtttac tgactcggag taccagctcc cgtacgtcct cggctcggeg catcaaggat 1080
gcctcacgee gttcccagca gacgtcttca tggtgccaca gtatggatac ctcaccctga 1140
acaacgggag tcaggcagta ggacgctctt cattttactg cctggagtac tttccttctce 1200
agatgctgcg taccggaaac aactttacct tcagctacac ttttgaggac gttcctttcec 1260
acagcagcta cgctcacagc cagagtctgg accgtctcat gaatcctctc atcgaccagt 1320
acctgtatta cttgagcaga acaaacactc caagtggaac caccacgcag tcaaggcttc 1380
agttttctca ggccggagcg agtgacattc gggaccagtc taggaactgg cttcctggac 1440
cctgttaccg ccagcagega gtatcaaaga catctgagga taacaacaac agtgaatact 1500
cgtggactgg agctaccaag taccacctca atggcagaga ctctctggtg aatccgggec 1560
cggccatggc aagccacaag gacgatgaag aaaagttttt tcctcagagc ggggttctca 1620
tctttgggaa gcaaggctca gagaaaacaa atgtggacat tgaaaaggtc atgattacag 1680
acgaagagga aatcaggaca accaatcccg tggctacgga gcagtatggt tctgtatcta 1740
ccaacctcca gaggggcaac aggcaagcag ctaccgcaga tgtcaacaca caaggcgttce 1800
ttccaggcat ggtctggcag gacagagatg tgtaccttca ggggcccatc tgggcaaaga 1860
ttccacacac ggacggacat tttcacccct ctcccctcat gggtggattc ggacttaaac 1920
accctcctecc acagattctc atcaagaaca ccccggtacce tgcgaatcct tcgaccacct 1980
tcagtgcgge aaagtttgcet tccttcatca cacagtactc cacgggacag gtcagcegtgg 2040
agatcgagtg ggagctgcag aaggaaaaca gcaaacgctg gaatcccgaa attcagtaca 2100
cttccaacta caacaagtct gttaatgtgg actttactgt ggacactaat ggcgtgtatt 2160
cagagcctcg ccccattgge accagatacc tgactcgtaa tctgtaa 2207
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 17
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

17

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Pro

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Arg

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Thr

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

val

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 18
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Glu

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 18

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggagtaaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgttc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgccttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgaag atgtcaacac tcaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctaca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactagta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Val

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 19
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

19

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr

Sarepta Exhibit 1066, page 90



US 2005/0053922 A1l

51

-continued

Mar. 10, 2005

Ala

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Glu

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 20
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 20

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcgaacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca atatcgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccaga agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccctet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagggtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
cccotgttace geccagcageg agtatcaaag acatctgagg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtacct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctcttc cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggtgctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcatc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 21
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

21

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Ile

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Glu

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Glu

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Leu

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Pro

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 22
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Gly

Leu

445

Gln

Trp

Glu

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Val

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 22

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataagce 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcag cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcggt gtaccagctc ccgtacgtcce tcggectcgge gcatcaagga 1080
tgcctccege cgttcccage ggacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
cccotgttace geccagcageg agtatcaaag acatctgagg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca gatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag aggtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gggaatactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Ser

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 23
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

23

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Ser

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Val

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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-continued
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Glu

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 24
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asp

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Glu

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 24

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcagacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca atgacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caagcaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcagctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgaag atgtcaacac tcaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctaca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Ser

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 25
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

25

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asp

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Arg

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Glu

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 26
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 26

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgagtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccccecctgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttcc cagcacggta 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaag caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
cccotgttace geccagcageg agtatcaaag acatctgagg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atccttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtatt ccacgggaca ggtcagegtg 2040
gagatcgagt ggaagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gagtttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Glu

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Pro

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Pro

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 27
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

27

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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-continued
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 28
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 28

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtggg agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac cccaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaaa gggttcttga acctctggge ctggttgagg aacctgttac gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg accccectgec tctcggacag ccaccagcag ccccctectgg tectgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce gcctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgcctce ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggactccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgcact tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
cccotgttace geccagcageg agtatcaaag acatctgagg ataacaacaa cagtgaatac 1500
tcgtggactg gagttaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaagat catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac gccccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

Leu

290

Leu

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 29
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

29

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Glu

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Thr

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Leu

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Pro

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Ala

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 30
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Thr

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

val

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Ala

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Glu

His

Ser

525

Ile

Ile

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 30

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgcget tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccccecctgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctac gtaccggaaa caactttacc ttcagctaca cttttgagga cgttcctttce 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgaag atgtcaacac tcaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttctaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Pro

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 31
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

31

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

Ala

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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-continued

Mar. 10, 2005

Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Glu

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 32
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 32

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga gggaataaga 60
cagtggtgga agctcaaacc tggcccacca ctaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagtct 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctccte gggacccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaact 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacaggtt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcagggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccgaccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctc 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtgtct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgtgg caaagtttgc ttccttcatc acacagtact ccacgggaca ggtcagcgtg 2040
gggatcgagt gggagctgca gaaggaaaac agcaaacgca ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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-continued

Mar. 10, 2005

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

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Ser

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Thr

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 33
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

33

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Leu

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Pro

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 34
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Arg

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Val

Ser

Asn

695

Asp

Gly

360

Gly Tyr Leu
Phe Tyr Cys
Asn Phe Thr

410

Tyr Ala His
425

Gln Tyr Leu
440

Thr Gln Ser
Asp Gln Ser
Val Ser Lys

490

Gly Ala Thr
505

Gly Pro Thr
520

Gln Ser Gly
Val Asp Ile
Thr Asn Pro

570

Gln Arg Gly
585

Val Leu Pro
600

Pro Ile Trp

Pro Leu Met

Ile Lys Asn
650

Ala Lys Phe
665

Val Gly Ile
680

Pro Glu Ile

Phe Thr Val

Thr Arg Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Gly

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 34

atggccgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggttga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgce ggttccacat ggatgggcga tagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
ttcagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tactttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagagttca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtacccgctc ccgtacgtcce tcggectcgge gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggtta cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccgaaaa cgactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct cattgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagcg gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca agacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccccccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

Phe

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 35
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

35

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Phe

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Leu

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Gly

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Pro

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 36
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Glu

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asp

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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Mar. 10, 2005

-continued

<400> SEQUENCE: 36

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggttga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ctcccactgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgce ggttccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
ttcagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tactttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtacccgctc ccgtacgtcce tcggectcgge gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggtta cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccgaaaa cgactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccgatccc gtggctacgg agcagtatgg ttcagtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcgacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Thr

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 37
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

37

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Phe

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Leu

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Gly

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Pro

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asp

Tyr

Phe

Pro

Thr

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 38
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Glu

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asp

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asp

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 38

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt gggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgce gattccacat gggtgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccce acctacaaca accacctcta caaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agctctttaa cattcaagtc 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cggatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctca catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaccctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tggtctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccgec 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Lys

Gly

His

290

Phe

Glu

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 39
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

39

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

val

235

Thr

Ser

Asp

Leu

Leu

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr
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Val

Gln

385

Arg

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn

705

Ser

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

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn

690

Lys

Glu

355

Met

Val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Ala

660

Gly

Lys

Val

Arg

DNA

Pro

Arg

Thr

405

His

His

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

SEQ ID NO 40
LENGTH:
TYPE:
ORGANISM:

2208

adeno-associated virus-2

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asp

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

Val

710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asn

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn

695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Vval

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

val

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp

715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Val

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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-continued

<400> SEQUENCE: 40

atggctgccg atggttatct tccagattgg ctcgaggaca ctctctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcc gcggccctcg agcacgacaa agcctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtctttt aggggcaacc tcggacgagc agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggctccg 420
ggaaaaaaga ggccggtaga gcactctcct gtggagccag actcctcctce gggaaccgga 480
aaggcgggcc agcagcctgc aagaaaaaga ttgaattttg gtcagactgg agacgcagac 540
tcagtacctg acccccagecc tctcggacag ccaccagcag ccccctectgg tctgggaact 600
aatacgatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga 660
gtgggtaatt cctcgggaaa ttggcattgc gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacctg ggccctgccc acctacaaca accacctcta cgaacaaatt 780
tccagccaat caggagcctc gaacgacaat cactactttg gctacagcac cccttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg acccaagaga ctcaacttca agccctttaa cattcaagtce 960
aaaggggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcc tcggctcggce gcatcaagga 1080
tgcctccege cgttcccage agacgtcttc atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta ctttccttet 1200
cagatgctge gtaccggaaa caactttacc ttcagctaca cttttgagga cgttccttte 1260
cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctct catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ctaccacgca gtcaaggctt 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gcttcctgga 1440
ccctgttace gccagcageg agtatcaaag acatctgegg ataacaacaa cagtgaatac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggccatgg caagccacaa ggacgatgaa gaaaagtttt ttcctcagag cggggttctce 1620
atctttggga agcaaggctc agagaaaaca gatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatct 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggcgtt 1800
cttccaggca tgatctggca ggacagagat gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctccte cacagattct catcaagaac accccggtac ctgcgaatcc ttcgaccacc 1980
ttcagtgcgg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gccccattgg caccagatac ctgactcgta atctgtaa 2208
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<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Ala Ala Asp

1

Glu

Lys

Gly

Val

65

Arg

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Phe

Cys

Gly

305

Lys

Thr

Val

Gly

Pro

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

val

Ala

Asp

Ala

Pro

210

Gly

Thr

Glu

Gly

His

290

Phe

Gly

Ser

Leu

Ile

Ala

Lys

Glu

Leu

Glu

Gly

115

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

val

Thr

Gly

Arg

20

Glu

Tyr

Ala

Asp

Phe

100

Arg

val

His

Gln

Asp

180

Ser

Ala

Trp

Thr

Ile

260

Ser

Ser

Pro

Thr

Val

340

Ser

SEQ ID NO 41
LENGTH:
TYPE:
ORGANISM:

735

adeno-associated virus-2

41

Gly

Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Thr

Pro

Lys

Gln

325

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

val

Leu

Asn

Cys

230

Thr

Ser

Pro

Arg

Arg

310

Asn

Val

His

Leu

Trp

Lys

Pro

55

Ala

Asp

Arg

Phe

Pro

135

Val

Ala

Pro

Gly

Asn

215

Asp

Trp

Gln

Trp

Asp

295

Leu

Asp

Phe

Gln

Pro

Lys

Asp

Phe

Ala

Asn

Leu

Gln

120

val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

Asp

Leu

25

Asp

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Asn

Gly

Thr

Leu

Gly

265

Tyr

Gln

Phe

Thr

Asp

345

Cys

Trp

10

Lys

Ser

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Ala

Phe

Arg

Lys

Thr

330

Ser

Leu

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Met

235

Thr

Ser

Asp

Leu

Pro

315

Thr

Glu

Pro

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Leu

Ala

Gly

220

Gly

Tyr

Asn

Phe

Ile

300

Phe

Ile

Tyr

Pro

Asp

Pro

Leu

Lys

Lys

Tyr

Ser

Val

125

Gly

Ser

Phe

Gly

Thr

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

Thr

Pro

val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Gln

190

Gly

Gly

Arg

Asn

Asn

270

Arg

Asn

Ile

Asn

Leu

350

Pro

Leu

15

Pro

Leu

Glu

Tyr

His

95

Arg

Glu

Lys

Thr

Gln

175

Pro

Ser

Asn

val

His

255

His

Phe

Asn

Gln

Asn

335

Pro

Ala

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Tyr

His

Trp

Val

320

Leu

Tyr

Asp
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Val

Gln

385

Gln

Asp

Leu

Asn

Ala

465

Pro

Asn

Arg

Asp

Gln

545

Asp

Gly

Ala

Arg

Asp

625

His

Pro

Tyr

Glu

Asn
705

Ser

Phe

370

Ala

Met

Val

Met

Thr

450

Gly

Cys

Ser

Asp

Glu

530

Gly

Glu

Ser

Asp

Asp

610

Gly

Pro

Ser

Ser

Asn
690

Lys

Glu

355

Met

val

Leu

Pro

Asn

435

Pro

Ala

Tyr

Glu

Ser

515

Glu

Ser

Glu

Val

Val

595

Val

His

Pro

Thr

Thr

675

Ser

Ser

Pro

Val

Gly

Arg

Phe

420

Pro

Ser

Ser

Arg

Tyr

500

Leu

Lys

Glu

Glu

Ser

580

Asn

Tyr

Phe

Pro

Thr

660

Gly

Lys

val

Arg

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Phe

Lys

Ile

565

Thr

Thr

Leu

His

Gln

645

Phe

Gln

Arg

Asn

Pro
725

Gln

Ser

390

Gly

Ser

Ile

Thr

Ile

470

Gln

Trp

Asn

Phe

Thr

550

Arg

Asn

Gln

Gln

Pro

630

Ile

Ser

Val

Trp

val
710

Ile

Tyr

375

Ser

Asn

Ser

Asp

Thr

455

Arg

Arg

Thr

Pro

Pro

535

Asp

Thr

Leu

Gly

Gly

615

Ser

Leu

Ala

Ser

Asn
695

Asp

Gly

360

Gly

Phe

Asn

Tyr

Gln

440

Thr

Asp

val

Gly

Gly

520

Gln

Val

Thr

Gln

Val

600

Pro

Pro

Ile

Ala

Val

680

Pro

Phe

Thr

Tyr

Tyr

Phe

Ala

425

Tyr

Gln

Gln

Ser

Ala

505

Pro

Ser

Asp

Asn

Arg

585

Leu

Ile

Leu

Lys

Lys

665

Glu

Glu

Thr

Arg

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

650

Phe

Ile

Ile

Tyr
730

Thr

Leu

395

Phe

Ser

Tyr

Arg

Arg

475

Thr

Lys

Met

Val

Glu

555

Val

Asn

Gly

Ala

Gly

635

Thr

Ala

Glu

Gln

Asp
715

Leu

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu

540

Lys

Ala

Arg

Met

Lys

620

Gly

Pro

Ser

Trp

Tyr

700

Thr

Thr

365

Asn

Tyr

Tyr

Ser

Leu

445

Gln

Trp

Ala

His

Ser

525

Ile

Val

Thr

Gln

Ile

605

Ile

Phe

Val

Phe

Glu

685

Thr

Asn

Arg

Asn

Phe

Thr

Leu

430

Ser

Phe

Leu

Asp

Leu

510

His

Phe

Met

Glu

Ala

590

Trp

Pro

Gly

Pro

Ile

670

Leu

Ser

Gly

Asn

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

575

Ala

Gln

His

Leu

Ala

655

Thr

Gln

Asn

val

Leu
735

Ser

Ser

400

Glu

Arg

Thr

Gln

Gly

480

Asn

Gly

Asp

Lys

Thr

560

Tyr

Thr

Asp

Thr

Lys

640

Asn

Gln

Lys

Tyr

Tyr
720
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What is claimed is:

1. An isolated nucleic acid comprising a nucleotide
sequence that encodes a mutant adeno-associated virus
(AAV) capsid protein, wherein the mutant AAV capsid
protein comprises at least one amino acid substitution rela-
tive to a wild-type AAV capsid protein.

2. The isolated nucleic acid of claim 1, wherein the
encoded mutant AAV capsid protein exhibits increased hep-
arin binding relative to a wild-type AAV capsid protein.

3. The isolated nucleic acid of claim 1, wherein the
encoded mutant AAV capsid protein exhibits decreased
heparin binding relative to a wild-type AAV capsid protein.

4. The isolated nucleic acid of claim 1, wherein the
encoded mutant AAV capsid protein exhibits reduced bind-
ing to neutralizing antibody relative to a wild-type AAV
capsid protein.

5. An isolated host cell comprising the nucleic acid of
claim 1.

6. The isolated host cell of claim 5, wherein the host cell
is stably transfected with the nucleic acid.

7. The isolated host cell of claim 5, further comprising a
nucleic acid comprising a nucleotide sequence encoding an
adeno-associated virus (AAV) rep protein.

8. The isolated host cell of claim 7, further comprising a
recombinant AAV vector.

9. An adeno-associated virus (AAV) library, comprising a
plurality of nucleic acids comprising a nucleotide sequence
that encodes a mutant AAV capsid protein, wherein the
mutant AAV capsid protein comprises at least one amino
acid substitution relative to a wild-type AAV capsid protein.

10. A library of mutant adeno-associated virus (AAV)
particles, comprising a plurality of AAV particles compris-
ing an AAV capsid protein comprising at least one amino
acid substitution relative to a wild-type AAV capsid protein.

11. A recombinant adeno-associated virus (rAAV) virion
comprising an AAV capsid protein comprising at least one
amino acid substitution relative to a wild-type AAV capsid
protein; and a heterologous nucleic acid.

12. The rAAV virion of claim 11, wherein the rAAV virion
exhibits reduced heparin binding relative to wild-type AAV.

13. The rAAV virion of claim 11, wherein the rAAV virion
exhibits increased heparin binding relative to wild-type
AAV.

14. The rAAV virion of claim 11, wherein the rAAV virion
exhibits reduced inhibition of infection by neutralizing anti-
bodies relative to the inhibition of infection by neutralizing
antibodies of wild-type AAV virion.

15. The rAAV virion of claim 11, wherein the rAAV virion
exhibits increased capacity to cross an endothelial cell layer
relative to wild-type AAV virion.

Mar. 10, 2005

16. The rAAV virion of claim 11, wherein the rAAV virion
exhibits increased infectivity of a non-permissive cell rela-
tive to wild-type AAV virion.

17. A method of generating a mutant adeno-associated
virus (AAV) particle comprising an AAV capsid protein
comprising at least one amino acid substitution relative to a
wild-type AAV capsid protein, wherein the mutant AAV
particle exhibits an altered capsid property, the method
comprising:

a) generating a library of AAV mutants comprising a
mutation in an AAV cap gene;

b) packaging the AAV library into AAV particles, gener-
ating AAV library particles; and

c) selecting the AAV library particles for an altered capsid

property.

18. The method of claim 17, wherein generation of the
library of AAV mutants comprises polymerase chain reac-
tion mutagenesis.

19. The method of claim 18, where the mutagenesis
comprises a staggered extension process.

20. The method of claim 17, wherein generation of the
library of AAV mutants comprises oligonucleotide-directed
mutagenesis.

21. The method of claim 17, wherein the selecting step
comprises selecting for reduced binding to heparin.

22. The method of claim 17, wherein the selecting step
comprises selecting for increased binding to heparin.

23. The method of claim 17, wherein the selecting step
comprises selecting for reduced binding to neutralizing
antibodies.

24. The method of claim 17, wherein the selecting step
comprises selecting for increased infectivity of a non-per-
missive cell.

25. The method of claim 17, wherein the selecting step
comprises selecting for increased ability to cross an endot-
helial cell layer.

26. Amethod of delivering a gene product to an individual
in need thereof, the method comprising administering to the
individual a recombinant adeno-associated virus (rAAV)
virion according to claim 11.

27. The method of claim 26, wherein the gene product is
a protein.

28. The method of claim 26, wherein the gene product is
a short interfering RNA.
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